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Our Nation’s rivers and streams are a valuable resource, providing drinking water, irrigation for crops, habitat for aquatic life, and many recreational opportunities.  But pollution from urban and agricultural areas continues to pose a threat to water quality. The Federal government has invested more than $77 billion in urban and industrial waste treatment since passage of the Clean Water Act in 1972. We spend another $3.5 billion per year on conservation practices to reduce pollution in agricultural runoff.  State and local governments have spent billions more over the years on pollution abatement. Yet, recently, the EPA reported that more than half of the Nation’s stream miles have ecosystems in poor condition.  In order to understand the return on our investments, and to more effectively manage and protect our water resources in the future, we need to know how and why water quality is changing over time. 
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In 1991, the USGS began monitoring the quality of the Nation’s streams and ground water through its National Water Quality Assessment Program. One of our primary goals has been to assess water quality trends.  We focused our initial trend analyses on two important groups of contaminants – nutrients and pesticides. We are in the process of expanding our analyses to also include sediment, carbon, salinity, and aquatic life.

Today, I’m going to use examples from analyses to date to give you a sense of how nutrients and pesticides have changed over time in our rivers and streams and to illustrate what we know and what we don’t know about what’s causing those changes.  I’ll primarily focus on the Mississippi River Basin, which covers about 40% of the nation and represents a wide range of important climatic, agricultural, and urban influences that are present throughout the country.  Many of the lessons we’ve learned about understanding trends and managing water-quality in the Mississippi River Basin can also be applied to the entire country. 
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I’ll start with nutrients. Nutrients are essential for healthy plant and animal populations, but high levels of nutrients can degrade water quality. Recent reporting by the States to EPA indicate that nearly 7,000 stream reaches in the United States do not meet water-quality goals for nutrients because they are too contaminated for basic uses such as fishing and swimming. 
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Here are a couple of specific examples of problems with elevated nutrients. 

The excessive algal growth caused by elevated nutrients leads to low levels of dissolved oxygen in water, also known as hypoxia, which can harm economically and ecologically important fish and shellfish.  Hypoxic conditions have been found in many of the Nation’s estuaries, including Chesapeake Bay, Puget Sound, and the Gulf of Mexico.  The largest hypoxic zone in the Nation, and the second largest in the world, is in the northern Gulf of Mexico off the coast of Louisiana and Texas.  I’ll talk more about this shortly.
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Monday, May 13, 2013

Nitrate levels in Des Moines Water Works’ source water reached historic levels last week, at 24 milligrams per liter (mg/l) in
the Raccoon River and 17.87 mg/l in the Des Moines River. Currently at Des Moines Water Works' river intake locations,
the Raccoon River is reporting 21.04 and the Des Moines River is reporting 17.56 mg/l; however, higher numbers are being
seen upstream. This new record follows the continued upward trend of nitrate concentrations since fertilizer use and
increased row-crop agriculture began in the mid-1960s. It has been calculated that last week’s nitrate load surpassed last
year's entire nitrate load.

Through extensive and expensive water treatment, Des Moines Water Works'’ finished drinking water currently has a nitrate
level of 7.5 mg/l. The Environmental Protection Agency’s (EPA) maximum contaminant level (MCL) for nitrate levels in

< finished drinking water is 10 mg/l.
as ’ ’
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High nutrients can also cause problems in drinking water supplies. For example, this past summer, record nitrate concentrations occurred in the Des Moines and Raccoon Rivers in Iowa, the two main water sources for the Des Moines Water Works. Both rivers had concentrations in the range of 20 milligrams per liter – about twice the US EPA maximum contaminant level for drinking water. Treating the high nitrate concentrations to comply with the drinking water standard cost rate payers an extra $900,000. 
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Nationally, fertilizer use in agricultural and urban areas is the largest source of nitrogen, followed by animal manure and the atmosphere. Since 1945, the use of commercial fertilizers (shown in red) increased by 10-fold, due to increases in both crop acreage and application rates. During the same period, animal manure (shown in purple) remained relatively stable and inputs from the atmosphere (shown in orange) nearly doubled. On average, 16% of the nitrogen input to the land from these sources is not taken up by crops and ultimately reaches streams and rivers. 

Other important sources of nitrogen have not been as well tracked over time, including wastewater treatment plants and septic systems. While we don’t know exactly how those sources have changed, we know that they’ve increased over the century as population, shown here in blue, increased by nearly 150 million people. 

A detailed understanding of how each of these sources has changed over time is needed to determine the most important factors causing water-quality trends.
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To help us understand the effect of changing nutrient inputs on river quality over the past century, we analyzed nutrient data that were collected from rivers early in the 20th century.  While these data are available for fewer than 20 rivers nationwide, they show us that today’s conditions are very different from a century ago– concentrations are now much higher in most of these rivers.  
 
As an example, the top graph here shows that nitrate concentrations in the Illinois River have increased steadily since 1920, corresponding to increases in both population and fertilizer applications in agricultural and urban areas, shown in the bottom two graphs. While the Clean Water Act of 1972 mandated limits on point sources like wastewater treatment facilities, it did not implement limits on diffuse nonpoint sources like runoff from agricultural fields or urban areas. The Illinois River watershed has numerous large cities and intensive agriculture, and nonpoint sources are now the largest source of nutrients to the river. 

Because we didn’t regularly monitor rivers throughout the 20th century, we don’t have detailed knowledge about what happened in each decade or in most rivers.  The National Water Quality Assessment program, in combination with additional monitoring by EPA and others, now provides more consistent and widespread monitoring to give us a better understanding of both changing conditions nationally and important climatic and human factors causing those changes.  


Nitrogen Trends in U.S. Rivers
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In our first national assessment of nutrient trends using recent monitoring data, we found that total nitrogen concentrations remained stable or increased between 1993 and 2003 in 84% of streams nationwide.  Concentrations decreased in only 16% of streams.  This was also the case for total phosphorus. The stable and upward trends in the majority of streams indicate that efforts to limit nutrients had not produced consistent and widespread improvements by 2003.   
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Our more recent analyses of data for the Mississippi River Basin provides an updated and more detailed look at how things are progressing. In 2010, the hypoxic zone in the northern Gulf of Mexico was over 7,700 square miles, an area the size of New Jersey.  The large hypoxic zone, which threatens commercial and recreational fisheries that contribute over a billion dollars to the Gulf economy each year, is partially caused by nutrients from farms and cities flowing down the Mississippi River and its tributaries. The EPA Science Advisory Committee recommended that a 45 percent reduction in phosphorus and nitrogen loading to the Gulf – almost half -- is needed to reduce the size of the hypoxic zone to the goal set by the Mississippi River/Gulf of Mexico Watershed Task Force.

To help achieve that reduction, we spend billions of dollars each year on urban stormwater controls, enhanced wastewater treatment, and agricultural conservation practices.   Despite these efforts, nitrate loads at eight key monitoring sites in the Mississippi River basin showed mixed results from 1980-2010. At over half of the sites, the loads increased. 


Nitrate Trends in the Mississippi River

1980-2010

A Increasing
WV Decreasing
@ No change Gulf of Mexico

= USGS


Presenter
Presentation Notes
In particular, the loads in the Missouri River and the upper Mississippi River increased by about 50% from 1980-2010, over three times more than at any other site.  
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There have been some recent signs of progress in parts of the basin. Nitrate loads decreased about 15% in the Illinois and Iowa Rivers, with much of that decrease occurring in the most recent decade, after years of increasing or unchanging conditions. 


Nitrate Trends in the Mississippi River
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But even with these decreases, the increases in other parts of the watershed resulted in a 14% increase in the nitrate loads entering the Gulf of Mexico between 1980 and 2010. 

As a result of the continued increase in loading to the Gulf, local, state, and federal agencies throughout the Mississippi River Basin have intensified efforts to implement conservation practices and upgrade wastewater treatment facilities. Each of the 12 states in the Mississippi River/Gulf of Mexico Watershed Task Force are developing nutrient reduction strategies, and the USDA is working with producers to voluntarily implement conservation practices in areas that contribute the most nutrients to local waters and to the Gulf.  
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Determining the effects of past and future conservation practices, as well as the effects of other changes in the Mississippi watershed, is challenging because of the number of constantly changing sources and other factors that affect nutrient transport to rivers and also because of the lack of data on how many of those factors have changed over time. 
 
We estimated that in 2002, agricultural inputs -- including fertilizer, manure, and legume crops -- were the largest source of nitrogen entering the Gulf of Mexico from the Mississippi River, at 60% of the total. Farm fertilizers in particular were estimated to contribute 41% of the total, compared to 14% from urban sources like wastewater treatment facilities and non-point source runoff from roads and lawns.  
 
All of these sources are simultaneously changing over time, and some are changing more than others  -- sometimes in different directions.  They all combine to determine trends in water quality.
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And it’s not just nutrient sources that drive trends. Changing climate and changing management practices may also push trends in either direction.  For example, a sustained shift in crops from soybeans to corn may increase fertilizer applications, whereas agricultural best management practices like stream buffer strips are designed to control and trap nutrients in runoff.  Improved irrigation technology may reduce nutrient transport to streams, whereas an increase in tile drainage may accelerate nutrient transport.   In urban areas, improved stormwater management technology may reduce transport, whereas an increase in impervious surface may increase transport.  Just like with sources, determining the individual influences of these practices on changing water quality requires detailed knowledge of how each has changed over time. 
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A source that’s often overlooked when evaluating the causes of nutrient trends is the transport of nitrogen to rivers through ground water, which occurs on a different time scale than surface runoff. After nitrogen is applied to the land surface, it can reach rivers quickly by overland flow. Or, it may travel to a stream or river very slowly in ground water. Depending on the path the ground water takes, it can take anywhere from days to centuries for nitrate to reach a river. This delay between changes on the land surface and changes in river quality can lead to inaccurate allocation of pollution among sources in TMDLs and misunderstanding about the effectiveness of management practices. 
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In the Mississippi River, we looked at how nitrate concentrations changed at different flow conditions to help us understand the role of surface runoff and ground water.

This figure shows nitrate concentrations at the outlet of the Mississippi River between 1980 and 2010 at high streamflows in May. During high streamflows, surface runoff is a major source of nitrate to the river. The concentration decline at high streamflows may be evidence that some progress has been made at reducing nitrate in surface runoff. 

In contrast, there has been an increase in nitrate concentrations at low streamflows, when more of the water in the stream is derived from ground water inflows. This increase is evidence that nitrate concentrations in ground water may be increasing and contributing to increasing concentrations in the Mississippi River. 

Because of the slow movement of nitrate through ground water to rivers, the recent increases we have been seeing at low streamflows may be a reflection of fertilizer application and other land management practices from many years ago.  For the same reason, the full effect of today’s management practices may not be measurable in these rivers until many years in the future.
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Now I am going to show you what we’ve found for trends in pesticides. Pesticides provide a range of benefits, including increased food production and reduction of insect-borne disease, but their use also raises concerns about possible adverse impacts on the environment. They enter the environment primarily through their application for weed and pest control in agricultural areas, such as croplands and orchards, and in nonagricultural areas, such as lawns, gardens, and along roadways. Once released into the environment, pesticides and their degradates may affect humans, aquatic life, or wildlife if concentrations reach toxic levels. 
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A USGS assessment of pesticide concentrations in the Nation’s streams showed that 57% of agricultural streams and 83% of urban streams had at least one pesticide exceeding aquatic life benchmarks established by the EPA to protect aquatic life. But stream concentrations seldom exceeded human-health benchmarks – only 10 percent of agricultural streams and 7 percent of urban streams had at least one pesticide exceeding human-health benchmarks. 
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Total pesticide use for agriculture in the United States (shown in black) steadily increased between 1930 and 1980, after which it decreased somewhat due to stabilizing herbicide use (in green) and a decrease in insecticide use (in purple) by about half as more potent chemicals requiring smaller application amounts were introduced.

Trends in the use of individual pesticides can vary widely from national patterns, depending on factors such as market conditions, regulatory actions, and the introduction of new pesticides.  Also, some pesticides are used in small quantities nationally, but are used frequently in more localized areas with specific crops or pests. 
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For example, the agricultural use of the herbicides atrazine and DCPA in 1992 show distinctly different geographic patterns. Atrazine, one of the most heavily used pesticides in the Nation, was applied primarily to corn in the Midwest. In contrast, DCPA was used in smaller amounts over a smaller area, primarily to control weeds on vegetables and other specialty crops. 

The change over time in these two herbicides also differs. Atrazine use remained fairly stable in both application amount and location between 1992 and 2011, whereas DCPA use declined in the Southeast and the Midwest and increased in parts of the Northwest.

Understanding these changes in use is key to determining their effects on water quality.
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Unlike nutrients, pesticides only have one major source – their application in agricultural or urban areas.  Their application rates are also highly regulated.  Because of this, attributing changes in pesticide concentrations to specific changes in their source is often more clear cut than with nutrients. Nonetheless, changes in stream concentrations of a pesticide are influenced by many of the same management practices that affect how nutrients move from the land surface to rivers.  The trends are also influenced by each pesticide’s unique chemical properties, which determine their mobility and persistence in the environment.  
 
For example, because of its persistence, the insecticide DDT is still found in stream sediment and fish tissue decades after it was discontinued in the 1970’s.  Concentrations of more recent, relatively short-lived pesticides, however, have generally responded more rapidly to changes in use. 
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For example, concentrations of the herbicide metolachlor either decreased or stayed the same in most major rivers nationwide between 1997 and 2006. Concentrations of several other major pesticides also mostly declined or stayed the same during this period. The declines closely followed declines in their annual use, confirming that reducing use is an effective and reliable strategy for reducing pesticide contamination in streams. This was particularly true for metolachlor, due to the introduction of a more potent reformulation of metolachlor in 1997 that required lower application rates. I want to show you one site in a bit more detail.
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This graph shows the correspondence between changes in metolachlor use (in red) and metolachlor concentrations (in black) in the Wabash River in Indiana. As in many other streams, both metolachlor use and concentration decreased between 1997 and 2006.  

Other possible causes for decreased pesticide concentrations, such as agricultural management practices, can’t be evaluated because we don’t have quantitative information on how they have changed over time.
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While pesticide use in agricultural areas can be reasonably estimated from available survey data, pesticide use in urban areas is not routinely tracked. Instead, information on changes in regulation and the introduction or discontinuation of pesticides can be used to help explain trends in urban streams. 

For example, in late 2000, the EPA and insecticide manufacturers reached an agreement to phase out the use of the insecticide diazinon in urban settings. The phaseout resulted in decreasing sales of diazinon for home and garden use, and a corresponding increase in sales of alternative insecticides.  As a result, there were widespread declines in the concentrations of diazinon in urban streams across the country from 2000 to 2008, which you can see in the map for diazinon. Let’s take a more detailed look at one typical urban stream-- Salt Creek in Illinois. 
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There was a clear downtrend in diazinon concentrations Salt Creek between 2003 and 2006, resulting in more than a 90 percent concentration decline in the stream. This decline began just after the phase out of indoor residential uses of diazinon and continued during the phase out of outdoor residential uses. 


Fipronil Trends in Urban Streams
2000 - 2008
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During this same period, there were widespread increases in the insecticide fipronil and its degradation products in urban streams, as fipronil was increasingly used as a substitute for diazinon.  In this and other instances, we’ve seen concentrations of one pesticide decrease while concentrations of its replacement increase. Regular monitoring  is required to determine if the replacement pesticides are reaching streams in less toxic amounts.  Pesticides targeted for monitoring also need to be re-evaluated regularly as use changes over time and new pesticides are introduced. 
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Based on these results, we’ve reached some important conclusions about nutrient and pesticide trends and what they tell us about managing water quality in the United States.
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First, nitrate loading to the Gulf of Mexico from the Mississippi River increased 14% from 1980 to 2010 and this is increasing water-quality problems in the Gulf hypoxic zone.  The causes are difficult to determine.  Some tributaries to the Mississippi River have seen increased loads while others have seen recent decreases.  There is evidence that one contributor to the increasing loading to the Gulf is increasing nitrate in ground water flowing into the Mississippi river and its tributaries.  This may be causing delays in seeing the effects of management efforts.
 
In contrast, concentrations of many pesticides that we’ve monitored decreased or stayed the same from the late 1990’s to 2008.  Pesticide trends are strongly controlled by use, with decreases in concentration corresponding to decreases in application – often from regulatory actions – and increases in some replacement pesticides corresponding to growing use. Because pesticides only have one major source to the environment and because they are highly regulated, we have made more clear-cut progress in managing their concentrations in streams and rivers.  
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What are the lessons learned for managing water quality?
 
First, when it comes to managing sources, reducing pesticide use reduces concentrations, and increasing use increases concentrations. Although some pesticides will respond more slowly than others because of varying environmental persistence, controlling use is a proven strategy.  It is more complicated for nutrients like nitrate.  Nutrients have multiple sources in the environment, and an improvement in one source could be offset by changes in other sources.  Also, the slow movement of nutrients in ground water can delay a stream’s response to clean-up efforts for years or decades.
 
Second, aside from the direct influence of pesticide use, we have not yet been able to document widespread reductions in either nutrients or pesticides that can clearly be associated with the investments we’ve made in other management efforts like agricultural conservation, urban stormwater controls, and wastewater treatment. These management efforts may have had positive effects—some of the increases in concentration might have been larger without them.  But the lack of widespread reductions suggests that either reductions from management efforts are being offset by other changes or that more will need to be done.
 
Without improved data on where and when specific strategies or source changes are occurring, we cannot reliably determine their effectiveness. This is the greatest barrier to fully explaining the causes of water-quality trends in rivers and streams. USGS is working with other agencies to compile data where available. For example, we have compiled fertilizer sales data that are collected annually by regulatory agencies in each State and information on crop acreage and livestock manure from the Census of Agriculture conducted every 5 years.  But other types of information are unavailable or have been collected inconsistently over time.  

To determine the most efficient and cost-effective approaches to managing water quality in the future, we need to improve the national tracking of all major sources, conservation practices, and other factors, and combine it with continued and enhanced long-term monitoring of streams and rivers.
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