
  

Nitrogen and Phosphorus in Large Rivers
Nitrogen is a critical nutrient for plants and animals, and terrestrial ecosystems and headwater
streams have a considerable ability to capture nitrogen or to reduce it to N2 gas though the process
of denitrification. Nitrogen cycling and retention is thus one of the most important functions of
ecosystems (Vitousek et al., 2002). When loads of nitrogen from fertilizer, septic tanks, and
atmospheric deposition exceed the capacity of terrestrial systems (including croplands), the excess
may enter surface waters, where it may have “cascading” harmful effects as it moves downstream to
coastal ecosystems (Galloway and Cowling, 2002). Other sources of excess nitrogen include direct
discharges from storm water or treated wastewater. This indicator specifically focuses on nitrate,
which is one of the most bioavailable forms of nitrogen in bodies of water.

Phosphorus is a critical nutrient for all forms of life, but like nitrogen, phosphorus that enters the
environment from anthropogenic sources may exceed the needs and capacity of the terrestrial
ecosystem. As a result, excess phosphorus may enter lakes and streams. Because phosphorus is often
the limiting nutrient in these bodies of water, an excess may contribute to unsightly algal blooms,
which cause taste and odor problems and deplete oxygen needed by fish and other aquatic species.
In some cases, excess phosphorus can combine with excess nitrogen to exacerbate algal blooms (i.e.,
in situations where algal growth is co-limited by both nutrients), although excess nitrogen usually
has a larger effect downstream in coastal waters. The most common sources of phosphorus in rivers
are fertilizer and wastewater, including storm water and treated wastewater discharged directly into
the river. In most watersheds, the atmosphere is not an important source or sink for phosphorus.

This indicator tracks trends in nitrate and phosphorus loads carried by four of the largest rivers in the
United States: the Mississippi, Columbia, St. Lawrence, and Susquehanna. While not inclusive of
the entire nation, these four rivers account for approximately 55 percent of all freshwater flow
entering the ocean from the contiguous 48 states, and have a broad geographical distribution. This
indicator relies on stream flow and water-quality data collected by the U.S. Geological Survey
(USGS), which has monitored nutrient export from the Mississippi River since the mid-1950s and
from the Susquehanna, St. Lawrence, and Columbia Rivers since the 1970s. Data were collected
near the mouth of each river except the St. Lawrence, which was sampled near the point where it
leaves the United States.

At the sites for which data are included in this indicator, USGS recorded daily water levels and
volumetric discharge using permanent stream gauges. Water quality samples were collected at least
quarterly over the period of interest, in some cases up to 15 times per year. USGS calculated annual
nitrogen load from these data using regression models relating nitrogen concentration to discharge,
day-of-year (to capture seasonal effects), and time (to capture any trend over the period). These
models were used to make daily estimates of concentrations, which were multiplied by the daily
flow to calculate the daily nutrient load (Aulenbach, 2006; Heinz Center, 2005; Runkel et al., 2004).
Because data on forms of nitrogen other than nitrate and nitrite are not as prevalent in the historical
record, this indicator only uses measurements of nitrate plus nitrite. As nitrite concentrations are
typically very small relative to nitrate, this mixture is simply referred to as nitrate.

What the Data Show
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The Mississippi River, which drains more than 40 percent of the area of the contiguous 48 states,
carries more than 10 times as much nitrate to the ocean as any other U.S. river. Nitrate load in the
Mississippi increased noticeably over much of the last half-century, rising from 200,000-500,000
tons per year in the 1950s and 1960s to an average of about 1,000,000 tons per year during the 1980s
and 1990s. This average decreased slightly to about 900,000 tons per year in the 2000s, but then
increased to about 1,000,000 tons per year during the 2010s (Exhibit 1). Large year-to-year
fluctuations are also evident. The Mississippi drains the agricultural center of the nation and contains
a large percentage of the growing population, so it may not be surprising that the watershed has not
been able to assimilate all the nitrogen from sources such as crop and lawn applications, animal
manure and human wastes, and atmospheric deposition (e.g., Rabalais and Turner, 2001).

The Columbia River’s nitrate load increased to almost twice its historical loads during the latter half
of the 1990s, but by the last year of record (2019), the nitrate load had returned to levels slightly
lower than those seen in the early 1990s (Exhibit 1). The St. Lawrence River showed an overall
upward trend in nitrate load over the period of record from 1974 to 1996, and has fluctuated between
2008 and 2019. The Susquehanna does not appear to have shown an appreciable trend in either
direction. Over the period of record, the Columbia and St. Lawrence both carried an average of
67,000 tons of nitrate per year, respectively, while the Susquehanna averaged 49,000 tons. By
comparison, the Mississippi carried an average of 830,000 tons per year over its period of record.

The total phosphorus load decreased in the St. Lawrence over the period of record (Exhibit 2). There
is no obvious trend in the Mississippi, Columbia, and Susquehanna Rivers, and the year-to-year
variability is quite large. Nitrogen and phosphorus loads tend to be substantially higher during years
of high precipitation, because of increased erosion and transport of the nutrients to stream channels
(Smith et al., 2003). Over the full period of record, average annual phosphorus loads for the
Mississippi, Columbia, St. Lawrence, and Susquehanna were 161,000; 11,000; 4,000; and 3,000
tons, respectively.

Limitations

While this indicator does not cover the entire United States, it does represent more than half of
the contiguous 48 states’ land area (54%).

The indicator does not include data from numerous coastal watersheds whose human
populations are rapidly increasing (e.g., Valigura et al., 2000).
 
It does not include smaller watersheds in geologically sensitive areas, whose ability to retain
nitrogen might be affected by acid deposition (e.g., Evans et al., 2000).
 
It does not include forms of nitrogen other than nitrate. Although nitrate is one of the most
bioavailable forms of nitrogen, other forms may constitute a substantial portion of the
nitrogen load. Historically, nitrate data are more extensive than data on other forms of nitrogen.
 
Not all forms of phosphorus included in the total phosphorus loads are equally capable of
causing algal blooms.

The St. Lawrence has no data from 1997 to 2007 due to insufficient sampling.

Data Sources
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Data were collected and compiled by USGS. Historical nutrient loads for the Columbia, St.
Lawrence, and Susquehanna were originally reported in Aulenbach (2006); portions of the
Mississippi analysis were previously published in Goolsby et al. (1999) and a supplement to
Aulenbach (2006). Recent data were downloaded from a public USGS website at 
https://www.sciencebase.gov/catalog/item/5ebeffb082ce476925e66510. This website provides
nutrient sampling, daily stream flow, and nutrient load data as part of the USGS National Water
Quality Network (USGS, 2020).
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