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PREFACE

This report was prepared for the Nutrient Enrichment Subcommittee of the U.S.
Environmental Protection Agency’s Gulf of Mexico Program. Because nearly 60% of the
continental United States drains into the Gulf of Mexico, a large and diverse amount of data are
available that could potentially be used to assess tHe sources and quantities of nutrients entering
' the Gulf. Unfortunately, data from these studies often are not comparable in their timeframes,
methods employed, or the water quality parameters reported. In addition, data on nutrient
concentrations in rivers often are not accompanied by data on water flow, therefore pollutant
loadings cannot be ascertained. As this report indicates, there is no shortage of appropriate data
of documented quality upon which to base decisions about protection of the water of the Guif of

Mexico.

This report is not intended to be a complete examination of the sources of nutrients in the
Gulf of Mexico. Rather, it represents an effort to examine the data for one specific year—1989.
Fuﬁding was inadequate to include analysis of additional years. While care was used in selecting
this year, 1989 may not represent a typical year for nutrient inflow into the Gulf. The
lexamination of only one specif’ ip year also means that no trend analysis over a multiyear
timeframe was performed. It is hoped that future reports will address these and other questions
concerning the relationship between nutrient enrichment and the ecological integrity of the Guif

of Mexico.

After reviewing this document, the members of the Nutrient Enrichment Subcommittee

caution readers to bear these aforementioned limitations of the report in mind.
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Executive Summary:
Sources and Q atities of Nutrients Entering
the Gulf of Mc .ico from Surface Waters of
‘ the United States

The Gulf of Mexico is one of our nation’s premier natural resources. A vital habitat for both aquatic and
terrestrial species, it is a major supplier of seafood production and recreational opportunities. However,
this marine ecosystem is now threatened by a variety of contaminants resulting from man'’s activities. This
degradation of the Gulf is caused by activities in the coastal areas as well as from freshwaters flowing into
the Gulf from the entire drainage area. One specific area of concem is the potential overenrichment of
Gulf waters by excessive nutrients, particularly nitrogen and phosphorus.

At the beginning of the Gulf of Mexico project, some felt that we needed to concentrate on the activities
in the Gulf Coast states but others felt that we needed to include the entire drainage basin in any analysis
or particularly in management plans. We quickly arrived at the point where we were uncertain from
where these excessive nutrients were originating. On farms in Louisiana or Texas or ranches in Montana?
From industries in Florida or municipalities in Indiana or Minnesota?

We knew that nationally nonpoint sources of nitrogen and phosphorus accounted for about 80% of total
loadings into U.S. rivers and streams. But there was a great deal of variance across regions of the country.
For nitrogen, in the Northeast, less than 50% came from nonpoint sources, while in the Northem Plains
over 96% came from nonpoint sources.! For phosphorus, in the Southeast only 45% came from nonpoint
sources while nonpoint sources accounted for 90% or more in the northern Great Plains, Pacific and
Mountain states.? In order to answer these questions, we decided to initiate a study to examine the sources
and quantities of nutrients entering the Gulf of Mexico.

The drainage area into the Gulf is quite extensive, it covers roughly from the Appalachians to the Rockies
plus the Florida Gulf Coast. The Gulf’s drainage basin extends up into New York state in the east to
nearly all of Montana on the west or nearly 60% of the land area of the continental United States. Nearly
half of the population of the United States lives in the drainage area.’ Three-fourths of our land in farms
and ranches is in the drainage basin and almost 80% of our cropland. The basin produces nearly 90% of
the com and soybeans in the United States and 70% or more of our wheat and hay.*

This is obviously a vast, agriculturally productive area with major population centers and extensive
industry mcludmg much of what we have called the rust belt. So, we have extensive agriculture with high
levels of nutrient application; we have hundreds of cities discharging nutrients; and thousands of industries
discharging pollutants. All of these are putting nutnents into water that eventually flows into the Gulif of
Mexico.

With such diversity of sources in the geographic dispersion, the issue became how to simplify in order
to begin the analysis and to discover the data that was available. We found data that was comparable and
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covered the entire drainage area in both the Purdue University Water Quality Model and in EPA’s
STORET data base. Both of these are described in detail in the final report. Here we will point out some
difficulties and general results of that investigation.

Attempting the study of the sources and quantities of pollutants in all of the major waterways comprising *
an area as large as the Gulf of Mexico drainage basin severely limits the data sources which one can
utilize effectively. We believed it necessary to collect Or estimate data from one recent time span, with
a strong preference for a very recent and fairly typical year. While there is a plethora of studies on
various segments of waterways in river systems flowing into the Gulf, most are of value to this particular
study only for general background information rather than as actual data sources. “

For example, research on' the Galveston Bay Enn-zince Channel, the Mississippi River near St. Cloud MN,
Lake Austin in Texas and the Tampa Harbor is all within the geographic scope of this project. However,
these and other studies are not comparable in their time frames or in the methods employed and chemical
elements reported. Data collected from 1973 to 1979 may differ from that collected in 1981 or 1987 for
many reasons, none of which may be relevant to our current study. Some individual states in the Gulf
drainage area publish comprehensive data on water quality every few years; some others publish, for
example, data on concentrations but no data on water flow or pollutant loadings. And the sum total of
all of these reports for the relevant area was far from complete géographically.

With such a large geographic dispersion, the issue became one of simplifying in order to begin the
* analysis from the large databases available. We considered using the National Stream Quality Accounting
Network (NASQAN) data, established in 1972. Its data includes streamflow, concentrations of major
inorganic and trace constituents, presence or absence of bacterial indicators, and pesticide concentrations.
However, NASQAN only has approximately 500 stations in the entire United States, all located at the
mouths of major river systems and therefore not obtaining measurements from upstream reaches of many
waterways. Furthermore, federal budget constraints have led to bimonthly and quarterly sampling, leading
to a very low number of measurements even from fairly large geographic areas in a particular season or
even over the course of a year. For these reasons we decided to use primarily the two data sources
mentioned below.

We found data that was corparable andr:which covered the entire Gulf of Mexico drainage area in both
the Purdue University Water Quality Model and in the U.S. Environmental Protection Agency’s STORET
database. The Purdue Model, described in detail on pages 5-7 of this report, has more than 1300 nodal
points around the nation both at the mouths of rivers and upstream on major tributaries, with an average
distance of 66 miles. between nodal poihts. For this report we updated the original 1982 database with
estimates for 1990. ‘

The Environmental Protection Agency’s STORET system is the only national database which we located
that provides data comparable to that ix}qurdue‘s Water Quality Model for the Gulf of Mexico drainage
basin. STORET contains water quality data for more than 700,000 sampling sites throughout the United
States and Canada, including several measures of phosphorus and nitrogen, though some are reported in
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only one or a few surface water subsystems. A package of analytical programs allows access and some
analysis of water quality data, with the ability to restrict the analysis to data which were collected and
stored using certain quality control standards.

We made several decisions regarding which data to select, to maintain as high a degree of-quality control
as possible. Only "active” data, for which an individual currently with the agency that entered the data
is willing to be responsible for the accuracy and collection methods used, was retrieved; "retired” data was
not. We used only actual grab samples from surface waters, excluding such categories as underground
aquifers, wells or springs. Several "remark" codes may cast doubt on the accuracy of a particular sample;
we excluded all such samples except those consisting of the mean of samples collected on the same date,
calculations from actual samples, field measurements and those after any amount of recent rainfall, to
retrieve a cross section of all accurate data.

As noted in the report, we occasionally ended up with less data than desired for a specific subregion and
season. We did not attempt to pad these gaps with nearby or less accurate data, as this could reduce the
credibility of comparisons among subregions or seasons. We also attempted to run a "lowest station"
analysis using the most-downstream data collection stations’ data to confirm the "lowest subregions”
analysis for Gulf-adjacent subregions and the Mississippi River system. After a lengthy attempt, the
decision was made that sufficient data was not available for several subregions, negating the ability to
confirm the data in others.

The lack of data for 1990 also led to our decision to analyze 1989 data, as it is the most recent year for
which consistently sufficient data was generally available at the time of the analysis. With all of these
restrictions we believe we have reduced any quality control variability which was formerly sometimes
associated with the STORET system. ‘

We began by examining the 1989 seasonal concentrations in each of the USGS regions and subregions
which form the Guif of Mexico drainage basin. ‘This includes the Upper and Lower Mississippi regions,
the Ohio, Tennessee, Missouri, Arkansas and Texas Gulf regions as well as part of the South Atlantic-Gulf
or "Southeast" region. '

One of the more surprising observations about nutrient concentrations was the lack of any consistent
seasonal trend in any of the regions or subregions. Nonpoint sources of nutrients such as cropland runoff,
urban lawn runoff and large construction projects would be expected to be somewhat seasonal.

A second finding is that concentrations of nutrients do not generally increase as a river system flows
downstream. While in some stream reaches in some seasons, we found a trend, it was not consistent
across regions or across seasons. This may be the result of nutrient degradation or plant uptake of
nutrients, lags from sediment attached nutrients or simply that volumes of water increase more quickly
than volumes of nutrients.

For instance, if we begin in the Upper Mississippi region we find average concentrations of phosphorus




and nitrogen at .4 mg/L and 1.6 mg/L As we g0 south toward the Gulf, the. Missouri comes in with
higher average concentrations in its system of 1 mg/L of phosphorus and 2. 4 mg/L of mtrogen, the Omo

system inflow has average concentrations of .2 and .6 and the Tennessee, wmch flows into the lower Omo

shortly before it reaches the Mississippi, has concentrations of .1 and 4. By the time all this water

reaches the Lower Mississippi, the average daily concentrations including lower Mississippt tributaries are

.2 mg/L. of phosphorus and .8 mg/L of nitrogen. Therefore, the concentrations in the lower MlSSISSlppl

are lower than most of the major regions of its drainage basin However, since the amount of water being

contributed to the Mississippi from its tributaries is so vastly different, the next step was 0 examine

loadings of nutrients. |

. The mean concentrations throughout each of the USGS regions discusse‘dvabos)e. and the average daily
flows, are used to calculate nutrient loadings. Regional mean loadings are useful primarily as a basis for

comparisons between regions, as they represent a cross section of dm from the largest rivers to the
smaller tributaries. Our estimates of mean daily loadings of phosphorus are highest in the Ohio River
region over the entire year, with the Lower Mississippi region’s mean loadings second highest. The lowest
average daily phosphorus loadings are found in the Rio Grande region. Average daily Kjeldahl nitrogen
loadings were highest in the Lower Mississippi region in 1989; the Ohio system is a fairly distant second
for nitrogen. Several other regions report fairly low average daily Kjeldahl nitrogen loadings, with the
Rio Grande region again the lowest throughout the entire year.

Based on analysxs later in the report of only the "lowest subregion” data, which studies only those
'subregions closest to the Gulf of Mexico, much higher daily loadings of nutrients actually ﬂowmg into
the Gulf are likely. From this analysis we estimate that more than 379,000 pounds of phosphorus and
over 1,872,600 poimds of Kjeldahl nitrogen are discharged into the Gulf on an average day.
Approximately 94% of the phosphorus and 91% of the Kjeldahl nitrogen from these gulfside subregions
‘comes from the Mississippi River system.

Because of the high proportion of nutrients clearly coming from the Mississippi system using either
method, we should examine it more closely. When we looked at concentrations, remember that the waters
from the Missouri system and the Upper Mississippi were the most heavily nutrient laden. However, we
know that the Ohio discharges considerably more water into the Mississippi than the Missouri. If we look
at the data available for average daily loadings into the Mississippi system, specifically those systems
above the lower Mississippi region, we find for example that the relatively "nutrient rich" Missouri
accounts for only approximately 10% of average daily loadings of phosphorus and Kjeldahl nitrogen near
the mouth of the Mississippi. The largest amounts of water flowing into the Lower Mississippi come from
the Upper Mississippi and the Ohio regions, both of which also have many large population centers and
large amounts of agricultural activity. The Upper Mississippi then contributes roughly one-third of the
phosphorus and Kjeldahl nitrogen discharged into the Guif from the Mississippi system, and the Ohio
River system (including relatively small loadings from the Tennessee region) which contributes more than
half of the phosphorus and more than a quarter of the Kjeldahl nitrogen.

We must remember that these are averages across the entire year; there is considerable seasonal variation
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within the huge Mississippi drainage basin. For instance, the Ohio River System contributes over 60%
of the phosphorus in the spring but well under 20% in the summer. The Upper Mississippi and its
tributaries contribute only roughly 10% of the phosphorus in the spring but well over four-fifths in the
summer.

Overenrichment of the Gulf of Mexico, then, is caused by not only activities along the Coast but also by
the behaviors of Iowa farmers, Pennsylvania steel magnates and urban residents in cities like Indianapolis,
Louisville, St. Louis, Minneapolis and Rising Sun, Indiana. If we are to develop plans to protect the Gulf,
we must examine methods for influencing those behaviors. In addition, we need to identify which nutrient
is the most important to control or which is the most troublesome for the Gulf ecosystem. The
contributions of regions vary by nutrient and by season. In addition, the proportion of various nutrients
from point sources and nonpoint sources varies across regions and nutrients. Attempting to protect and
preserve the Gulf of Mexico ecosystem will require consideration of the activities throughout the entire
drainage basin as well as along the Gulf coast.

See Table 2 of report.

See Table 1 of report.

United States Department of Commerce, Bureau of the Census, Statistical Abstract of the United
States: 1990, 110th Edition, Washington, D.C., 1990. ‘

United States Departinent of Commerce, Bureau of the Census, 1987 Census of Agriculture, Volume
1: Geographic Area Series, Part 51: United States Summary and State Data, 1989.
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Sources and Quantities of Nutrients Entering
the Gulf of Mexico from Surface Waters of
the United States
Introduction.

The Gulf of Mexico is one of our nation’s premier naturai re's;ourc‘:es A vitai habitat for both aquatic
and terrestnal species, it is a major supplier of seafood production and recreational opportumues
However, this marine ecosystem is now threaiened by a vanety of contaminants resultmg from man )
activities. This degradation of the Gulf is caused by activities in the ooastal areas as well as from
freshwaters flowing into the Gulf from the eﬁﬁre drainage area. One specific area of concern is Vthe
potential overenrichment of Gulf waters by excessive nutrients, particularly nitrogen and phosphofus.
Before a strategy to manage and protect the resoﬁrcés of the Guif can be eétablished, the sources and
quantities of these nutrients entering it from major United States ﬁvef systems musf be idenﬁﬁed.

This paper reports on efforts to. gather the availabie information and data to acéomplish suéh
identification. The report utilizes primarily a combination of data from the US Environmental Protection
Agency’s STORET database and analysis from Purdue University’s Water Quality Mddel. v'I"he geograpﬁic
area studied covers the entire US drainage area into the Gulf, roughly from the Appalaﬁhians to the
Rockies plus the Florida Guif Coast. | - |

Many people do not realize the extent of this drainage area; it extends even to 5 small portion of
New Yoﬁc state and nearly all of Montana, covering nearlyA60% of the continéntél United States’ area.
A little less than half of the U.S. population lives in this area,' but it includes approximately three-quarters
of all US land in farms and nearly 80% of our cropland. Approximately 90% of the soybeans produced
in this country (a source of nitrogen in soils) comes from this area, and nearly 90% of our com, one of
the more heavily t:ertilized crops. More than 70% of our wheat is produced in the region, and
approximately 70% of U.S. acres in hay production (about 65% of dry tons produced)* are located in this

vast drainage area.?

This vast area, then, includes extensive agricultural regions with high levels of nutrient application,




major population centers discharging nutrients and other pollutants, and many varied industries also
discharging a multitude of pollutants. Eventually many of these pollutants must flow into the Gulf of
Mexico.

This report contains first, a description of Purdue’s Water Quality Model and the analysis of results
obtained through its use for the river systems in the Gulf of Mexico drainage area. Next, the
Environmental Protection Agency’s STORET database is described and the general results of studying
1989 data from it are presented. Comparisons of data from USGS regions on nutrient concentrations énd |
loadings follow, again using the STORET database. Loadings entering the Gulf from its coastal (USGS)
subregions, and some further analysis of the vast Mississippi River system, complete‘ the main body of
the report, along with the summary and conclusions.

Five important appendices follow the main report. Appendices A and B analyze STORET's USGS
subregional data on concentrations of phosphorus and nitrogen within regions; the data in Appendix A
include some non-ambient observations, while Appendix B includes strictly ambient data. Appendix C
contains nutrient loadings for USGS subregions within each region, from STORET. These three
appendices provide the means of locating more specific geographic problem areas regarding sources of
nutrients and Appendix D provides a cross-reference between USGS subregion or region numbers and the
Purdue Water Quality Model river system numbers and Appendix E provides a conc;,enuation of pollutants

for each river mode in the Purdue Water Quality Model.

! United States Department of Commerce, Bureau of the Census Statistical Abstract of the United
States: 1990, 110th Edition, Washington, D.C., 1990.
United States Department of Commerce, Bureau of the Census, 1987 Census of Agriculture,

Volume 1: Geographic Area Series, Part 51: United States Summary and State Data, 1989.




The Purdue University Water Quality Model

Description
In recent years, the issue of water quality has achieved a much more important focus. The general
public, as well as their representatives in Washington, are increasingly suggesting that the country needs '
clean water as well as food and ﬁber production. It should be the ‘goal of the govemment as well as both
agricultural and environmental groups to provide these desired commodities and amenities. The
Environmental Protection Agency has concentrated their water quality efforts on assisting municipalities
in construction and operation of sewage treatment plants and in regulating and assisting industries in
reducing the discharge of pollutants into our nation's surface waters. However, recent investigation
suggests that reducing point sources of pollution will be inadequate for achieving society’s water quality
goals. The role of agriculture in nonpoint source water pollution has been well documented.
The U.S. Department of Agriculture has also been responding to the social forces which are
suggesting that agricultural practices should be less environmentally degrading. Their work on the
National Program for Soil and Water Conservation for 1988 through 1997 illustrates the department’s
concemn over water quality and, in general, the offsite impacts of agricultural production practices. While
their first priority remains reducing the damége caused by excessive soil erosion, the damages mentioned
include 6ffsite damages as well as onsite damages. In addition, their number two priority for their ten year.
program is to "protect the quality of surface and groundwater against harmful contamination from nonpoint
sources."?
All of this interest in the water quality impacts of agricultural production practices sﬁgges,ts that as
a sector, agriculture will be increasingly called upon to estimate the water quality impacts of alternative
agricultural programs and policies. However, unlike estimating changes in gross soil erosion resulting

from agricultural policies, the tools for estimating the water quality impacts of agricultural policies are not

3 United States Department of Agriculture. 1988. "National Conservation Program.” In Joumnal of
Soil and Water Conservation, 43(3):243.




as refined. In the 1970’s and early 1980’s, a group of researchers at Resources for the Future in
Washington, D.C., began construction of a model to estimate the water quality impact of various point
and nonpoint sources. This model has been used in several procedures, such as the RCA process, to
provide some baseline information on the impact of cropland production practices upon num‘eht loadings
into the nation’s surface waters. This type of national model for estimating the water quality impacts
associated with altemnative policies is absolutely essential. While Americans desire cleaner water, they
also want the most efficient and effective policies for achieving their water quality goals.

This concern about water quality impacts of agricultural practices led the Soil Conservation Service
and the U.S. EPA, in cooperation with Purdue University, to revive and renew the development of the
Water Quality Model which was originally constructed by Leonard Gianessi and Henry Peskin at
Resources for the Future. This Water Quality Model (WQM) is utilized to provide directional estimates
of water quality impacts to decision makers for use in policy deliberations. |

While there are many water quality models oriented toward small watersheds (ANSWERS, AGNPS,
CREAMS, etc.), there has been much less work done on regional or national water quality models. In
considering the degradation of surface water quality by agricultural production at the national level, it is
useful to take one or two steps back from the water quality problem and examine the endowment of the
United States in terms of surface water. The United States has thousands of rivers, lakes, reservoirs,
creeks, etc., into which flow billions of gallons of water per day. Obviously, some method for
representing these hundreds of thousands of water bodies is essential for wise use of the resources. The
Water Quality Model, as originally developed by Resources for the Future and now adkapted by Purdue
University, attempts to represent an aggregate picture of the nation’s water resource by concentrating on
the major rivers, streams and lakes in the nation. In order to do this, the Water Quality Model establishes
nodal points at the mouths of rivers, the entrances to reservoirs, forks of major tributaries, major

population centers and the beginning of estuaries. This method yields 1,300 nodal points around the

nation which are used in 44 distinct subnetworks and then aggregated for national estimates. For instance,




the Mississippi River subnetwork (the largest) has a total of 124 different rivers as well as 78 lakes and
reservoirs. Nationwide, the average distance between nodal points is 66 miles.

A first question in the analysis of w‘ater quality is determining the sources of various pollutants.
Data developed by‘ Leonard Gianessi at Resources for the Future suggests that sediment, phoéphorus and
nitrogen are genefated in large quanﬁties by rural land uses inclﬁding crop}and. Nearly all suspended
sediments come from mral land uses, and over 80% qf total phosphorus and nitrogen comes from rural
land uses. This suggests that when these are the pollutants of concem, the loadings emanating from rural
lands must be considered in any policies or proposals to reduce the amount of degradation of our water
resources.

The Water Quality Model is unique in its ability to examine the issues surrounding the sources of
pollutants into our‘ surface waters. The Water Quality Model is very data intensive in the sense that
substantial information on point source pollution, rural land uses, urban nonpoint source pollution and
| technical coefficients are necessary. The Water Quality Model is illustrated in Figure 1. Figure 1 shows
that the point sources of pollution consist of industrial discharges as well as municipal treatment plants.
The nonpoint sources can be divided into the rural and urban. The rural pollutants can best be described
by separating out sediment originating from various rural land uses, nutrient from animal agricultural
practices and nutrient runoff from cropland. These various soumes are described in more detail in figures
2 through 4. Figure S consists of a map showing the USDA Crop Reporting Regions for the continental
U.S. Note that some part or all of every region except the Pacific Region is included in the Gulf of
Mexico drainage area.

Model Results

Data from the'original 1982 baserlof the Model is shown in Table 1 for Total Phosphorus and in
Table 2 for Total Kjeldahl Nitrogen, for nonurban nonpoint, urban nonpoint and point sources, and the
total from all sourcés. The Pacific Region is included for comparison only.

- Note the very wide differences between regions in both phosphorus and nitrogen loadings. In the

Northeast (little of which is in the Gulf of Mexico drainage area, see Figure 6 on page 23) and the
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Figure 3: Livestock Runoff Models for Water Quality Model
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Figure 4: Cropland Nutrient Runoff Models for Water Quality Model







Figure 5: USDA Crop Reporting Regions
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TABLE 1. 1982 Model Base: Nonurban Nonpoint, Urban Nonpoint, Pomt
and Total Loadings: Total Phosphorus (T P)

All data: 1000 tons/year

Nonurban Urban Point Total: All
Nonpoint Nonpoint Source Sources

Region TP TP : TP Phosphorus
Northeast - 64.4 5.8 . 68.0 1382
Appalachian 119.8 - 0.7 31.3 151.8
Southeast 22.3 0.9 239 - 472
Delta States 40.5 0.2 20.2 61.0
 Combelt 3060 2.1 39.8 348.0
Lake States 33.1 1.5 18.6 53.2
Northern Plains 183.7 0.1 6.6 - 1904
Southern Plains 53.2 0.4 235 77'1,
Mountain States 247.1 0.1 11.8 259.0
Pacific 356.8 0.7 396 397.2

Continental U.S. 1427.0 126 283.5 : | 1723.0
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TABLE 2: 1982 Model Base: Nonurban Nonpoint, Urban Nonpoint, Point
and Total Loadings: Total Kjeldahl Nitrogen (TKN)

"All data: 1000 tons/year

Nonurban Urban Point Total: All

Nonpoint Nonpoint ‘ Source Sources
Region . TKN | - TKN, | JTKN TKN
Northeast 256.5 21.5 339.0 617.0
Appalachian 563.2 43 118.5 686.0
Southeast 182.6 6.4 : 90.0 279.0
Delta States 2020 2.1 80.6 284.7
Comnbelt 1848.7 8.3 ‘ 216.5 2073.5
Lake States 334.1 5.1 123.8 463.0
Northern Plains 8271 08 291 - 857.0
Southern Plains ‘ 353.8 3.9 1040 - 4616
Mountain States 8444 0.6 " 40.0 © 885.1
Pacific © 5695 43 146.0 719.8
Continental U.S. 15981.8 ’ 512 12874 73265
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Southeast (approximately half of whose waters flow to the Gulf) about half of all phosphorus is from point
sources such as industries and municipal séwage plants. In the Northeast more than half of the Total
Kjeldahl Nitrogen is from point sources. These data are in sharp contrast with many other regions, which
receive most of their nutrients from nonpoint sources, primarily from agriculture. For éxafnple in the
Northem Plains, nearly all draining to the Gulf, over 96% of both nitrogen and phosphorus comes from
nonpoint sources. Agriculture is clearly a primary source of nutrients which eventually enter the Gulf of
Mexico.

With the assistance of the Center for Agricultural and Rural Development at Iowa State Urﬁversity
in providing us with estimates of changes in land use and changes in erosion, we were able to estimate
the impacts of specific policies or programs upon water quality parameters (e.g. loadings of total
phosphorus and TKN). The 1982 NRI was utilized as the baseline with the changes in cropping and
erosion estimated for government policies by CARD. These results are then used to estimate an updated
"base" for 1990, and the model is run for this 1990 base (Table 1, Appendix E). |

One part of the solution to erosion and water quality problems which has already been implemented,
is the Conservation Reserve Program (CRP) of the Food Security Act of 1985. Farmers are encouraged .
to set aside highly eredible cropland and to plant permanent vegetative cover on such land through a ten
year contract, with USDA making annual "rental payments" on the land. Assﬁming that 40 million acres |
of agricultural land are enrolled in the Conservation Reserve Program in 1990 (34 million acres were
enrolled by 1989), there has been a dramatic reduction in pollution in most regions of the United States
since 1982.¢ |

Over the past several years we have seen tremendous changes in the Conservation Reserve Program
including dramatic changes in eligibility requirements. These changes have resulted in changes in the

definition of highly erodible land as well as broadening of eligibility criteria to include filter strips,

‘ Lovejoy, S.B., I.J. Jones, B.B. Dunkelberg, J.J. Fletcher and P.J. Kuch. 1990. "Water Quality and
the Conservation Title.” In Implementing the Conservation Title of the Food Security Act of 1985,

Ted L. Napier (editor): Soil and Water Conservation Society, Ankeny, Iowa, pp. 122-132.




cropped wetlands and other acres that are not highly erodible but are deemed worthy of protection for
some other environmental amenity. We have accounted for these changes in the 1990 base.

Tables 3 and 4 show thé percentage changes from the 1982 base in phosphdrus and nitrogen loadings
for the "90 base," along with the estimated loadings for all sources. Note that only changes from
agricultural programs such as the Conservation Reserve Program are accounted for; changes for urban
nonpoint sources and point sources are not estimated at this time. Again, the regional variations are
noteworthy.

The Northeast (hardly relevant to Gulf studies) and the Southem Plains (all flowing to the Gulf) are
estimated to have higher water pollution from nutrients in 1990 than in 1982, as more land is put'iﬁto
production and cropping patterns may change to require more fertilization. The Cornbelt (nearly all
eventually draining into the Gult) and Lake States (slightly over half draining to the Guif) show very large
decreases in nutrient pollution from croplands, which in tum lead to decreases of more than 30% in these
pollutants from all sources in the Combelt, and more than 20% in the Lake States.

Policies which result in a reduction in nutrient pollution from agriculture, then, may have a large
impact on some regions but lead to little or no reduction of nutrients in water systems in other areas The
discussion which follows summarizes the 1990 estimated concentrations for the major river systems

flowing into the Gulf, from the Purdue Water Quality Model data.

Table 1, Appendix E: Purdue University Water Quality Model Summary For Gulf of Mexico Dginasze
Area

As a very general rule, the concentrations of nitrogen and phosphorus estimated in the Model’s

summary are slightl).' lower than the subregion summaries reported later from the STORET database. One

possible explanation is that STORET data includes samples which were taken by an agency specifically

because a problem was known to exist at or near a particular station; some of the STORET means, then,

may overstate the degree of nitrogen or phosphorus pollution over an entire region or subregion. It should

be noted again that the Water Quality Model’s 1990 "base” is updated from 1982. only for agricultural

14




/ L
changes in cropland and its erosion; no changes in point sources of pollution since 1982 are included.
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TABLE 3: ‘ : : |
Changes in Nonurban, Nonpoint & Total Phosphorus Loadings: 90 Base
(40 Million Acre CRP)

% Change From 1982 NRI Base

Total

Nonurban Phosphorus

Cropland Nonpoint All Sources: Estimated

Region TP TP Change Loadings'
Northeast +2;3% +15% +7% 147.7
Appalachian -23 -8 -6 142.8
Southeast -31 v -17 -8 | 43.4
Delta States -19 -12 -8 56.0
Cornbelt -45 -36 -32 236.5
Lake States -43 -36 ‘ -22 | 41.4
Northern Plains -13 -6 -6 178.5
Southern Plains +15 . +5 +3 79.6
Mountain States -17 -3 . -3 252.1
Pacific : -26 -3 -2 387.5

National Total -29% -12% -10% 1558.1

! 1000 tons/year
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TABLE 4: Changes in Cropland, Nonurban Nonpoint & Total Nitrogen -
(TKN) Loadings: 90 Base (40 Million Acre CRP) .

% Change From 1982 NRI Base

Nonurban - * Total Nitrogen
: Cropland Nonpoint All Sources: Estimated
Region TKN TKN "Change Loadings!
Northeast +28% - +14% : - +6% 652.7
Appalachian -23 -10 -8 632.5
Southeast -31 ' -15 | -10 251.1
Delta States -19 -13 ’ -9 ' 257.7

Combelt 45 35 3 14174
' Lake States 43 -33 24 351.8

Northern Plains ~ -13 g A 7990
Southern Plains +15 +5 +4 o 478.1
Mountain States . -17 . -3 -3 o 8606
Pacific -26 -3 -3 '} " | 700.5

National Total -29%

! 1000 tons/year




"River System 12" is comprised of the Kissimmee-Okeechobee-Caloosahatchie subsystem and the
Peace (FL)-Tampa Bay subsystem. (See Appendix D for a list of the USGS subregions comprising each
of the Model’s River Systems.) Using an arbitrary standard of 0.2 mg/L for total phosphofus in surface
waters (used throughout the remainder pf this section). all of the river miles in the Gulf river systems of
South Florida and the Peace River-Tampa Bay aréa of Florida, Subregiéns 0309 and 0310 respectively,

are estimated to be above the limit in phosphorus pollution. Note that phosphate production does take

place in some of these areas. See the summary for River System 12, Table 1, Appendix E. Using an

arbitrary standard of 1.5 mg/L for TKN (also used for the remainder of this section), the percent of river
system miles in these subregions with TKN above this standard decreases steadily through the seasons
from 100% in winter to 42% in the fall.

River System 13 encompasses USGS Subregions 0311, 0312 and 0313: the Suwanee, Ochlockonee
and Apalachicola systems. Using the 0.2 mg/L standard for phosphorus, the perceht of river miles not
meeting the standard increase:steadily through the year from 12% in winter to 57% in the fall. A 1.5
mg/L standard for TKN appears easier to meet in these subregions: 7% of river miles are esﬁ;nated to
be above the limit in winter, increasing seasonally to 24% in the fall in these subregions. See summary
for River System 13. | B

The Choctawhatchee-Escambia, Coosa-Alabama, Tombigbee-Mobile Bay, Pascagoula énd Péarl River
systems (USGS Subregions 0314-0318) comprise the Water Quality Model’s River System 14. A l‘zxfge
seasonal change in meeting the phosphorus standard is found, with 2% and 4% of river miles exceeding
the standard in winter and spring, respectively, but 42% and 44% in the summer and fall, respectively.
The TKN standard is estiﬁxated to be met by all miles of these rivers m the winter, but 13% of river miles
in Subregions 0314-0318 do not meet the TKN standard by the fall season. See summary for River
System 14. Note that diversion of some water from the Tennessee River system to the Tombigbee after
1982 is not accounted for in the Model.

The Model's "River System 18" includes most of Appendix E, Table 1’s data: The entire

Mississippi River system. All of USGS Regions 05, 06, 07, 08, 10, and 11 (the Ohio, Tennessee, Upper




Mississippi, Lower Mississippi, Missouri and Arkansas-White-Red Regions) are part of ‘the M1551ssxpp1
system. For the whole Mississippi sfstem stretching from western New York State and Pénnsylvahia to
western Montana to Louisiana, the 0.2 mg/L total phosphorus standard is n_oi met in 32% of all river miles
in winter, 19% in spring, 24% in summer and 27% in fall. The 1.5 mg/L TKN standard is by our
estimation not met for 23% of all river miles in winter, 13% in spring, 16% in summer and 18% in the
fall season. See summary for River System 18. |

A further perusal of the 1990 estimated concentrations for the nodes in the Mississipﬁ system
("River System 18" in Appendix E) indicates tendencies similar to the 1989 data from STORET. The
Upper Mississippi generally shows slightly higher concentrations of phosphorus (TP) and TKN fhan the
Lower Mississippi.. Some of the largest groups of nodes with very high estimated concentrations are in
the Missouri and Arkansas-White-Red systems, especially in a wide range of their middle féaches.
Compared to average concentrations for the entire Gulf drainage area, the Ohio system shows generaily
lower concentrations, especially for TP; and the Tennessee system'S estimated concentrations are genefally
lower than average for both TP and TKN. These results are generally consistent with data from the EPA
STORET data base, discussed later in this paper.

Four of the eastem subregions of the USGS Texas Gulf Region comprise the Water Quality Model’s
"River System 19", These are the Sabine, Neches, Trinity and Galveston Ba_y-San Jacinto Subregions
(1201-1204). In this combination of rivers it is estimated that 39% of the river miles do not meet the 0.2
mg/L standard for phosphorus in winter, but in summer 100% of the river miles are above that limit. In
Summer many of these miles may be nearly dry, increasing the concentrations of phosphorus from
previous runoff or from point sources. The percent of river miles failing to meet a 1.5 mg/L standard for
TKN is 17% in winter rising to 74% in summer, possibly for the same reason. See "Summary for River
System 19." |

| The Model’s "River System 20" consists of the seven western subregions of USGS Region 12. |
Included are all three Brazos River Subregions, both Colorado River of Texas Subregions including the

San Bernard Coastal area, the Central Texas Coastal and Nueces-Southwestern Texas Coastal Subregions
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(1205-1211). The Guadalupe and San Antonio Rivers and Corpus Christi Bay are also part of this system.
There is less seasonal variation in mid- to western Texas: 24% of river miles are estimated to exceed the
0.2 mg/L standard for phosphorus in winter, rising to 41% in the fall. 20% of river miles in this area are
estimated to fail a 1.5 mg/L standard for TKN in spring (21% in winter) with the highest percent of river
miles éxceeding the standard at only 29% in the fall season. See "Summary for River System 20."
The Rio Grande system, USGS Region 13, is the Model’s River System 21. While some high
individual concentrations are estimated, notably in the Pecos River and at a few Rio Grande nodes, only
13% of river miles are estimated to exceed the 0.2 mg/L. phosphorus standard in the summer. In this
system the winter months are estimated to have the most phosphorus, with 46% of river miles failing to
smeet the standard. (This does not appe#r to be consistent with 1§89 STORET data, but means are not
necessarily consistent with miles meeting a particular standard, an.d'1989 data during a drought in that
region may not be consistent with a 1990 estimation based on "average" years.) The TKN proposed
standard of 1.5 mg/L is exceeded by only 4% of river miles in the summer, rising to 42% 1n winter\. See

"Summary for River System 21."

Summary of Water Quality Model Estimates

The Water Quality Model’s estimations of total phosphorus (TP) concentrations for 1990 show that
nearly every major river system or group of smauer rivers would have at least one season of the year in
which at least 40% of its river miles exceed a 0.2 mg/L standard. The exception is the huge Mississippi
system, whose estimates of percent of river miles exceeding this standard range from 19% in the spring
to 32% in the winter season. The rivers and lakes of the westem Florida peninsula (River System 12)
show the highest percentages, with 100% of their river miles, exceeding the 0.2 mg/L standard in all
seasons.

With regard to Total Kjeldahl Nitrogen (TKN), all river systems have lower estimates of the percent

of river miles exceeding a 1.5 mg/L standard for TKN in most seasons. The Florida peninsula again is
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estim;ted to have a large percentage of river miles exceeding the standard, ranging from 24% of river
miles in summer to 100% in winter. The Gulf of Mexico rivers in Miésissippi and Alabama (River
System 14), on the other hand, are estimated to have few miles above the 1.5 mg/L standard, ranging from
0% in winter io only a 13% maximum in fall. The other river systems (except the eastern Texas Guif
rivers which have higher percentages), have much lower percentages of river miles exceeding the TKN
standard, less than 50% in their highest-percentage season. The Mississippi system’s percent of river miles

not meeting the standard ranges from 13% in spring to 23% in winter.

STORET Data: Quantities of Nitrogen and Phosphorus at Monitoring Stations

The Environmental Protection Agency’s STORET database and computerized management
information system provides thorough and timely water quality data for the U.S. It includes data which
.is comparable to that in the Wate.r Quality Model. With nearly 200 million parametric observations from
more than 700,000 monitoring sites, sampled primarily over the last twenty years, it includes data from
the U.S. Geological Society, EPA, state public health and environmental agencies, U.S. Forest Service,
TVA, Amy Corps of Engineers, and other intexﬁtate agencies. STORET includes data on many metals
and nutrients, including several different measures of phosphorus and nitrogen, some of which are
measured in only one or a few small surface water systems. We used only that data which is from an
actual sample, and is not "retired," i.e. a specific person at the reporting agency will vouch for its accuracy
at the time of the sample.

The most recent time period for which there is currently and consistently sufficient data to analyze
in STORET is the year 1989, which is analyzed by calendar quarters, closely equivalent to our seasons.
The terms "quarterly” and "seasonal” are used interchangeably in this report. Table 5 on pages 26-27,
Table 6 on pages 30-31, Table 7 on pages 36-37 and Tables A1-A10, B1-B10 and C1-C10 in Appendices
A, B ahd C represent summaries of the 1989 quarterly data for nitrogen and phosphorus by region and

subregion for USGS Water Resource Regions 05, 06, 07, 08, 10, 11, 12, 13, and part of 03, whose waters
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eventually flow into the Gulf of Mexico. See Figure 6, which consists of a continental U.S. map of USGS

Water Resource Regions.
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Figure 6. Continental UsS. Map of USGS Water Resource Regions.

23




1989 STORET Data for Gulf of Mexico Drainage Area

N B -

Concentration .
One of the more surprising observations about the 1989 STORET data on nitrogen and phosphorus :
concentrations is the laclc of any consistent seas'onal trend either among the Water Resource Regions orrﬁ
in the subregxons of most reglons Nonpomt sources of nutrients such as agncultural cropland runoff and
even urban runoff fmm stréets and large construction prOJects would be expected to be seasonal, w1th
more fertilizer applied in the spnng +as an example It is possrble that pomt sources of pollution from
industrial and -municipal plants st111 have the most’ mﬂuence on 0verall mtrogen and parucularly
phosphoms pollunon, at least in many smaller areas and even groups of subreglons Further analysrs of
v "y

seasonal txends (or: laclc thereof) is recommended.” o o | ¢ {

e s s N . . N

A second ﬁndmg is that samples in surface waters do not show i mcreasmg concentrations as' the nver

ot

P

system ﬂows downstream in several reglons, and i in most seasons In some regrons such as the Mtssoun )

l:, r ]

e~ River system (Regron 10) and the Lower M1ssrss1pp1 Rrver (Reglon 08) there 1s a slight increase in
’ phosphorus or mtrogen when travelmg downstream along some reaches, but 1t is not consistent throughout .

the system. In no reglon does ‘the rnost downstream subregion report the hrghest concentrauons of

1]

nitrogen and phosphorus in the regmn in even two seasons.

'I‘he Lower M1s51ss1pp1 Reglon (08) reports lower nutrient concent:rauons than ‘most of its consument |
parnts. It shows generally conslstently 1ower nutnent pollutlon than the Upper M1ss1551pp1 (Reglon 07)
the Missouri (Regron 10) and the ;Arkansas-thte-Red Rlvers (Regxon 11). The degradatlon of both~
nitrogen and phosphorus as they are transported downstream could provrde an explanauon of this. At least
in some seasons, sedtment-attached phosphorus, and. mtrogen to a lesser degree may have settled to the
riverbed as it flows downstream And the large water- volume with mput from cleaner tributaries, and
wide surface of the lower Mlsmssrppr R1ver 1tself with hrgher plant growth, may be factors in decreasmg

nutrient concentrations. ; R

An interesting regional comparison is found among the,’,Ohio._ River system (Region 05), the

-




Tennessee system (Region 06), and the Lower Mississippi (Region 08). The Lower Mississippi has
slightly higher concentrations of Total Kjeldahl Nitrogen (TKN) than the Ohio Region in all four seasons;
compafed to the Tennessee Region which flows into the Ohio just before they reach the Mississippi, the
Lower Mississippi shows approximately double the concentrations of TKN in all seasons, wiﬂ:ﬂ even more
difference in the fall. For phosphorus, however, the situation is generally reversed: the Lower Mississippi
has lower concentrations than the Ohio in winter, summer and fall and is lower in phosphorus than the
Tennessee in winter and fall. The higher concentration downstream only in the spring (or spring and
summer, for the Tennessee tributary system) appears reasonable: phospﬁorus attached to sediment may
be deposited soon after entering upstream waters in the summer, fall and winter in the Ohio, then picked
up and taken downstream to the Lower Mississippi during spring storms. For the Tenﬁessee, thg timing
of storms and transport time may extend the time for nutrients to reach the Lower Mississippi.

The Southeast and Texas Gulf Regions (03 and 12, respectively) are more difficult to analyzé in
terms of upstream-downstream trends. Neithgr of these regions, nor the Rio Grande system (Region 13)
reports a consistent seasonal or downstream trend, though many subregions in Regions 03 and 12 consist
of one smaller river system. The lack of trends may be the most important finding of this part of the
study.

Brief Interpretation of Table 5 - The Gulf of Mexico Drainage Area: Regional Comparison of
Ambient and Some Nonambient Concentrations’

The geographic area covered by the Gulf of Mexico drainage area extends approximately from the
Appalachians to the Rockies. South of the Appalachians, many rivers from Florida and Georgia also flow
west or southv?est into the Gulf. In the northem states, the Great Lakes system (USGS Region 04j and
the Souris-Red-Rainy area of northem Minnesota and North Dakota (Region 05) eventually flow north
to Canada and are not part of the Gulf systems. The data is presented quarterly for the year 1989, the

most recent time period with complete data. Means are weighted by the number of observations in each

" Nonambient samples are drawn directly downstream from a pollution source while ambient
samples should not be influenced by a particular source.
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Table 5

USGS Region Summaries: Mean Nitrogen and Phosphorus Concentrations
by Region

1989: All data in mg/L

Subregion Nutrient
03 TP?
Southeast (Gulf TKN
of Mexico River  OrgN
Systems Only) TOTN
05 TP
Ohio River TKN
System OrgN
06 TP
Tennessee TKN
OrgN
07 TP
Upper Miss TKN
OrgN
08 TP
Lower Miss TKN
OrgN
10 TP
Missouri River TKN
System OrgN
11 TP
Arkansas - TKN
Red - White OrgN
River System TOTN
12 TP
Texas Gulf TKN
OrgN

Winter

.336 (756)
1.111 (625)
.808 (214)
1.062 (98)

.290 (847)
674 (582)
*

451 (130)

450 (72)
1.690 (44)

414 (1168)
1.771 (551)
1.033 (53)

.196 (1016)
.856 (681)
E

1.665 (955)
1.929 (434)
889 (9

728 (911)
3.256 (553)

- 5.335 (134)

8.244 (242)

730 (572)
1.003 (403)
£
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Spring

306 (713)
1.301 (699)
888 (197)
1311 (46)

.135 (1395)
.618 (1259)
%k

.130 (385)
471 (146)
.325 (302)

347 (2575)
1.429 (1347)
1.576 (194)

.187 (1014)
901 (699)
*

.358 (1359)
1.398 (642)
*

.631 (1064)
2.391 (589)
2.817 (197)
6.261 (223)

279 (453)
.747 (358)
*

Summer

222 (607)
1.138 (641)
982 (177)
*

255 (2074)
.682 (1847)
: *

081 (572)
421 (136)
.239 (490)

484 (3089)
1.623 (1421)
1.413 (235)

.188 (988)
.850 (637)
*®

1.697 (1600)
5.328 (881)
*

535 (1205)
1.889 (654)
3.118 (120)
3.345 (203)

436 (391)
911 (438)
*

Fall!

.176 (420)
.745 (366)
780 (112)

*

331 (896)
706 (645)
*

250 (54)
.282 (94)
1.268 (5)

444 (1022)
1.105 .(588)
.638 (46)

.182 (626)
763 (531)
£ 3

407 (587)
1.526 (201)
*

1.305 (520)
3.505 (343)
4.235 (120)
8.815 (144)

755 (148)
.809 (148)
*




Table 5 (continued)

Subregion Nutrient Winter Spring Summer | Fall!
13 TP? ' .158 (88) .288 (188) 557 (101) 337 (29)
Rio Grande TKN .678 (61) 1.231 (183) 1.185 (99) 672 (29)
System OrgN 240 (21) .630 (150) 418 (57) 328 (6)

TOTN "1.656 (17) 1.695 (140) 2.022 (57) 513 (6)
Entire U.S. TP 609 (6443) 315 (9146) .562 (10627)  .463 (4302)
Gulf of Mexico TKN 1.454 (3962) 1.201 (5922) 1.679 (6754) 1.174 (2945)
Drainage OrgN 2.169 (475) 1.181 (1040) .946 (1079) 2.191 (289)

* No samples taken
() = Number of samples

! Winter runoff: January 1 - March 31 2 TP = Total Phosphorus
Spring April 1 - June 30 . TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31 TOTN = Total Nitrogen
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quarter, for each region or subregion. As expected, nutrient concentrations are highly variable among the
regions; however, no consistent sea_sonal'trends appear. |

Total Kjeldahl Nitrogen is measured by the Kjeldahl method, one most commonly used for
converting combined forms of nitrogen to ammonia. The majority of nitrogen compounds are amenable
to the Kjeldahl method, except such ring structures as pyrazolones, diazines and triazoles (H.D. Drew,
"Determination of Total Nitrogen"). Organic nitrogen is generally those compounds which are degraded
from nitmgen-contﬁning living organisms ‘inclﬁding urea, uﬁc acid, amino acids and others; it méy include
some ammonia, but excludes such compounds as nitrites and nitrates.

The mean for total phosphorus varied from a low of .081 milligrams per liter (mg/L) in th,e. summer,
in the Tennessee River Region, to a high of 1.697 mg/L in summer in the Missouri River system. Total
Kjeldahl Ni&ogen (TKN) ggidnd means ranged from .282 mg/L in the fall season in the Tennessee
system, to 5.328 in the summer in the Missouri Region. Organic nitrogen means were found as low as
.24 mg/L in both the Tennessee Region in the summer and the Rio Grande Region in the winter. The
high mean for organic nitrogen was 5.335 mg/L in winter in the Arkansas-White-Red tributary system of
the Mississippi River’.

It should be noted that not all regions measure organic nitrogen, and in many regions both TKN and
organic nitrogen are not measured in all subregions. Attention should also be called to the fact that some
regional and subregional means may be influenced by one or a few extremely high readings from
individual samples, as will be noted in the descriptions of each region’s data.

Brief Interpretation of Table 6 - The Gulf of Mexico Drainége Area: Regional Comparison of
Ambient Concentrations Only

When data sarhples are strictly limited to ambient data only, mean seasonal concentrations change
very little in many USGS regions. A few regions, however, show large decreases in nutrient
concentrations or some individual quarterly means which are much lower than the corresponding means

* Measurements of total nitrogen are made in too few regions to provide a basis for comparison, though
the means are shown in the tables for those regions in which some subregions reported it.
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in Table 5. Region 03 (partial Southeast Region) means are generally very nghtly lower for total
phosphqms and Total Kjeldahl Nitrogen, while organic nitrogen means, where data are available, are
identical.v In regions 05, 07, 08 and 10 the seasonal means generally show small decreases when compared
with Table 5, with some nitrogen means showing no change. Ambient data excludes any data collected
at waterway points such as those near industrial or municipal o;xﬂet pipes.

In the Tennessee River system (Region 06), the winter means for phosphorus and organic nitrogen
and the fall mean for organic nitrogen, are much lower than those which included some non-ambient
sampling. All seasonal TKN means in the Tennessee area are identical to those in 'fable 5, and all other
means are slightly lower than thése which included some nonambient data. All Region 11 (Arkansas-Red-
White) seasénal means are much lower when all nonambient data are excluded; this region’s waters still
have somewhat higher concentrations of nutrients than those of several other régions, but these differences
are much smaller. In Region 12, the Texas Gulf Region, all quarterly means are identical to those in the

| previous table; in other words, no nonambient sampleé were included before. The Rio Grande system's
data shlow large decreases from those in Table 5 in all spring and summer means, with fall means showﬁg
no change and winter means slighﬂy lower for phosphorus and TKN and mﬁchv lower for organic nitrogen.

Across the Gulf of Mexicé drainage area, ambient mean concentrations for total phosphorus ranged
from .070 mg/L in the Tennessee River system in the summer, to 1.641 mg/L in the Missouri River
system, again in the summer. Regional TKN means varied from a low of .282 mg/L in the fall in the
Tennessee Region, to 4.853 mg/L in the Missouri Region in summer. The lowest organic nitrogen mean
;was .155 in winter in the Rio Grande Region; the highest was 1.576 mg/L in the Upper Mississippi system
in the spring. Again, We must point out that organic nitrogen measurements were not reported in some
entire regions.

It is interesting to compare annual average ambient concentrations of the two most widely reported
nutrients, computed as an arithmetic average of the four seasbnal means. (These averages are not shown
in the table.) The Tennessee Region still appears to have the lowest concentrations, with annual average

phosphorus of .128 mg/L. and TKN of .406 mg/L.. The Lower Mississippi Region is not far behind in
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Table 6

USGS Region Summaries: Mean Ambient Nitrogen and Phosphorus
Concentrations by Region

1989: All data in mg/L

Subregion

03
Southeast (Gulf

of Mexico River

Systems Only)

05
Ohio River
System

06
Tennessee

07
Upper Miss

08
Lower Miss

10
Missouri River
System

11 _
Arkansas -
Red - White
River System

12
Texas Gulf

Nutrient

TP?
TKN

- OrgN

TOTN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TOTN

TP
TKN
OrgN

Winter

337 (766)
1.106 (630)

.808 (214) .

1.062 (98)

268 (845)
599 (585)
%k

.187 (113)
450 (72)
385 (33)

.396 (1160)
1.758 (549)
1.033 (53)

.196 (1016)
.856 (681)
*

1.630 (953)
1.929 (434)
543 (D)

.301 (794)
1.129 (435)
486 (20)
2.016 (124)

730 (572)
1.003 (403)
#*

30

Spring

305 (713)
1.298 (704)
.888 (197)
1.311 (46)

.130 (1404)
.549 (1278)
%*

.084 (381)
471 (146)
.260 (298)

.286 (2566)
1.419 (1344)
1.576 (194)

.187 (1014)
901 (699)
*

.335 (1346)
1.341 (635)
*

274 (964)

1.007 (499)
464 (112)
1.031 (132)

279 (453)

.747 (358)
%*

" Summer

219 (615)
1.131 (641)
982 (177)
%

.206 (2068) .

.649 (1843)
*

.070 (569)
421 (136)
.228 (488)

.350 (3074)
1.587 (1408)
1.418 (234)

.186 (1021)

.828 (669)
*

1.641 (1569)

4.853 (856)
%*

429 (1153)
1.296 (619)

1.342 (89)

1.434 (176)

436 (391)
911 (438)
*

Fall'

.180 (427)
739 (371)
780 (112)

*

.309 (916)
.697 (670)
*

172 (85)
282 (94)
380 (12)

.394 (1012)
1.104 (591)
.638 (46)

179 (714)
711 (606)
*

418 (562)
1.526 (201)
%

526 (423)
1.433 (248)
496 (32)
1.597 (49)

755 (148)
.809 (148)
%k




Table 6 (continued)

Subregion Nutrient Winter | Spring Summer : Fall!
13 . TP? .154‘(86_) .126 (180) .259 (92) 337 (29)
Rio Grande TKN .580 (59) .553 (175) .783 (90) 672 (29)
System OrgN 155 (19) 294 (142) 305 48) 328 (6)

TOTN 637 (15) 687 (132) .644 (48) 513 (6)

* No samples taken
(') = Number of samples

! Winter runoff: January 1 - March 31 ‘ 2 TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen

= Total Nitrogen

Fall October 1 - December 31 . TOTN
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phosphorus with an annual average of .187 mg/L, and most regions’ annual average phosphorus is below
.5 mg/L. The highest annual average phosphorus mean is clearly in the Missouri Region, at 1.006 mg/L;
the second highest is far 10\'Jver, at .550 in the Texas Gulf Region. For Total Kjeldahl Nitrogen the next
lowest annual average concentrations are .624 mg/L in the Ohio Region and .647 mg/L in the Rio Grande
Region. The highest annual average TKN concentrations are 2.412 mg/L again in the Missouri system,
and 1.556 mg/L in the Upper Mississippi system. As expected, annual averages have somewhat less
variation than seasonal means though concentrations measured in the Missouri system are still at least six
times as high as those in the Tennessee Region.

We have seen the areas of the Guif of Mexipo drainage basih which tiave higher or lower
concentrations of nutrients in their waterways. This information is important for determining regions or
smaller subregions (see Appendices A and B), perhaps far upstream of the Gulf itself, which merit closer
scrutiny. The specific causes of high concentrations will eventually need to be located; these are the
places most likely to be able to be "cleaned up" to reduce nutrient pollution in waterways flowing into
the Gulf. Those areas with very low concentrations may be close to "background levels" or naturally
occurring levels of nitrogen and phosphorus, wﬁere further reductions in nutrients will be difficult to
achieve.

While concentrations of a pollutant indicate the water quality in a specific region relative to other
regions, they do not account for different quantities of water and pollutants which are transported to
downstream regions and ultimately to the Gulf of Mexico. To discover how much nitrogen or phosphorus
actually flows into the Gulf of Mexico from the many waterways'feeding into it, we now turn to the data
from Table 7 on nutrient loadings, which account for not only the nutrient concentrations but the amount
of water flowing downstream.

Loadings

These loadings were calculated from STORET data showing the average record concentration and

average record flow rates for each hydrolized unit. However, the flow and concentration parameters often

came from different samples. There were relatively few STORET data points containing both flow and
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concentration values. While this would certainly raise questions about the loading estimates, the purpose

of this analysis is not to furnish point estimates, but rather to compare regions relative to each other.

Table 7 - The Gulf of Mexico Drainage Area: Reg;v ional Comparison of Ambient Nutrient Loadings

When we analyze data on loadings of specific nutrients we see a somewhat different picture from
that which appeared in the analysis of concentrations. There is still considerable variation between regions .
and in some cases, ‘among the subregions of a given region (see Appendix C). However, those regions
and subregions which had the higher concentrations in the previous discussions do not necessarily
contribute the largest loadings or actual amounts of nutrients to the waterways flowing into the Guif of
Mexico. |

Among all of the USGS regions whose waters eventually flow into the Gulf, the highest mean
loadings of total phosphorus in 198§ are found in the Ohio River system (Region 05): mean phosphorus
loadings of 84856 pounds peé day (Ibs/day) in ﬂle winter season. The next highest seasonal means.are
50621 1bs/day in spring, again in the Ohio Region, and 41987 1bs/day in the fall in the Lower Mississippi
Region. Ihe lowest quarterly mean phosphorus loadings come from the Rio Grande system (Region 13):
176 1bs/day in the fall season. The next lowest phosphoms means are 229 lbs/day in spring, again in the
Rio Grande, and 237 Ibs/day in the spring in the Tennessee River system, Region 06.

We must note that the Missouri River systein (Region 10) md the Aﬂcansas—ked-WMté system

~ (Region 11), which generally had some of the highest concentrations of phosphorus, have relatively low

loadings of the same nutrient once the flow of water is taken into account. An annual arithmetic average
of the seasonal phosphorus means in the Missouri system is only 1436 lbs/day, and that for the Arkansas- -
Red-White system is 4007 Ibs/day. Their contribution to loadings in the Lower Mississippi and the Gulf
is quite small; see the later discussion of the Mississippi system. The Tennessee system (Region 06) still
does average very small amounts of loadings in most seasons (note the very small number of samples in
the fall season throughout the entire region). And even the Upper Mississippi and its tributaries (Region

07) average relatively small actual amounts of phosphorus heading to the lower Mississippi River and the -
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Gulf of Mexico. The Southeast (Region 03) waterways flowing into the Gulf, and the Texas Gulf river
systems (Region 12), also have relatively small mean daily loadings of phosphorus.

Regarding Total Kjeldahl Nitrogen (TKN), the mean seasonal loadings for entire regions in 1989
ranged from a low of 627 lbs/day in the fall in the Rio Grande (Region 13) to a high of 904,023 1bs/day
in the winter in the Lower Mississippi (Region 08). Other very low seasonal means are 756 1bs/day in
the summer in the Tennessee River system (Region 06) and 902 lbs/day in the fall in the Texas Gulf
Region. Additional very high mean loadings of TKN are 329,792 ibs/day in the spring, again in theLower
Mississippi region, and 153,703 Ibs/day and 152,129 Ibs/day in winter and spring, respectively, both in
the Ohio River system (Region 05).

Organic nitrogen loadings are measured in relatively few regions and seasons, particularly when one
considers the low number of samples, (shown in parentheses in Table 7), included in many of the means.
The highest seasonal "mean" of 67,798 lbs/day is based on only one measurement, in the fall in the
Tennessee River system (Region 06). The lowest seasonal mean of .5 lbs/day is for only four
measurements, in the fall in the Southeast (Region 03) rivers flowing to the Gulf of Mexico.

The loading measurements detailed above in Table 7 are means for entire USGS regions, useful for
determining the broad areas producing higher amounts of nutrient pollution. Appendix C details thé
variations among subregions within these regions, from which one can poiﬁt to ﬁwre specific areas of
concern. To see how much phosphorus and nitrogen are actually entering the Gulf of Mexico, however,
we must tumn to the "Lowest Subregions” énalysis in Table 8 and Table 9. These are the subregions which‘
actually border on the Gulf, and whose nutrients are presumably being input into the Gulf during the same
season of record or very soon thereafter. The "Lowest Subregions" were chosen because, as much as one
would be interested' in further study of the most downstream Accouming Unit or Catalog Unit, there
simply is not a consistent amount of data available for these smaller units across four seasons. Subregions
are the smallest units for which data for all seasons in nearly every subregion exists. Total t)hosphorus
and Total Kjeldahl Niuogen loadings data are analyzed. The apparent difference between Table 7 and

Table 8 result from Table 7 utilizing all samples within a hydrologic region whereas Table 8 reports data
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only from the lowest sampling poiht. There are also differences in the number of samples. Some points

in Table 8 have very few samples.
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Table 7

USGS Region Summaries: Mean Ambient Phosphorus and Nitrogen
Loadings by Region

1989: All data in Ibs/day

Region

03
Southeast (Gulf

of Mexico River

Systems Only)

05
Ohio River
System

06
Tennessee

07

Upper
Mississippi

08
Lower
Mississippi

10
Missouri River
System

11

Arkansas -
Red - White
River System

12
Texas Gulf

Nutrient

TKN
OrgN

Winter

4315 (180)
13197 (90)
E

84856 (281)
153703 (249)
%*

2816 (8)
9502 (4)
14025 (2)

5670 (276)
40311 (199)
250 (1)

5158 (192)
904023 (26)
i

2148 (426)
5606 (311)
111 (3)

5775 (196)
26267 (117)
( %

1845 (199)
3598 (171)
&
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Spring

2295 (170)
11345 (100)
8 (14)

50621 (311)
152129 (270)
%*

237 (37)
1169 (33)
107 (3)

5017 (440)
61588 (218)
6161 (10)

19097 (246)
329792 (37)
*

1006 (541)

5288 (401)
*

5488 (187)
32327 (124)
%

2409 (183)
12000 (160)
*

Summer

1364 (169)
3983 (92)
6 (22)

9806 (333)
37560 (312)
- *

777 (22)
756 (20)
20581 (5)

7451 (293)
44435 (195)
40 (9

15455 (185)
144973 (25)
%*

2209 (339)
10671 (216)
*

3687 (118)
14924 (128)
%

1689 (168)
6736 (171)
%*

Fall'

1538 (111)
5829 (28)
S @

10742 (128)
48096 (118)
*

14070 (4)
5717 (1)
67798 (1)

1450 (133)
8823 (109)
86 (3)

41987 (16)
133620 (15)
*

379 (146)
1760 (103)
*

1078 (30)
3963 (54)
*

696 (90)
902 (74)
*




Table 7 (continued)

Region Nutrient Winter Spring Summer - Fall
13 TP? 345 (37) 229 (30) 829 (38) 176 (26)
Rio Grande TKN 1243 (31) 1231 (30) 2554 (38) 627 (24)
System OrgN , * * * S *

-* No samples taken
() = Number of samples

Winter runoff: January 1 - March 31 2 TP

! _ = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31
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Tables 8-9: Lowest Subregions’ Mean Loadings of Phosphorus and Nitrogen

There is a huge variation in nutrient loadings for those subregions adjacent to the Gulf of Mexico,
as we found across regiofls and acrossv subregions even thtun the same USGS region. As one would
expect, by far the highest loadings of both phosphorus. and nitrogen are found in the waters of the Lower
Mississippi and the Atchafalaya. Each of these subregions has higher nutrient loadings than the sum of
all others. |

The highest mean seasonal phosphorus loadings are found in the Lower Mississippi River in winter
and spring at 308,804 1bs/day and 301,958 lbs/day respectively. The Atchafalaya’s loadings are not far
behind in some seasons. Subregions which apparently send very little phosphorus into the Gulf from their
river systems, at least in most seasons, include the river systems 6f South‘ Florida (Partial Subregion 0309)
which flow into the Gulf, with a maximum of 102 lbs/day in summer (though it should be noted that no
data was collected in the fall); Subregion 1211 in the Nueces area of Southwestern Texas, with a
maximum seasonal mean of 83 lbs/day in the fall; and the Lower Rio Grande with a maximum quarterly
mean of 271 lbs/day in winter. Many other river systems consistently send far less than 1,000 1bs/day of
phosphorus to the Gulf. The highest seasonal phosphorus loadings into the Gulf from outside the
Mississippi system are found in the wintertime in the Tombigbee-Mobile Bay area at 30,551 1bs/day.

For Total Kjeldahl Nitrogen the highest seasonal means are also in the Lower Mississippi River in
the winter and the spring, with loadings of 1,715,000 1bs/day and 1,632,000 lbs/day respectively. Again
the Atchafalaya River, with some flow from the Mississippi diverted to it above these two subregions, also
has TKN loadings far exceeding the sum of the loadings from all Guif-adjacent subregions east and west
of Region 08. Subregions which sent very low amounts of TKN into the'Gulf from their river systems
in 1989 include the Peace River-Tampa Bay area (subregion 0310) with maximum mean loadings of 557
1bs/day in the winter; subregion 1210 on the Central Texas Coast with a maximum seasonal mean of
1,205 1bs/day, also in winter; and once again the Nueces River area of Soutﬁwestem Texas with maximum
seasonal mean loadings of 1,421 Ibs/day in the fail. The highest mean seasonal TKN loadings outside of

the Mississippi-Atchafalaya region were 82,949 lbs/day in the Sabine River outlet in Eastern Texas
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Table 8 |

"Lowest Subregions": Mean Ambient Phosphorus and Nitrogen Loadings
for USGS Subregions Adjacent to the
Gulf of Mexico '

1989: All data in lbs/day

East-to-West

USGS | |
Subregion Nutrient Winter Spring Summer 7_ Fall!
0309 (Partial). TP? 51 (3) 57 (4) 102 (4) *
South Florida TKN 1854 (3) 1355 (4) 747 (4) *
0310 TP 207 38) 136 (26) 353(17) 5(2)
Peace - TKN 557 (39) - 143 (24) 399 (16) 122 Q)
Tampa Bay ’

- 0311 TP 343 (23) 444 (22) 477 (22) 387 (19)
Suwanee TKN 1796 (6) 3401 (5) 4979 (4) 50:18((3)
0312 TP 350 (1) 10401 881D 396 (9)
Qchlockonee TKN 1417 (3) 6%20 k(2) 379 () 670 '(2)
0313 ‘ - TP 2283 (35) 3944 (35) 2659l(37) 3536 (36)
Apalachicola TKN 13038 (8) 28226 (9) 8416 (7) 19830 . (6)
0314 TP 973 (4) 1 (6) 373 4 690 (4)
Choctawhatchee TKN 11261 (4) 50 (13) 1433 (10) - 8344 (3).
- Escambia '

03153 TP 3792 (47)° 3192 (46)° 1620 (56)° 846 (35)°
Cona-Alabama TKN 23896 (14) 19459 (27) 6621 (31) ‘265 )
0316 TP - 30551 (16) 5360 (14) 770 (16) 11 (6)
Tombigbee - TKN 71003 (9) 25965 (10) 3377 (15) 64 (3)
Mobile Bay ’

0317 TP 1209 (2) 1047 (4) 822 (1) *
Pascagoula TKN . 6881 (3) 11387 (4) ; 2941 ) *




Table 8 (continued)

Subregion NNutrie Winter © Spring Summer Fall!
‘ot
0318 TP? 250 (1) 548 (2) 231 (1) *
Pearl TKN 1877 (1) 5483 (2) 1384 (1) *
Total: TP 36307 12577 6668 [50257°
Region 03 TKN 109684 82230 24055 [34048]
Gulf River
Systems
0809: Lower TP 308804 (2) 301958 (3) 114467 (2) 191674 (3)
Mississippi R. TKN 1715000 (2) 1632000 (3) 572763 (2) 774006 (2)
0808: Louisiana TP 200640 (10) 130900 (12) 76923 (10) 95470 (1)
Coastal incl. TKN 1031000 (5 570777 (6) 204154 (5 445525 (1)
Atchafalaya
Total: TP 500444 432858 191390 287144
Region 08 TKN 2746000 2202777 776917 1219531
Flow to Gulf '
1201 TP 1418 (5) 2786 (4) 4705 (4) 282 (3)
Sabine TKN 13560 (5) 22156 (4) 82949 (4) 1586 (3)
1202 TP 3724 (10) 1526 (7) 2918 (5) 3908 (4)
Neches TKN 16282 (8) 59510 (7) 50844 (5) 5426 (3)
1204 TP 1309 (51) 2465 (11) 368 (50) 496 (4)
Galveston Bay - TKN 3710 (34) 6595 (9) 520 (50) 664 (4)
San Jacinto
1207 ’ TP, 148 (8) 442 (9) 845 (9) 666 (4)
Lower Brazos TKN 214 (7) 3892 (10) . 3853 (8) 1157 (3)
1209: Lower - TP 861 (31) 517 (43) 293 (12) 536 (19)
Colorado - San TKN 2921 (32) 3339 (42) 1006 (19) 1318 (19)
Bernard Coastal '
1210 TP 1793 (28) 1221 (39) 751 (33) 870 (24)
Central Texas TKN 1205 (28) 1014 (30) 260 (34) 258 (19)

Coastal




Table 8 (continued)

Subregion Nutrient Winter - Spring ‘ ’Summer. : Fall'
1211: Nueces - TP 11 (3) 52 (11) Cs56(3) - 83(4)
Southwestern TKN 55(7) 1170 (5) = 301(5) 1421 (2)
Texas Coastal ' -

Total: TP 9264 9009 9936 6841

Region 12 TKN 37947 97676 139733 11830

Flow to Gulf :
1309 TP 271 (2) 47 (3) 53 (1) 171 )
Lower Rio TKN 5630 (2) 592 (3) 740 (1) . 1248 (2)
Grande :

* No samples taken
() = Number of samples

! Winter runoff: January 1 - March 31 2 TP = Total Phosphorus .
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30

Fall October 1 - December 31

Subregion 0315 does not flow directly into the Gulf of Mexico; it flows into the Tombigbee
system (subregion 16) a short distance north of Mobile Bay. This data is not included in the
total for Region 03. It is included in Table 8 only because it obviously contributes the major
proportion of the nutrient pollution to subregion 0316 in most seasons. " :

The total for the fall is incomplete, as some subregions had no measurements in the fall. It
is included and should be interpreted as a minimum amount.




Table 9

Regional Summary of Nutrient Loadings for "Lowest Subregiohs":
Subregions Adjacent to the Gulf of Mexico

1989: All data in lbs/day; % of total loadings

Region/Primary
States or Rivers  Nutrient Winter Spring Summer Fall!
03/FL/AL/ TP? 36307. 7% 12577: 3% 6668: 3% {5025: 2%)
MS Coast TKN 109684: 4% 82230: 3% 24055:; 3% {34048: 3%]
08/LA: TP 509444: 92% 432858: 95% 191390: 92% 287144: [96%]
Mississippi R/ TKN 2746000: 95% 2202777: 2% 776917: 83% 1219531: [96%]
Atchafalaya
12/TX TP 9264: 2% 9009: 2% 9936: 5% 6841: [2%]
Coast TKN 37947. 1% 97676: 4% 139733: 15% 11830: [1%]
13/Rio TP 271: 0% 47: 0% 53: 0% 171: 0%
Grande TKN 3630: 0% 392: 0% 140: 0% 1248: 0%
Total: All USGS TP 555286: 100%° 454491: 100% 208047: 100%  [299181: 100%]®
subregions TKN 2899261: 100%  2383275: 100% 941445: 100% [1266657: 100%]
adjacent to Gulf :
of Mexico
! Winter runoff:  January 1 - March 31 2 TP = Total Phosphorus

Spring April 1 - June 30 "TKN = Total Kjeldahl Nitrogen

Summer July 1 - September 30 '

Fall October 1 - December. 31

3

The total for Region 03 in the fall season is incomplete, as no data was collected for a few subregions.

Columns may not add to exactly 100% due to rounding.
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(subregion 1201) in the summer and 71,603 Ibs/day in the winter in the Tombigbee-Mobile Bay area. The
Neches Riv;ar area (subregion 1202) also had some high TKN loadings.

Table 9 presents the summary of loadings from Gulf-adjacent subregions by region, aﬁd their estimated
pefcentage contributions to the total loadings of phosphorus and nitrogen into the Gulf of Mexico. Even
with this degree of summation it is apparent that while there are w1c{i%e seasonal variations, these seasonal
variations are not consistent across regions.

As was previously indicated, the Mississippi River-Atchafalaya system accounts for the vast majority
of nutrients entering the Gulf. More than ninety percent of total phosphorus loadings are attributable to
it in each season of 1989. (As noted in foomote 3 of Table 9, the fall season totals for Region 03 should
be interpreted as minimum amounts; the percentages for other regions in the fall season should therefore
be interpreted as maxima. Howéver, it is extremely unlikely that the addition of data from these few
subregions of Region 03, all of which had very small phosphorus loadings in the other three seasons,
would lower the Mississippi-Atchafalaya contribution to loadings into the Gulf to 90% or less.)

The seasonal loadings from the Flprida/Alabama/stat_e of Mississippi coast contribute seven percent
or less of the phosbhoms entering the Gulf of Mexico, the maximum being in the winter. The annual
average is less than 4%. The Texas coast subregions contribute no more than five percent of phosphoﬁs
loadipgs to the Gulf in any one season; its annual average is less than 3%. The Rio Grande's seasonal
mean phosphorus loadings never approached one-half of one percent in 1989. Unless authorities along
the kio Grande were to decide 'to lower water levels in its reservoirs all at the same time, these reservoirs
appearing to trap somewhat higher nutrient levels from upper reaches, the Rio Grande doeé not at this time
present a nutrient threat to the Guif.

Total Kjeldahl Nitrogen loadings into the Gulf of Mexico also enter largely from the Mississippi and

| Atchafalaya rivers. Approximately five-sixths of the TKN entered from these subregions in the summer
of 1989, and more than ninety percent in all other seasons. (The comment regarding Region 03’s missing

data in a few subregions for the fall season applies to TKN as well as to phosphorus.) Outside of Region




08, only the summer TKN loadings from ’part of the Texas coast would appear to warrant further study,
as will be discussed below.

TKN loadings from the Gulf coastline of the states of Florida, Alabama, and Mississippi contributed
a maximum of four percent of the total Guif loadings in any season of 1989, the maximum being during
the winter season. The annual avig;-age was only three percent. Seasonal TKN loadings from the Texas |
coast varied greatly, from ll;,830 lbs/day or one percent of the total loadings in the fall to 139,733 Ibs/day
in the summer, or fifteen percent of total Gulf loadings during this season. Nearly all of the Texas coast
loadings of TKN in summer came from only the two easternmost subregions in Texas: the Sabine and
Neches valleys. Each of these two means, it should be noted, is based on few measurements. The annual
average TKN loadings from the Texas coast still contribute only five percent of all Guif loadings, as they
are quite a small percentage in all other seasons. The Rio Grande’s TKN loadings into the Gulf are again
insignificant relative to those from other areas.

Total loadings of phosphorus into the Gulf of Mexico from all subregions adjacent to the coast
ranged from a seasonal low of 208,047 Ibs/day in the summer to 555,286 Ibs/day in the winter, for an
average of more than 379,000 lbs/day in 1989. Total seasonal mean TKN loadings into the Gulf varied
from 941,445 lbs/day in the summer to a high of 2,899,261 Ibs/day in the wiht’er in 1989; the annual
average was more than 1,872,600 Ibs/day. These annual averages can be translated to 190 tons per day
of phosphorus and 1,450 tons per day of Kjeldahl Nitrogen entering the Gulf of Mexico from the surface
waters of the United States.

We have now looked at the total loadings into the Gulf of Mexico, and their immediate sources
along its coast. Since such a high proportion of nutrients comes from the Mississippi system, its
components obviously deserve some further analysis. Unfortunately, complete data for all of the most
downstream subregions of each tributary river system comprising this vast system is available for only the

spring and summer seasons.
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Table 10: Relative Contributions of Mississippi River System Tributary Systems or Regions l

Table 10 summarizes the relative c:ontributions to the Lower Mississippi-Atchafalaya Rivers’ loadihgs
of total phosphorus and TKN, for the various systems comprising the entire Mississippi system. It should
be noted first that the proportional contributions do not add to 100%, for a variety of reasons. "I'he Upper
Mississippi loadings include those from the Missouri system, and the Ohio system’s loadings include the
Tennessee’s contribution, small though it may be. Some of the phosphorus or TKN dissipates as it flows
downstream, at potentially widely yarying rate due to temperatures, turbulence and flow rates. There are
time lags from sediment attached nutrients, and plant uptake of nutrients varies seasonally. And additional
nutrients enter the surface waters in the Lower Mississippi region itself; this factor was especially apparent
for the ‘spring season in 1989. Many operations involving various chemicals are located along or near the
lower Mississippi River. |

Nevertheless, seasonal differences in the relative contributions of Mississippi "tributary” systems are
of interest. The greatest flows of water into the Lower Mississippi come from the Upper Mississippi and
the Ohio regions, each of which has large amounts of agricultural activity as well as many large
population ceilters. In the spring the Upper Mississippi coimibutes only hpproximately 10% of the
phosphorus and 21% of the TKN found near the mouths of the Mississippi-Atchafalaya outlets, but in the
summer season this rises to approximately 88% and 76% respectively. Conversely, the Ohio system‘has
larger contributions in the spring: approximately 62% of the phosphorus and 28% of the TKN falling to
about 17% for phosphorus and 14% for TKN in the summer. The Tennessee subsystem of the Ohio, and
the Arkansas-Red-White river systems, contribute very low proportions of nutrients to the Lower
Mississippi in any season. The Missouri system contributes very litile of either nutrient in the spring, but

about a quanér of the phosphorus and of the TKN in the summer.
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Table 10

Relative Contributions of Mississippi River System Components to Nutrient
Loadings Entering the Gulf of Mexico from the Lower Mississippi River and
the Atchafalaya River

All Proportions Calculated from 1989 Data

Spring_ ‘ Summer’

Most- TP TKN TP TKN?
River Downstream
System Subregion #
Missouri 1030 .03 04 26 .24
Tennessee 06043 .003 001 o *
Ohio 0514 62 28 17 14
Upper Mississippi* 0714 .10 21 .88 .76
Arkansas-Red- 1114 .02 .01 .03 .005
White

* Less than .0005

Spring runoff: April 1 - June 30
Summer runoff: July 1 - September 30

2 TP = Total Phosphorus
TKN = Total Kjeldahl Nitrogen

Subregion 0604 flows into the Ohio River in the downstream reaches of subregion 0514.
Includes flow from Missouri River system.
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Summary and Discussion

Data from both the Purdue Water Quality Model and the U.S. Environmental Protection Agency’s
STORET database confirm the lack of any consistent seasonal trend in nutrient concentrations or loadings,
among the overall regional means and among the subregions Qithin a given regioln. A priori theories
would suggest that nutrient sources such as cropland runoff, construction runoff and urban gardening
runoff would be seasonal, but at least in 1989 these sources are apparently negated by opposite seasonal
trends in other sources in many regions and subregions. There are wide variations in nutrient
concentrations and loadings within most subregions, but these variations are quite inconsistent across
. subregions. |

Secondly, nutrient concentrations do not generally increase as a river system flows downstream.
Some slight trends appear for a few subregions within one region, but the tr’end‘then disappears faﬁher
downstream. Several possible explanations of this observation are noted in the report. Nutrient loadings ,
do increasg somewhat as they move downstream, in some river systems. Once again, however, the trend
is not consistent across all relevant regions, nor does it appear all of the way from upstream to
downstream in any given region. |

From our analysis we estimate that on an average day m 1989 more than 379,000 pomds. (190 tons)
of phosphorus and more than 1,872,600 pomﬁs (1450 tons) of Kjeldahl nitrogen were discharged into the
Gulf of Mexico from the surface waters of the United States. More than 90% of each nutrient comes from
the Mississippi River system alone, but most of this originates far from the Gulf itself.

It is clear that the regions which are the majbr sources of both Kjeldahl nitrogen and phosphorus
during much of the year are the Ohio River basin and the Upper Mississippi River basin. In both of these
regions, nonurban nonpoint sources provide by far the largest sources of nutrient pollution in waterways.
It would seem, then, that continuation and expansion of pohcxes directed toward decreasing nutrient runoff
fmm nonurban lands in these upstream regions could have the biggest impact on programs to reduce

nutrient pollution in the Gulf,
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Several questions arise which will, of course, need further study. One is that of possible span'al.

variations within the Gulf of Mexico. For example: is a pound of phosphorus or nitrogen from southem
Florida or the Rio Grande equivalent, in terms of ecosystem damage, to a pound of phosphorus or nitrogen
from the Mississippi-Atchafalaya Guif Coast which is much farther north? Does a pound of a nutrient
discharged into the Gulf in winter have the same impact on the ecosystem as in the summer? Many such
questions will be answered by other groups in the Gulf of Mexico Project, and the answers will help to
determine which potential policies will have the greatest favorable impact.

Nutrient overenrichment in the Gulf of Mexico is caused by the practices of rural and urban residents
far from the Gulf Coast as well as those living near the coast. Plans to protect the Gulf must examine
ways of influencing these practices. The particular nutrient which is the limiting factor in the Guif
ecosystem must also be determinéd. The contributions of the various regions whose waterways flow to
the Guif vary widely, both by season and by nutrient, though there is not much consistency in these
variations. The proportion of nutrients coming from point sources and nonpoint sources also varies,
though nonpoint sources appear to be the larger factor in those regions which provide the majority of the
nutrients in most seasons. Protecting the Gulf ecosystem requires that we consider the full range of
activities throughout the entire drainage area of river systems flowing into the Gulf of Mexico.

Data Discussion

This analysis clearly illustrates a major problem in environmental programs and policies, insufficient
data of reasonable quality. The measurements of actual concentrations of pollutants and flows were
nonexistent, both temporally and spatially. In addition, this project found that there is relatively little
known about the transport of pollutants through a large river basin. While laboratory or small watershed
models have been developed and calibrated, refocusing these micro-level models on meso- or micro-scale
basins is a major research need.

If we expect better discussions regarding protection of Gulf of Mexico waters, or other environmental
resources, we need better data that is consistent, spatially and temporally, which can be utilized to

structure research efforts,




One major finding of this study is the poor quality of the data upon which to base decisions about

protection of the water of the Gulf of Mexico.
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and Nonambient Concemtrations







Appendix A: Brief Interpretation of Tables A2-A10:

¥

" (Table Al is included for easy reference only. It is identical to Table 5.)

Table A2 - Region 03 (Partial): The Guif Coast River Systems of the Southeast Region

Region 03 is the only region whose flow is divided, between the Atlahtic Ocean and the Gulf of
Mexico (though there is no definitive line.dividihg‘these two bodies of water). Subrégiorlé 01 through
08 and part of 09 flow directiy into the Atlantic, while pan of 09 and all of 10 through 18 flow into the
‘Gulf. The half (af;proximately) of Region 03 flowing into the Gulf of Mexico covers the geographic area
from southwestern Florida through a small part of eastem Louisiana.

The quarterly means presented by subregions show a wide range of nutrient concentratiéns (all data
is in milligrams per liter), as is true of most regions. Mean total phosphorus ranged from .05 mg/L in the
spring in subregion 17, the Pascagoula River system, to .89 mg/L in the winter in .subregion 12, the
Ochlockonee system, though a few very high readings may dominate the latter, as is the case in several
regions. The highest individual sample readings include 6.6 mg/L in the summer in the Peace River
system in Florida (Subregion 10), 5.6 mg/L in both the Peace River system (FL) in winter and the
Ochlockonee system (Subregion 12), also in winter, and 5.42 mg/L in the Kissimmee-Okeechobee
(Subregion 09) in winter.

Mean TKN ranged from .416 mg/L in the fall in Subregion 13, the Apalachicola River system, to
2.927 mg/L in Subregion 14, the Choctawhatchee-Peace (Alabama) system in spring. Maximum individual
samples were an extremely high 98.8 mg/L in the summer in Subregion 15, the Coosa River system (the

- mean was still 1.47 mg/L), 18.8 mg/L in summer in the Choctawhatchee-Peace (Alabama) system and 18.4
mg/L in spring in Subregion 16, the Tombigbee system. Many subméions had single samples of TKN
of 11 mg/L or higher in the ‘Gulf rivers of Region 03.

Organic Nitrogen is not reported in every subregion. Mean Organic N rahged from .083 mg/L in
spring in the Suwanee River system (Subregion 11) to 2.962 mg/L in spring m the Tombigbee system,
the latter strongly influenced by the highest individual sampling in the region in 1989 of 13.6 mg/L. The

second highest concentration reported was 6.50 mg/L in spring in the Peace River system in Florida.
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For Region 03’s gulf coast river systems overall, quarterly means of total phosphorus ranged from
.176 mg/L for the fall season to .336 mg/L in winter. TKN varied from a low of .745 mg/L in fall to
1.301 mg/L during the spring. Orgaﬂic nitrogen means (with many subregions not reporting) were lowest
in fall (.780 mg/L) and highest in summer (.982 mg/L). Many of the nitrogen means in some Gulf of

Mexico river systems of the Southeast Region are above generally accepted safe upper limits.
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" Table A-1

USGS Regibn Summaries: Mean Nitrogen and Phosphorus Concentrations

by Region

- 1989: All data in mg/L

Subregion Nutrient Winter
03 TP? .336 (756)
Southeast (Gulf TKN 1.111 (625)
of Mexico River  OrgN .808 (214)
Systems Only) TOTN 1.062 (98)
05 TP 290 (847)
Ohio River . TKN .674 (582)
System OrgN *
06 TP .451 (130)
Tennessee TKN 450 (72)

OrgN 1.690 (44)
07 TP 414 (1168)
Upper Miss TKN 1.771 (551)

OrgN 1.033 (53)
08 TP .196 (1016)
Lower Miss TKN 856 (681)

OrgN *
10 TP 1.665 (955)
Missouri River ~ TKN 1.929 (434)
System - OrgN 889 ()
11 - TP 728 (911)
Arkansas - TKN 3.256 (553)
Red - White OrgN 5.335 (134)
River System TOTN 8.244 (242)
12 TP 730 (572)
Texas Gulf TKN 1.003 (403)

OrgN *

A3

Spring

306 (713)
1.301 (699)
- .888 (197)
1.311 (46)

135 (1395)
618 (1259)
*

130 (385)
471 (146)
325 (302)

.347 (2575)
1.429 (1347)
1.576 (194)

.187 (1014)
901 (699)
*®

.358 (1359)
1.398 (642)
]

.631 (1064)
2.391 (589)
2.817 (197)

6.261 (223)

279 (453)
.747 (358)
*

Summer

222 (607)
1.138 (641)
982 (177)
*

255 (2074)
682 (1847)
**

081 (572)

421 (136)
.239 (490)

.484 (3089)
1.623 (1421)
1.413 (235)

.188 (988)
.850 (637)
*

1.697 (1600)
5.328 (881)
*

535 (1205)
1.889 (654)
3.118 (120)
3.345 (203)

436 (391)
911 (438)
*

Fall!

176 (420)
745 (366)
780 (112)

*

331 (896)
.706 (645)
*

.250 (54)
282 (94)
1.268 (5)

444 (1022)
1.105 (588)
.638 (46)

182 (626)
763 (531)
*

407 (587)
.1.526 (201)
*

1.305 (520)
3.505 (343)
4.235 (120)
8.815 (144)

755 (148)
.809 (148)
*




Table A-1 (continued)

Subregion Nutrient Winter Spring Summer Fall
13 TP .158 (88) .288 (188) 557 (101) -.337 (29)
Rio Grande TKN .678 (61) 1.231 (183) 1.185 (99) .672 (29)
System OrgN .240 (21) .630 (150) 418 (57) 328 (6)
TOTN 1.656 (17) 1.695 (140) 2.022 (57) 513 (6)
Entire U.S. TP .609 (6443) 315 (9146) .562 (10627)  .463 (4302)
Gulf of Mexico TKN 1.454 (3962) 1.201 (5922) 1.679 (6754) 1.174 (2945)
Drainage OrgN 2.169 (475) 1.181(1040) .946 (1079) 2.191 (289)
* No samples taken
( ) = Number of samples
! Winter runoff: January 1 - March 31 2> TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31 TOTN = Total Nitrogen
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Table A-2

Southeast Gulf Coast River Systems
Mean Nitrogen and Phosphorus Concentrations
by Subregion ’

Partial USGS Region 03:

1989: All data in mg/L

Subregion Nutrient Winter Spring Summer Fall!
09 Partial TP? 227 (90) .298 (105) 251 (96) | 086 (67)
Caloosahatchee “TKN"- " 1.171 (96) 1.230 (106) 1.530 (93) 1.153 (66)
L. Okeechobee OrgN .946 (64) 1.102 (60) 1.153 (61) 1.006 (57)
10 TP 371 (158) .549 (118) .664 (43) .306 (34)
Peace (FL) - -TKN 1.070 (159) 1.118 (115) - 1.388 (42) 955 (34)
Tampa Bay OrgN .842 (103) 944 (50) 2.474 (7) 2.864 (5)
TOTN - 1.062 (98) 1.311 (46) * *
11 TP 667 (61) .364 (58) °  .488 (34) 603 (29)
Suwanee TKN .555 (26) 791 (35) 779 (22) .783 (9)
OrgN 446 (7) 083 (1) 431 (D) 255 (4)
12 TP 897 (27) 599 (17) | 439 (17) 438 (12).
Ochlockonee TKN 2.877 (7) 1.886 (5) 661 (8) 607 (3)
‘ OrgN .651 (19) 782 (19) .572 (16) .338 (20)
13 TP 275(185)  .191(190)  .150 (195)  .142 (117)
Apalachicola TKN .816 (29) J00 (47) . .602 (48) 416 (23)
- OrgN 193 (11) 440 (11) 356 (10) 145 (11
14 TP .505 (68) . .542 (73) 252 (42) .060 (52)
Choctawhatchee TKN 1.454 (98) 2.927 (110) 1.015 (70) .583 (60)
- Escambia OrgN 812 (10) 650 (13) 693 (20) ~  .544 (11)
15 TP .178 (96). .106 (93) .107 (89) .087 (51)
Coosa - Alabama TKN 1.104 (49) 746 (80) 1.468 (118) 422 (52)
OrgN * 317 (29) 295 (37) 087 (4)
16 TP 133 (26) 098 (22) 074 (25) 085 (22)
Tombigbee - TKN .786 (106) 1.056 (159) 1.034 (170) .550 (79)
Mobile Bay OrgN * 2962 (8) 2.401 (19) *
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Table A-2 (continued)

Subregion Nutrient Winter Spring Summer Fall'
17 TP? 065 (16) .054 (10) .107 (35) 739 (8)
Pascagoula TKN 1.713 (24) .613 (15) .768 (39) 2.060 (12)
OrgN . * * * *
18 TP 111 (29) 096 (27) 099 (31) 113 (28)
Pearl TKN 1.044 (31) 814 (27) .892 (31) 730 (28) .
OrgN * * * *
Region 03 TP .336 (756) 306 (713) 222 (607) 176 (420)
(Partial) TKN 1.111 (625) 1.301 (699) 1.138 (641) .745 (366)
OrgN .808 (214) .888 (197) 982 (177) 780 (112)
TOTN 1.062 (98) 1.311 (46) * *
* No samples taken
() = Number of samples
! Winter runoff: January 1 - March 31 * TP = Total Phosphorus .
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31 TOTN = Total Nitrogen
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Table A3 - Region 05: The Ohio River System"

The Ohio River and its tributaries comprise one of the larger tributary systems of the Mississippi
River system, particularly in terms of the amount of water flowing into the Mississippi. Consequently the
Tennessee River sys;em. which joins the Ohio shortly before it flows into the Missiésippi, has been given

"its own separate region (06) by the USGS. Geographlcally. Region 05 extends from a small part of
southwestemn New York State through West Virginia to westem Kentucky and eastemn Illmoxs

For the rest of the Ohio system, Region 05, quarterly mean concentrations of total phosphorus in the
subregions varied from a low of .032 mg/L in the fall in the Kentucky-Licking rivers an‘aar (Sevéral other
subregions also had seasonal means below .1 mg/L) to 1.578 mg/L, also in the fall, in the Middle Ohio
Subregion (09). The ma‘ximum’individu’al samples were 35.7 mg/L in the fall in the Middle Ohio area,
16.0 mg/L in the fall m Subregion 06, the Scioto River area, and 15.36 mg/L in winter in the Wabash
Rlver Subregion (12).

Mean TKN in Region 05 ranged on a seasonal basis from a low of .160 mg/L in the springtime in
the Monongahela area (Subregiqn 02), to 1.448 mg/L in the fall in Subregion 12 (Wabash). Maximum
single readings of TKN were 44.4 mg/L in spring, 37.0 mg/L in spring and 34.0 mg/L in the fall in

' Subregions 09 (Kentucky-Licking), 05 (Kanawﬁa River) arid 12 (Wabash). respectively.

Organic nitrogen was not meﬁéured in Region 05 in‘ 1989.

For the region as a whole, méan total phosphorus in the Ohio Region varied from a low of .135
mg}L in spring to .331 mg/L in the fall. TKN was steady ovérall, though not in all subregions:‘ it ranged

from .618 mg/L in the spring to a high of .706 mg/L in the fall.

Excluding the Tennessee tributary system (Region 06).
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Table A-3

USGS Region 05: Ohio River System
Mean Nitrogen and Phosphorus Concentrations
by Subregion

1989: All data in mg/L

Subregion Nutrient Winter Spring Summer ~ Fall!
01 TP? .045 (73) .066 (74) .060 (79) 052 (79)
Allegheny TKN 217 (3) 242 4) 330 (3) 330 (3)
OrgN * * * *

02 TP 075 (64) .093 (61) .076 (69) .113 (60)
Monongahela TKN .240 (26) .160 (24) 371 (27) .301 (18)
OrgN * * * *

03 TP 185 (98) .133 (96) .128 (120) 136 (110)
Upper Ohio TKN .786 (50) 461 (60) 491 (78) 453 (64)
OrgN * * * *

04 TP 476 (39) .088 (129) 428 (383) .169 (60)
Muskingum TKN 1.167 (51) 397 (164) .754 (391) 429 (68)
OrgN * * * *

05 TP .098 (67) 099 (97) 109 (134) 091 (93)
Kanawha TKN .363 (70) .604 (135) 367 (147) 470 (100)
OrgN * £ * *

06 TP 205 (45) .148 (85) .500 (111) 1.083 (59)
Scioto TKN . 1.030 (36) 759 (75) .596 (124) 851 (70)
OrgN . * * * *

07 TP 082 (51) 055 (74) .059 (105) 042 (33)
Big Sandy - TKN 258 (75) 207 (111) 255 (129) 217 (58)
Guyandotte OrgN * * * *
08 TP 297 (23) 220 (66) 312 (224) 323 (19)
Great Miami TKN 910 (31) .845 (106) .667 (238) .561 (18)
) OrgN * * * *
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Table A-3 (continued)

Subregion Nutrient Winter Spring Summer Fall!
09 TP 162 (23) .160 (92) 345 (124) 1.578 (43)
Middle Ohio TKN 468 (36) 1.024 (108) .800 (162) .560 (49)
OrgN * :l: * *
10 TP .193 (43) 121 (73) .154 (66) 032 (13)
Kentucky - TKN 495 (44) 407 (87) 424 (78) .582 (15)
Licking OrgN * " * | *
11 TP .064 (25) .085 (34) .042 (46) *
Green TKN 436 (26) 451 (§3) 379 (51)
' OrgN * * * *
12 TP 682 (197) .189 (298) .232 (400) 305 (259)
Wabash TKN 1.550 (52) 1.032 (144) 1.098 (239) 1.448 (118)
: OrgN . * *
13 TP 059 (23) 132 (37) 071 (39) 078 (2)
Cumberland TKN 228 (19) .584 (30) .353 (33) 441 (5)
OrgN * ix* i *
14 TP .324 (76) .144 (179) 224 (169) 264 (44)
Lower Ohio TKN .664 (63) .593 (158) 932 (144) .820 (29)
OrgN * % * *
Region 05 TP 290 (847) .135 (1395) 255 (2074) 331 (896)
TKN 674 (582) .618 (1259) .682 (1847) 706 (645)
OrgN * # * *

* No samples taken
() = Number of samples

! Winter runoff: January 1 - March 31 > TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31
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Table A4 - Region 06: Tennessee River System

Flowing into the Ohio and thence to the Mississippi, the Tennessee River and its tributaries comprise
one of the smaller USGS hydrologic Regions. It extends geographically from western Virginia and North
Carolina to the Ohio River at Kentucky and Illinois. Small or not, the Tennessee Valley was one of the
less polluted areas in 1989, in terms of both nitrogen and phosphorus.

Mean total phosphorus presented quarterly for the four subregions ranged from .07 mg/L in the
spring and summer in the Middle Tennessee-Hiwassee Subregion, with several seasonal means below 1.0
mg/L, to 1.5 mg/L in the fall in the Middle Tennessee-Elk Subregion. The highest individual 1989
measurement of TP (total phosphorus) was 9.0 mg/L in the Middle Tennessee-Elk area, in the spring
season.

Quarterly TKN means varied from a low of .16 mg/L in the spring in the ‘Middle Tennessee-
Hiwassee Subregion, to 1.76 mg/L in the Middle Tennessee-Elk Region, also in the spring. The maximum
sample readings were 4.0 mg/L and 3.9 mg/L in spring and winter, respectively, in the Middle Tenx;essee-
Elk area.

Seasonal mean organic nitrogen, reported in most subregions and seasons, ranged from .19 mg/L in
the Middle Tennessee-Hiwassee area in summer (for data with sufficient observations), to 4.97 mg/L in
winter in the Middle Tennessee-Elk subsystem.

In the entire Tennessee Valley, total phosphorus varied from a low of .08 mg/L in summer to a high
of .45 mg/L in winter; TKN from .28 mg/L in fall to .47 nig/L in spring; and Organic Nitrogen from .24

mg/L in summer to 1.69 mg/L in winter.
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Table A-4

USGS Region 06: Tennessee River System
Mean Nitrogen and Phosphorus Concentrations

by Subregion
1989: All data in mg/L

Subregion Nutrient. Winter Spring Summer Fall'
01 TP? 353 (79) .082 (82) .086 (97) 115 (35)
Upper Tennessee TKN 322 (57)  .347 (106) 315 (110) 278 (85)
OrgN 814 (28) . * 292 (15) *
02 TP 314 (29) .072 (209) .066 (223) 274 (11)
Middle Tennessee TKN 465 (6) .164 (20) S00 (1) *
- Hiwassee OrgN 310 (4) .198 (196) .190 (209) *
03 TP' 1.281 (14) 321 (77) .079 (235) 1.522 (4)
Middle Tennessee TKN 1.717 (6) 1.762 (14) 1.007 (19) .320 (6)
- Elk OrgN 4971 (10) .560 (106) 274 (264) 1.535 4)
04 TP .468 (8) 21917 292 (17) 100 (3)
Lower TKN 320 (3) .668 (6) 486 (6) .343 (3)
Tennessee OrgN 310 (2) * 180 (2) *
Region 06 TP 451 (130) .130 (385) .081 (572) 250 (54)
TKN 450 (72) 471 (146) 421 (136) 282 (94)
OrgN 1.690 (44) .325 (302) .239 (490) 1.268 (5)
. * No samples taken
( ) = Number of samples
. ' Winter runoff: January 1 - March 31 2 TP - = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31

All




Table AS - Region 07: Upper Mississippi River System

The Upper Mississippi system includes the upper reaches of the mighty river which eventually drains
nearly two-thirds of the surface water in the 48 contiguous states, and all of its tributaries in Minnesota,
Wisconsin, Iowa, northem Missouri and Ilinois which join it upstream of the Missouri River (Region 10)
on the westem bank and the Ohio River (Region 05) on the eastern bank.

Nutrient concentrations are highly variable in the Upper Mississippi Region, again without a
consistent trend either seasonally or from upstream to downstream. Mean total phosphorus in each
subregion ranged in 1989 from .05 mg/L in winter in the St. Croix River Subregion (03) to a high of 2.74
mg/L in the summer in the Wisconsin River area (Subregion 07). The highest individual phosphorus
samples were a rather extreme measurement of 170.0 mg/L in the Wisconsin River Subregion in summer
and 29.8 mg/L in the Minnesota River system, also in summer. |

Mean TKN among the subregions ranged from .57 mg/L in the fall season in the Upper Mississippi-
Black-Root system (Subregion 04) to 3.69 mg/L in winter in the Iowa-Skunk-Wapsipinicon area
(Subregion 08). There was a slight trend of increasing concentrations from upstream to downstream in
some seasons. Maximum concentrations were found at 48.0 mg/L in the summer in the Wisconsin River
area, and several 25 to 28 mg/L readings in various seasons and subregions.

The means for organic nitrogen, reported in fewer than half of the subregions, varied from a low of
-4 mg/L in the St. Croix River area in winter to 3.77 mg/L in the Des Moines River subsystem, Subregion
10, in spring. The highest individual concentrations were 27.3 mg/L in sumfner in the Minnesota River
area and 26.5 mg/L in the spring in Subregion 04, the Upper Mississippi-Black-Root.

For Region 07 the mean total phosphorus was fairly steady, ranging from .35 mg/L in spring to .48
mg/L in summer. Mean TKN varied only from 1.1 mg/L in the fall to 1.77 mg/L in winter. Seasonal
means for organic nitrogen (for those swbregions reporting) ranged from a low of .64 mg/L in the fall to

1.58 mg/L in the spring.
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Table A-5

USGS Region 07: Upper Mississippi River System
Mean Nitrogen and Phosphorus Concentranons
by Subregion

1989: All data in mg/L

Subregion Nutrient Winter Spring Summer Fall!

01 TP 318 (103) .210 (343) 347 (422) 215 (49)
Mississippi TKN 2.196 (74) 929 (132) 1.248 (182) 1.168 (19)
Headwaters - OrgN 946 (15) 964 (50) 947 (49) 615 (13)

02 ) TP 299 (70) 185 (155) 524 (176) 813 (23)
Minnesota R. TKN 2316 (26) - 1.819 (74) 2.617 (100) 1.352 (13)
OrgN 1.396 (20) 1.244 (51) 2.078 (51) 852 (13)

03 P 051 (73) 152 (169)  .306 (151) | .645 (38)
St. Croix R. TKN 895 (11) 1.526 (104) 2.116 (69) 1.011 (26)
OrgN 397 (3) .888 (12) 745 (11) 483 (3)

04 _ TP .367 (34) .714 (146) 321 (131) 180 (56)
Upper Miss.- TKN 1.191 (34) 2.611 (146) 1.381 (129) 570 (54)
Black-Root OrgN .653 (12) 2.195 (43) 823 4)  .512(13)

05 TP 950 (85) .632 (197) .858 (213) 347 (73)

Chippewa TKN 778 (46) 791 (131) 1.083 (105) .679 (32)
OrgN * * * *

06 TP 410 21) 222 (30) .703 (36) .184 (24)
Upper Mississippi TKN 1.860 (15) .844 (16) 2.583 (30) 733 (18)
-Maquaketa-Plum OrgN * * * *

-Escambia

07 TP .528 (68) 1.468 (124) 2.741 (160) 329 (46)
Wisconsin R. TKN 1.588 (34) 1.240 (60) 2.480 (45) 770 (46)
OrgN * * * ‘ *

08 ' TP 785 (55) +.366 (94) .491 (158) 623 (57)
Upper Miss.-lowa  TKN 3.692 (26) 1.896 (34) 1.508 (51) 1.189 (28)
Skunk- OrgN 1.193 (3) 1.602 (25) 1.384 (62) 550 4)
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Table A-5 (continued)

Subregion Nutrient Winter Spring Summer Fall!
09 TP 349 (162) 134 (227) 223 (427) .280 (90)
Rock R. TKN 3.053 (32) 1.213 (62) 2481 (21) 1.433 (21)
OrgN * * * *
10 TP 725 (13) .599 (36) 538 (51) .898 (12)
DesMoines R. TKN 1.750 (14) 1.454 (13) 1.848 (14) 1.500 (12)
OrgN * 3.769 (13) 2.744 (18) *
11 TP 129 (14) 451 (25) 177 (18) 136 (9)
Upper Miss. TKN 1.180 (5) 1.088 (8) 925 (8) 900 (1)
- Salt OrgN * ' * * *
12 TP 419 (198) .298 (383) .238 (493) 576 (183)
Upper Illinois TKN 1.939 (128) 1.545 (231) 1.464 (276) 1.397 (143)
OrgN * B * *
13 TP 419 (136) .230 (322) 324 (294) 542 (182)
Lower Illinois TKN 1.200 (35)  '1.318 (128) 1.561 (140)  1.436 (61)
OrgN * ' * * *
14 TP 280 (136) .195 (324) 292 (359) .380 (180)
Upper Miss.- TKN 996 (71) 1.171 (208) 1.614 (251)  .990 (114)
Kaskaskia- OrgN * * * *
Meramec
Region 07 TP 414 (1168) .347 (2575) 484 (3089)  .444 (1022)
TKN 1771 (551) 1.429 (1347) 1.623 (1421) 1.105 (588)
OrgN 1.033 (53) 1.576 (194) 1.413 (235) .638 (46)
* No samples taken
( ) = Number of samples
! Winter runoff: January 1 - March 31 2 TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer "July 1 - September 30 OrgN = Organic Nitrogen
Fall

October 1 - December 31
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Table A6 - Region 08: Lower Mississippi River System Excluding
the Arkansas-White-Red System .

~ The Mississippi and its tributaries below the Missouri and OhiQ systems (minus the Arkansas-White-
Red Region) comprise this region which extends frém southern Missouri and Kentucky through the
| Mississippi delta in southern Louisiana. Region 08 has few individual samples with high phosphorus or
nitrogen, and the means are perhaps lo§ver than some might expect from the river draining our nation’s
entire heartland. |
Seasonal means for the nine subregions for total phosphorus ranged from .07 mg/L in the spring
season in the Lower Mississippi-Big Black-Escambia Subregion (06) to a high of only .47 mg/L in the
fall in the Lower Mississippi-Yazoo area (Subregion 03). The highest individual sample had a 4.6 mg/L.
concentration of phosphorus, in the summer in the Lower Mississippi-St. Franéis Subregion (02). |
TKN subregion means in 1989 varied from a low of .44 mg/L in the summer in Subregion 06ta
high of 2.346 mg/L in Subregion 03 in the fall, for subregions and seasons with at least three observations.
The maximum siﬁgle samples had concentrations of 11.26 mg/L TKN in the Louisiana Coastal area
(Subregion 08) in the summer, and 10.8 mg/L in the fall in the Lower Red-Ouachita Subregion (04).
For Region 08 as a whole, mean total phosphorus was seasonally steady, varying onl;% from a low
of .182 in the fall to .1§6 in the winter. TKN ranged only from .763 in the fall to .9 in the spring. These
and the subregion means are generally lower than those for the measurements taken upstream, particularly
from the Missouri River system (Region .10) and the Arkansas-White-Red rivers sy;stem (Region 11), and
even somewhat lower in general than those for the Upper Mississippi Region. This §uggésts several
possible interpretations including either: (1) There is considerable degradation of nutrient pollutants as
they travel downstream in surface waters, applicable vto both phosphorus and nitrogen; (2) there is
considerable settling out of sediment-attached chemicals and nutrients, particularly applicable to
phosphorus; or (3) "the increased volume of water in the Loyer Mississippi has additional input from
smaller, cleaner tributaries leading to dilution of nutrients; and (4) its large surface expanse apd therefore
" increased plant growth which utilizes nitrogen and phosphorus, contribute to a lowering of concentrations.

A combination of these processes and possibly others is most likely.
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Table A-6

USGS Region 08: Lower Mississippi River S

White-Red (Region 11)

Mean Nitrogen and Phosphorus Concentrations

by Subregion

1989: All data in mg/L

ystem Excluding Arkansas-

Subregion

01
Lower Mississippi
R. - Hatchie

02
Lower Miss.-
St. Francis

03
Lower Miss.-
Yazoo

04
Lower Red -
Ouachita

05
Boeuf -
Tensas

06

Lower Miss.-
Big Black

- Escambia

07
Lower Miss.-
Lake Maurepas

08
Louisiana
Coastal

Nutrient

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

Winter

161 (23)
1.100 (1)
*

.188 (87)
815 (13)
*

262 (243)
483 (138)
*

.089 (294)
526 (199)
%

286 (94)
1.373 91)
¥

193 (7)
1.257 (7)
*

.198 (66)

1.005 (58)
¥*

.274 (103)
1.303 (89)
*®

Alé

Spring

.114 (43)
.684 (13)
*

.259 (60)
797 (21)
*

190 (292)
507 (125)
Co%k

097 (279)
621 (226)
%

.330 (86)
1.320 (85)
*

.073 (6)
517 (6)
*

218 (56)
1.127 (49)
*

277 (103)
1.460 (91)
*

Summer

.147 (32)
.892 (18)
*

.398 (100)
872 (17)
*

191 (177)
459 (75)
*

132 (325)

726 (204)
*

205 (91)
1.131 (91)
%*

.110 (4)
443 (3)
]

.184 (65)
945 (57)
*

178 (97)
1.009 (89)
*

Fall!
170 (1)
500 (1)

*

446 (43)
713 (11)
*

470 (7)
2.346 (7)
%*

131 (229)
.569 (197)
*

159 (92)
1.014 (91)
*

%

6.340 (1)
*

176 (64)
.640 (52)
*®

174 (101)

721 (90)
*




Table A-6 (conﬁnued)

Subregion Nutrient Winter Spring Summer Fall
09 TP .199 (99) .193 (89) 174 (97) .198 (89)
Lower TKN 1.081 (85) 1.172 (83) 963 (83) .883 (81).
Mississippi R. OrgN * * * *
Region 8 TP 196 (1016) .187 (1014) .188 (988) .182 (626)
TKN .856 (681) 901 (699) .850 (637) .763 (531)
OrgN L] . % * %
* No samples taken
( ) = Number of samples
! Winter runoff: January 1 - March 31 > TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31
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Table A7 - Region 10: The Missouri River System

’I‘he Missouri River system is the largest geographic USGS Region, covering an area from westemn
Montana through eastern Colorado and southwestem Minnesota to most of Missouri. Its thirty subregions
- have the highest individual sample concentrations in the study, and some of the higher subregion means.
Its upper reaches are frozen and therefore not sampled in the winter and fall seasons.

The lowest subregion mean concentration for total pﬁosphorus in 1989 was .024 mg/L in Submgion
06, the Missouri-Poplar area, in the fall, for subregions and seasons with sufficient observations. The
highest means were 18.12 mg/L and 11.15 mg/L in the summer and winter, respectively, in the Cheyenne
River subsystem (Subregion 12). Both of these high means were dominated by extremely high individual
samples with 830.0 mg/L summer and 1102.0 mg/L winter concentrations, the maximum observations for
the region. The next highest single sample was 30.9 mg/L in summer in the Missouri-White Suﬁnegion
(14).

Seasonal means for TKN in Region 10 ranged from a low of .20 mg/L in the fall in the Gasconade-
Osage Subregion (29) to 153.76 mg/L in the Cheyenne Subregion in summer, the latter again dominated
by a single sample measurement, of 1300.0 mg/L, the maximum for the region. The second highest
individual sample concentration was 28.0, in the summer in the Nebraska Subregion (15).

Organic nitrogen was measured in only one subregion of the thirty, and in only one season.

For the entire Missouri Region as a whole, the seasonal mean total phosphorus varied from .36 mg/L
in the spring to a high of 1.70 mg/L in summer; TKN seasonal means ranged from 1.40 mg/L in the

spring to 5.33 mg/L in the summer.
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Table A-7

USGS Region 10: Missouri River System
Mean Nitrogen and Phosphorus Concentrations
by Subregion

1989: All data in mg/L

Subregion Nutrient Winter Spring Summer Fall
01 TP? * 020 (1) 020 (1) *
Saskatchewan TKN * 300 (1) 200 (1) *
OrgN * * : * *
02 TP * 097 (4) 135 2) *
Missouri TKN * * * *
Headwaters OrgN * * * *
03 TP 030 (3) 036 (12) .052 (8) .030 (3)
Missouri - TKN 367 (3) 420 (10) 367 (6) 300 (2)
Marias OrgN * * * *
04 TP .040 (5) .046 (9) 037 (10) .040 (4)
Missouri - TKN 520 (5) 432 (8) 472 (9) 360 (5)
Musselshell OrgN * * * *
05 TP .698 (5) 075 (4) 053 (3) .033 (6)
Milk TKN 2.640 (5) 700 (4) .833 (3) .600 (4)
OrgN A * * * *
06 TP .079 (8) 057 (11) 051 (12) 024 (8)
Missouri - - TKN 1.225 (8) 736 (11) .873 (15) .700 (8)
Poplar - OrgN . % * . * *
Escambia
07 TP 035 (2) .063 (6) .028 (5) .030 (2)
Upper TKN 400 (2) 550 (2) 450 (2) 1.900 (1)
Yellowstone OrgN * * * *
08 TP 112 (22) .097 (48) 057 (39) 075 (15)
Big Horn TKN .589 (19) 2.413 (23) 695 (22) 350 (6).
OrgN * . * *
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Table A-7 (continued)

Subregion

09
Powder -
Tongue

10
Lower
Yellowstone

11
Missouri -
Little Missouri

12
Cheyenne

13
Missouri - Oahe

14
Missouri -
White

15
Niobrara

16
James

17
Missouri -
Big Sioux

18
North Platte

Nutrient

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP

. TKN

OrgN

Winter
.084 (28)
500 (11

*

.893 (3)
1.533 (3)
*

510 (1)
2.600 (1)
%*

11.150 (102)
1.155 (11)
*

254 (62)
1.993 (26)
%*

458 (20)
.625 (4)
%

.168 (34)
1.167 (3)
*

543 (41)
2.798 (30)
]

798 (41)
1.133 (3)
%

.160 (37)
1.066 (15)
*

Spring
.179 (69)
557 (23)

*

038 (4)
1.050 (2)
*

454 (6)
1.318 (5)
*

195 (138)
647 (42)
*

243 (87)
1.624 (30)
*

945 (30)
.899 (7)
*

.145 (47)
1.237 (18)
*

.369 (75)
1.798 (44)
*

.380 (48)
718 (9)
*

122 (72)
1.484 (37)
*

- Summer

.654 (31)
514 (7)
*

046 (5)
720 (5)
*

079 1)
.850 (2)
*

18.120 (100)
153.760 (17)
%*

.169 (109)
2.097 (23)
*

3.201 (25)
1.484 (8)
*

1.269 (142)

5.399 (113)
. *

.820 (155)
2.878 (136)
*

.584 (51)
1.149 (8)
*

235 (70) |

1.269 (45)
*

Fall!

.859 (19)
.860 (10)
*

037 (3)
425 (4)
¥*

038 (5)
.600 (3)
*

238 (81)
. .555 (5)
*

090 (24)
725 (8)
*

316 (14)
540 (2)
*

138 (22)
2.286 (12)
*

724 (17)
1.750 (3)
*

923 (38)
815 (4)
*

167 (22)
2.779 (15)
*




Table A-7 (continued)

Subregion

19
South Platte

20
Platte

21
Loup

22
Elkhorn

23
Missouri -
Little Sioux

24
Missouri -
Nishnabotna

25
Republican

26
Smoky Hill

27
Kansas

28
Chariton -
Grand

Nutrient

TP
TKN

OrgN

TP
TKN
OrgN

TP
TKN
OrgN

™

TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

Winter
1.133 (87)
5.162 (55)

*

.692 (25)
2.216 (19)
]

.240 (41)
1.056 (8)
]

426 (17)
1.334 (14)
*

1.784 (28)
1.354 (19)
.889 (9)

215 (30)
1.220 (11)
*

.159 (26)
853 (3)
%

.373 (39)
625 4)
, *

536 (197)
1.523 (133)
*

144 (7)
.829 (7)
*

A2l

Spring

785 (130)
1.982 (79)
*

723 (33)

2.035 (32)
* .

256 (43)
895 (11)
*

353 (18)
1.269 (18)
*

.540 (24)

1.574 24)
: *

310 (43)
2.096 (13)
t 3

298 (35)
1.110 (9)
¥*

.360 (61)

1.167 (6)
*

.408 (190)
1.383 (125)
*

177 (24)
1.241 (19)
*

~ Summer
293 (181)
1.734 (127)
%*

.618 (24)
1.987 (22)
]

395 (44)
2.032 (13)
*

744 (19)
2.621 (18)
%*

1.487 (26)
2.036 (26)
*

277 (72)
1.340 (9)
*

684 (51)

1.261 (25)
*

1.119 (80)
1.270 (15)
%

.539 (181)
1.505 (88)
*

393 (35)
1.039 (36)
*

Fall'

620 (111)

2.162 (67)
: *

427 (11)
1.799 (11)
*

182 (4)
397 (3)
*

197 (3)
1.303 (3)
%

.688 (8)
1.600 (7)
*

.186 (16)
300 (4)
*

211 (11)
1.040 (1)
¥

231 (24)
*

*

446 (51)
.867 (9)
. *

.100 (3)
.600 (3)
%




Table A-7 (continued)

Subregion Nutrient Winter Spring Summer  Fall!
29 TP 091 (27) 099 (58) .149 (94) .166 (37)
Gasconade - TKN 489 (9) .674 (16) 3.758 (74) 200 (1)
Osage OrgN * * * *
30 TP 1.814 (17) 1.245 (29) 976 (18) 1.387 (14)
Lower TKN 567 (3) .874 (14) .663 (6) *
Missouri OrgN * * * *
Region 10 TP 1.165 (955) 358 (1359)  1.697 (1600) .407 (587)
TKN 1.929 (434)  1.398 (642) 5.328 (881) 1.526 (201)
OrgN 880 (9 * * *
* No samples taken
() = Number of samples
' Winter runoff: January 1 - March 31 ? TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31
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¢Table AS - Reﬁon il: The Arlnanms-Wliité-Red Systém ‘

| The Arkansas-White-Red River Region is the Last (and farthest downstream) of the great tributary

systems flowing into the Mississippi. Geographically, it stretches from eastei'n Colorado t¢ Arkansas and

Louisiana. Ii also appears to be one of the regions with higher nutrien; concentrations, with several
individual samples measilring very high, especially in nitrogen.

Total phosphorus seasonal means for Region 11’s subregions ranged from a low of .03 mg/L in the
Upper Cimafron Subregion (04) in the winter, to a high of 5.01 mg/L in the Red-Washita Rivers area,
Subregion 13, in the fall. The highest individual measurement of TP in 1989 x;las 18.6 mg/L’in the
summertime in Subregion 07, the Neosho-Verdigris area; several subregions also had one or more
measurements over 12 mg/L.

Seasonal means of TKN varied from a low of .50 mg/L in the Upper Cimarron SuBmgion in the
spring, to reports of 10.95 mg/L in winter in Subregion 09, the Lower Canadian, 9.86 mg/L in winter in
the Arkansas-Keystone Subregion (06), and 9.53 mg/L in the fall in the Red-Washita Subregion. The
maximumn single observations of TKN in 1989 were 82.0 mg/L in winter in the Lower Canadian area, 80.7
mg/L in spring in the Neosho-Verdigris Subregion, and 70.6 mg/L in winter in the Red-Washita area.
There were many other individual measurements higher than 40 mg/L in Région 11, making some of its
waters higher in nitrogen concentrations than any others flowing to the Gulf of Mexico (with the Missouri
River system a close second in some of its subregions). '

Organic nitrogen is measured in ten subregions and most seasons for Region 11. The lowest mean
subtegjon organic N was .46 mg/L in spring for the Upper Canadian Subregion (08), for subregions and
seasons with sufficient observations; this is imusually low for most subregions in this regién. The highest
subregion means were 21.68 mg/L in Subregion 14 (Red-Sulphur), 10.83 mg/L in Subregion 06 (Arkansas-
Keystone) and 9.78 mg/L in Subregion 13 (Red-Washita). Many subregions and seasons appear to be high
in organic nitrogen as well as TKN; maximum individual organic N readings were 58.14 mg/L in winter

_in the Red-Washita area and 48.28 mg/L in winter in the North Canadian Subregion (10).
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Total nitrogen was also measured in a majority of subregions and seasons in Region 11. Subregion
means varied from lows of .9 mg/L in summer in the North Canadian area (10) and the Arkansas-
Keystone area (06), to highs of 17.9 mg/L in winter in the Lower Canadian; 16.0 mg/L in fall in the Red-
Sulphur, 15.8 mg/L in spring in the Neosho-Verdigris and 15.1 mg/L in winter in the Red-Washita. Many
subregions had seasonal mean total nitrogen readings over 10 mg/L; data mentioriéd are from those with
a sufficient number of observations.

For the entire Region 11, mean total phosphorus ranged from a low of .535 in summer to 1.305 in
the fall; TKN varied from 1.889 in summer to 3.505 in the fall; orgaqic nitrogen ranged from a low of
2.817 in spring to 5.335 in winter; and total nitrogen ranged from 3.345 in summer to 8.815 in the fall

Seasomn.
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Table A-8

USGS Region 11: Arkansas-White-Red System

Mean Nitrogen and'PhosphoruS Concentrations

by Subregion

1989: All data in mg/L

Subregion

01
Upper White

02

Upper
Arkansas

03
Middle
Arkansas

04

Upper
Cimarron

05
Lower
Cimarron

06
Arkansas -
Keystone

07
Neosho -
Verdigris

08

Upper
Canadian

TOTN

OrgN
TOTN

OrgN
TOTN

OrgN
TOTN

Winter

117 (154)
1.057 (60)
*

1.081 (14)
3.974 (35)
ax

.624 (60)
1.500 (1)
ofe

026 (5)
533 (6)
F i3

2.894 (16)
5.246 (17)
4.257 (9)
9.971 (14)

2.512 (9)
9.865 (9)

-10.832 (4)

13.141 (7)

.635 (108)
1.874 (43)
3.087 (10)
4.276 (19)

015 (2)
300 (2)
*

*
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Spring

.153 (181)
714 (72)
*®

429 (27)

1.676 (41)
’ %x*

675 (72)
900 (1)
*®

.058 (10)
500 (6)
*

187 (3)
867 (3)
E S

*

1.934 (6)
4.712 (6)
3.940 (4)
12.367 (4)

1.269 (160)
8.488 (44)
5.536 (34)
15.804 (32)

225 (92)
743 (79)
465 (93)
1.031 (93)

Summer

.296 (135)
742 (65)
*

342 (28)
1.868 (73)
*

327 (113)
2.600 (1)
*

.146 (20)
500 (2)
x*

.700 (5)
560 (7)
*

902 (5)

347 (D)
787 (4)
*

.920 (3)
961 (169)

6.681 (37)
4.645 (19)

11.545 (25).

408 (42)
1.789 (42)
1.755 (38)
2.022 (38)

082 (5)
4.155 (33)
*

409 41)
*

*

070 (2)
400 (2)
1

8.070 (1)
1.546 (1)

870 (1)
3.550 (1)

* ¥ ¥ *

1.508 (79)
5.409 (24)
2.789 (19)
11.674 (17)

.010 (1)
400 (1)
*

%




Table A-8 (continued)

Subregion Nutrient Winter Spring Summer - Fall!
09 TP? 2.338 (21) 3.146 (17) 2.057 (55) 2.796 (33)
Lower TKN 10.955 (19) 5.127 (18) 4214 (53) 7.847 (34)
Canadian OrgN 9.060 (8) 3.060 (15) 2.817 (41) 5.539 (32)
TOTN 17.943 (13) 9.073 (15) 2.001 (13) 10.306 (32)
10 TP 2.632 (35) .657 (42) .198 (40) 4.872 (15)
North ‘ TKN 6.617 (33) 2.230 (33) 1.048 (24) 5.880 (15)
Canadian OrgN 6.083 (21) 5.310 (5) * 5.019 (14)
TOTN 11.910 (28) 10.014 (5) 929 (7) 10.943 (14)
11 TP 729 (283) .834 (255) 570 (322)  1.105 (168)
Lower TKN 2.704 (203) 2.831 (157) 1.172 (185)  2.329 (113)
Arkansas OrgN 3.894 (62) 4.685 (40) 1.111 (15) 2.528  (33)
TOTN 5.802 (131) 6.847 (68) 1.588 (95) 4.617 (59)
12 TP 133 (8) 1.723 (7) 192 (6) 476 (2)
Red TKN .635 (6) 4.436 (7) .826 (8) 3.904 (2)
Headwaters OrgN * 6.480 (2) * 7.080 (1)
TOTN 3.010 (1) 16.825 (2) 700 (1) 9.010 (1)
13 TP 2.237 (33) 2.176 (7) 505 (15) 5.011 (17)
Red-Washita TKN . 8.636 (28) 7.966 (7) 2.586 (15) 9.532 (16)
OrgN 9.781 (14) 8.247 (4) 10.185 (2) 5.977 (13)
TOTN 15.110 (19) 14.920 (4) 4872 (8) 14.824 (14)
14 TP .198 (163) .139 (185) 197 (246) 566 (113)
Red-Sulphur TKN 1.245 (91) 1.081 (115) 1.474 (136)  1.758 (71)
OrgN 3.970 (6) * 21.677 (3) 6.423 (6)
TOTN 6.520 (10) * 10410 (8) 15978 (6)
Region 11 TP 728 (911) .631 (1064) .535 (1205)  1.305 (520)
TKN 3.256 (553)  2.391 (589) 1.889 (654)  3.505 (343)
OrgN 5.335 (134)  2.817 (197) 3.118 (120) 4.235 (120)
TOTN 8.244 (242) 6.261 (223) 3.345 (203) 8.815 (144)
* No samples taken
() = Number of samples
! Winter runoff: January 1 - March 31 2 TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31 TOTN = Total Nitrogen
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Table A9 - Region 12: The Texas Gulf Region

The Texas Gulf Region consists of several individual river systems flowing into the Gulf of Mexico,
from the Sabine River on the Texas-Louisiana state line.westward to the Nueces near the southem tip of
Texas.

Subregion seasonal mean concentrations for total phosphorus ranged from .02 mg/L in summer in
Subregion 11, the Nueces-Southwestern Texas Coastal area, to the highest mean of 1.5 mg/L in the
summer in the Central Texas Coastal Subregion (10). Several quarterly means were below .1 mg/L in this
region. Maximum individual measurements in 1989 were 8.2 mg/L in the Central Texas Coastal area in
winter, 7.7 mg/L in the Galveston Bay-San Jacinto Subregion (04) in spring and 7.6 mg/L in winter in
the same subregion.

Quarterly TKN means varied from a low of .37 mg/L in summer in the Nueces-Southwestern Texas
Coastal Subregion to 1.63 mg/L in Subregion 05, the Brazos Headwaters, for subregions and seasons with
sufficient data. The highest individual samples had TKN concentrations of 17.0 mg/L in winter in the
Galveston Bay-San Jacinto Subregion, 16.0 mg/L. in winter in Subregion 09, the Lower Colorado-San
Bemard Coastal Subregion, and 14.0 mg/L in summer in the Middle Brazos Subregion (66).

Organic total and total inorganic nitrogen were not reported in Region 12. For the entire‘ Texas Gulf
Region seasonal means of total phosphorus varied from a low of .28 in spring to .76 in the fall; TKN

means ranged from .75 in the spring to 1.0 in the winter.
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Table A-9

USGS Region 12: Texas Gulf Region

Mean Nitrogen and Phosphorus Concentrations

by Subregion

1989: All data in mg/L

Subregion

01
Sabine

02
Neches

03
Trinity

04
Galveston
Bay - San Jacinto

05
Brazos
Headwaters

06
Middle
Brazos

07
Lower Brazos

08
Upper Colorado

Nutrient

TP?
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

Winter
109 (18)
905 (14)

*

492 (12)
.640 (10)
*

172 (95)
1.019 (76)
*

1.325 (149)
1.241 (81)
*

045 (5)
675 (4)
*

440 (63)
.865 (57)
*

127 (59)
691 (54)
*

060 (2)
1.000 (2)
*
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Spring

125 (17)
851 (14)
*

252 (10)
1.557 (7)
*

.301 (62)
910 (59)
*

.670 (70)
1.126 (43)
*

063 (5)
500 (2)
*

.183 (56)
.663 (49)
*

.082 (50)

.580 (56)
.

.080 (1)
.600 (1)
*

Summer

©.066 (11)
.849 (13)
*

068 (5)
760 (5)
*

255 (72)
.826 (74)
*

- .527 (139)

1.088 (139)
E

037 3)
1633 (3)
*

434 (53)
1.112 (65)
*

064 (48)
735 (60)
*

..145 (2)
2.150 (2)
*

055 4)
500 (4)
*

2.231 (17)
1.118 (17)
*

.689.(49)
.829 (49)
*

.010 (1)
400 (1)
*

1.334 (8)
1.150 (8)
o

1.030 (3)
700 (3)
*

060 (1)
.500 (1)
*




Table A-9 (continued)

Subregion Nutrient | Winter Spring Summer Fall!
09 TP 426 (68) -.105 (99) 099 (22) 290 (25)
Lower Colorado - TKN 1.264 (66) .509 (87) 557 (35) 711 (28)
San Bernard OrgN * * * *
Coastal
10 TP 811 (73) 464 (56) 1.491 (33) 646 (27)
Central Texas TKN 919 (32) .809 (33) .682 (36) .687 (24)
Coastal OrgN * * * *
11 TP .547 (28) .188 (27) .020 (3) 075 (2)
Nueces - TKN 414 (7) 714 (7) 367 (6) 750 (2)
Southwestern OrgN * * * *
Texas Coastal
Region 12 TP 730 (572) 279 (453) 436 (391)  .755 (148)
TKN 1.003 (403) 747 (358) 911 (438) .809 (148)
OrgN . * * *
* No samples taken
( ) = Number of samples
! Winter runoff: January 1 - March 31 > TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31
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Table A10 - Region 13: The Rio Grande System

Geographically, the Rio Grande system extends from its headwaters in southem Colorado through
the heart of New Mexico and southwestem Texas. The Rio Grande Region has a few subregions
(especially the Rio Grande-Elephant Butte and Mimbres areas near its headwaters) with a large number
of samples in some seasons of 1989, while some other subregions have very few observations for ‘some
nutrients as noted in Table 9. The quarterly means for subregions do not have as much variability in

nutrient concentrations as some other regions.

Mean total phosphorus ranged from a low of .026 mg/L in the lower Rio Grande valley in the winter

to .752 mg/L. in summer in the interisively sampled Rio Grande-Elephant Butte Subregion, for those
subregions with several observations per season. The maximum individual sample in 1989 was 6.54 mg/L
in the spring in the Elephant Butte area (Subregion 02). |

Mean TKN by subregion varied from .300 mg/L in the Rio Grande Headwaters Subregion in
wintertime to 1.825 mg/L in summer in Subregion 04, the Rio Grande-Ammistad area, again for those
subregions and seasons with sufficient sampling. The highest single sample was again in the spring in
the Rio Grande-Elephant Butte Subregion: 28.0 mg/L.

Organic nitrogen is measured in only a few subregions. The lowest mean for a subre)gion and season
with sufficient sampling was .244 mg/L in winter in the Elephant Butte area; the highest such mean was
.670 in spring in the same subregion. A 13.99 mg/L reading was the maximum single measurement, in
the same Elephant Butte Subregion in spring.

Total nitrogen is reported in the Rio Grande Region, but sparsely. A fairly high mean of 2.022 mg/L
in summer was found in the Elephant Butte area. The highest reading was 28.95 mg/L in spring for total
N in the Elephant Butte Subregion.

For the entire Rio Grande system, 1989 total phosphorus means ranged from a low of .158 mg/L
in winter to a high of .557 mg/L in summer. TKN means were .672 mg/L in fall and .678 mg/L in
winter, with a seasonal high of 1.231 in spring. Organic nitrogen, for all of the subregions reporting,

ranged from .240 in winter to .630 in the spring.




Table A-10

USGS Region 13: Rio Grande System
Mean Nitrogen and Phosphorus Concentrations
by Subregion

1989: All data in mg/L

Subregion Nutricht Winter Spring Summer Fall!
01 TP 084 (11) .082 (8) 075 (10) 107 (3)
Rio Grande TKN 300 (1) 550 (2) .600 (1) .600 (2)
Headwaters OrgN * * * *
02 . TP 210 27) 409 (114) 752 (69) 514 (14)
Rio Grande - TKN 705 (25) 1.555 (121) 1.242 (77) 756 (13)
Elephant Butte OrgN 244 (19) .670 (115) 418 (57) 352 @)
g TOTN 1.656 (17) 1.993 (105) 2.022 (57) 560 (4)

03 TP 489 (9) .091 (36) 155 (2) 310 (1)
Rio Grande - TKN 1.317 (6) .614 (35) 1.000 (2) - .400 (1)
Mimbres OrgN * 507 (34) * *
TOTN * 812 (34) * *

04 TP 147 (12) 305 (2) 590 (3) 720 (2)
Rio Grande - TKN 667 (12) .600 (3) 1.825 (4) 933 (3)
Armistad OrgN * * * *
05 TP 025(2) * .030 (2) 040 (1)
Rio Grande TKN 400 (2) 400 (1) 400 (2) 200 (1)
Closed Basins OrgN * * * *
06 TP 050 (9) .069 (11) .120‘ (12) 042 (6)
Upper TKN 381 (8) 526 (13)  .800 (10) 527 (6)
Pecos OrgN 205 (2) 240 (1) ' * 280 (2)
TOTN * 460 (1) * 420 (2)

07 TP 025 (2) 010 (1) 010 2) *
Lower Pecos TKN 500 (2) 400 (1) 1.150 (2) .200 (1)
OrgN * * * , *

08 TP .050 (8) 147 (D) * *
Rio Grande - TKN 350 (2) .825 (4) * *
Falcon OrgN * * * *
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Table A-10 (continued)

Subregion Nutrient Winter - Spring Summer Fall'

09 TP .026 (7) 132.(9) 050 (1) 110 (2)
Lower TKN 750 (2) 567 (3) 700 (1) .850 (2)
Rio Grande OrgN * * * *
Region 13 TP .158 (88) .288 (188) 557 (101) 337 (29)
TKN .678 (61) 1.231 (183) 1.185 (99) .672 (29)
OrgN 240 (21) .630 (150) 418 (57) 328 (6)

TOTN 1.656 (17) 1.695 (140)  2.022 (57) 513 (6)

* No samples taken
( ) = Number of samples

! Winter runoff: January 1 - March 31 > TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31 TOTN = Total Nitrogen
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APPENDIX B

Subregional Analysis of Ambient Concentrations







Appendix B: Brief Interpretation-bf’ Tables B2-B10: Ambient Concentrations

(Table B1 is included for easy reference only. It is identical to Table 6.)

Table B2 - Region 03 (Partial): The Gﬁllf Coast River Systems of the Sbutheast Region

Region 03, we must remember, is the only region whose data is for approiimately half of its
subregions oﬁly. Subregions 01 through 08 and part of 09 flow directly into the Atlan'ti@ while part of
09 and all of 10 mmugh 18. flow into the Gulf. The half of Region 03 flowing into the Gulf of' Mexico
cbvets the geographic area :from southwestern Florida through a small paﬁ of éastem Louisiana.

The quarterly ambient means presented by subregion again show a wide range of nutrient
concentrations (all data is in milligrams per liter). Mean total phosphorus rangled from .05 mg/L in the
spring in Subregion 17, the Pascagoula River system, to .89 mg/L in the winter in Subregion 12, the
Ochlockonee system, though a few very high readings may dominate the latter, as is the case in several
regions. The means generally show a very slight decreése from Table A2; organic and total nitrogen
means, where data exist, are identical. The highest individual sample readings in 1989 include 6.6 mg/L
_ in the summer in the Peace River system in Florida (Subregion 10), 5.6 mg/L in both the Peace River
system (FL) in winter and the Ochlockonee system (Subregion 12), also in winter, and 5.42 mg/L in the
Kissimmee-Okeechobee (Subregion 09) in winter. |

Mean ambient TKN ranged from .416 mg/L in the fall in Subregion 13, the Apalachicola River
system, to0 2.927 mg/L in Subregion 14, the Choctawhatchee-Escambia-Peace (Alabama) system in spring.
Maximum individual samples were an extremely high 98.8 mg/l. in the summer in Subregion 15, the
Coosa-Alabama River system (the mean was still 1.45 mg/l) and 3.04 mg/l. in spring in the
Choctawhatctr.e-Escambia-Peace (Alabama) system. Many subregions had one or more samplés of TKN
of 11 mg/L or higher in thé Gulf rivers of Region 03.

Organic Nitrogen is not reported in every subregion. Mean ambient Organic N ranged from .083
mg/L in spring in the Suwanee River system (Subregion 11) to 2.962 mg/L in spring in the Tombigbee

system, the latter strongly influenced by the highest individual sampling in the region in 1989 of
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13.6 mg/L.. The second highest concentration reported was 9:85 mg/L in summer, leo in the Tombigbee
system.

For Region 03's gulf coast river systems overall, quarterly means of ambient total phosphorus ranged
from .180 mg/L for the fall season to .337 mg/L in winter. Ambient TKN varied from a low 6f 739
mg/L in fall to 1.298 mg/L during the spring. Organic nitrogen means (with many subregiohs not
reporting) were lowest in fall (.780 mg/L) and highest in summer (.982 mg/L). Again, the general trend

shows a very slight decrease from Table A2, which included some nonambient samples.
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Table B-1

USGS Region Summaries: Mean Ambient Nitrogen and Phosphorys
Concentrations by Region

1989: All data in mg/L

Subregion. Nutrient
03 TP?
Southeast (Gulf TKN
of Mexico River  OrgN
Systems Only) TOTN
05 TP
Ohio River TKN
System OrgN
06 TP
Tennessee TKN
OrgN
07 TP
Upper Miss TKN
" OrgN
08 TP
Lower Miss TKN
OrgN
10 TP
Missouri River TKN
System OrgN
11 TP
Arkansas - TKN
Red - White OrgN
River System TOTN
12 TP
Texas Gulf TKN

OrgN

Winter

337 (766)

1.106 (630)
.808 (214)
1.062 (98)

.268 (845)
599 (585)
s

187 (113)
450 (72)
385 (33)

.396 (1160)
1.758 (549)
1.033 (53)

.196 (1016)
856 (681)
*

1.630 (953)
1.929 (434)
543 (D)

301 (794)
1.129 (435)
486 (20)
2.016 (124)

730 (572)
1.003 (403)
*

Spring -

305 (713)
1.298 (704)
.888 (197)
1.311 .(46)

.130 (1404)
.549 (1278)
E 3

.084 (381)

471 (146)
.260 (298)

.286 (2566)
1.419 (1344)
1.576 (194)

.187 (1014)
901 (699)
*

.335 (1346)
1.341 (635)
*

274 (964)
1.007 (499)
464 (112)
1.031 (132)

279 (453)
747 (358)
*

Summer

219 (615)
1.131 (641)
982 (177)
*

.206 (2068)
.649 (1843)
*

.070 (569)
421 (136)
:228 (488)

.350 (3074)
1.587 (1408)
1.418 (234)

.186 (1021)
.828 (669)
*

1.641 (1569)
4.853 (856)
E ]

429 (1153)
1.296 (619)
1.342 (89)

1434 (176)

436 (391)
911 (438)
*

Fall'

.180 (427)
739 (371)
780 (112)

*

309 (916)
.697 (670)
%*

172 (85)
282 (94)
380 (12)

394 (1012)
1.104 (591)
.638 (46)

179 (714)
711 (606)
*

418 (562)
1.526 (201)
]

.526 (423)
1.433 (248)
496 (32)
1.597 (49)

755 (148)
.809 (148)
*




Table B-1 (continued)

Subregion Nutrient Winter Spring Summer Fall'
13 TP? .154 (86) .126 (180) 259 (92) 337 (29)
Rio Grande TKN .580 (59) 553 (175) 783 (90) 672 (29)
System OrgN .155 (19) 294 (142) 305 (48) 328 (6)

TOTN .637 (15) 687 (132) .644 (48) 513 (6)

* No samples taken
( ) = Number of samples

! Winter runoff: January 1 - March 31 ® TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31 TOTN = Total Nitrogen
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Table B-2

Partial USGS Region 03: Southeast Gulf Coast River Systems
Mean Ambient Nitrogen and Phosphorus
Concentrations by Subregion

1989: All data in mg/L

Mobile Bay

B5

Subregion Nutrient Winter - Spring Summer . Fall
09 Partial TP? 227 (90) .298 (105) 251 (96) .086 (67)
Caloosahatchee TKN 1.171 (96) 1.230 (106) 1.530 (93) 1.153 (66)
L. Okeechobee OrgN ‘ .946 (64) 1.102 (60) 1.153 (61) 1.006 (57)
10 TP 371 (168) 549 (118) 664 (43) 342 (39)
Peace (FL) - TKN 1.055 (164) 1.101 (120) 1.388 (42) 909 (39)
Tampa Bay OrgN .842 (103) 944 (50) 2.474 (7) 2.864 (5
TOTN 1.062 (98) 1.311 (46) * *

1 TP 667 (61) 351 (57) .494 (32) 594 (29)
Suwanee - TKN .555 (26) 787 (34) 745 (20) 577 (D)
OrgN 446 (7) .083 (7) 431 (7) - 255 (4)

12 TP . .897 (27) 599 (17) ;352 22) 438 (12)
Ochlockonee TKN 2.877 (7) 1.886 (5) 661 (8) 607 (3)
‘ OrgN 651 (19) 782 (19) 572 (16) .338 (20)

13 TP 275 (185) .191 (190) .148 (198) 142 (117)
Apalachicola TKN .816- (29) 700 47 602 (48) 416 (23)
OrgN 193 (1) 440 (11) 356 (10) Jd45 (1D

14 TP .505 (68) 542 (73) 252 (42) .060 (5'2)
Choctawhatchee TKN 1.454 (98) 2.927 (110) 1.015 (70) 583 (60)
. - Escambia OrgN 812 (10) .650 (13) 693 (20) 544 (11)
15 TP .178 (96) .106 (93) .107 (89) .087 (51)
Coosa - Alabama TKN 1.104 (49) .746 (80) 1.450 (110) 422 (52)
OrgN * 317 (29) 295 (37) .087 (4)

16 TP 133 (26) 098 (22) 074 (25) 085 (22)
Tombigbee - TKN .786 (106) 1.056 (159) 1.034 (170) .550 (79)
OrgN * 2.962 (8) 2.401 (19) *




Table B-2 (continued)

Subregion Nutrient Winter Spring Summer Eall!
17 TP? .065 (16) .054 (10) .107 (35) 739 (8)
Pascagoula TKN 1.713 (24) .613 (15) .768 (39) 2.060 (12)
OrgN * * * *
18 TP 111 (29) .096 (27) 099 (31) 113 (28)
Pearl TKN 1.044 (31) 814 (27) .892 (31) 730 (28)
OrgN * * * *
Region 03 TP .337 (766) .305 (713) 219 (615) .180 (427)
(Partial) TKN 1.106 (630) 1.298 (704) 1.131 (641) 739 (371)
OrgN .808 (214) .888 (197) 982 (177) 780 (112)
TOTN 1.062 (98) 1.311 (46) * *
* No samples taken
( ) = Number of samples
! Winter runoff: January 1 - March 31 2 TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31 TOTN = Total Nitrogen
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" Table B3 - Region 05: The Ohio River System"

Again we should poirﬁ out that the Tennessee River system, which joins the Ohio shortly before it
flows into the Mississippi, has been given its own separate region (06) by the USGS. For the rest of the
Ohio systerh. Region 05, quarterly mean concem.raﬁons for ambient total phosphorqs in the subregions
varied from a low of .032 mg/L in the fall in the Kentucky-Licking rivers area (several other subregions
again also had seasonal means below .1 mg/L) to 1.147 mg/L, also in the fall, in the Middle Ohio
Subreéion (09). The maximum individual samples were 35.7 mg/L in the fall in the Middle Ohio area,
16.0 mg/L in the fall in Subregion 06, the Scioto River area,' and 15.36 mg/L in winter in the Wabash
River Subregion (12). |

Mean ambient TKN in Region 05 in 1989 ranged on a seasonal basisr from a low of .16 mg/L in the
springtime in the Monongahela area (Subregion 02), to 1.55 mg/L in the winter in Subregion 12 (Wabash).
Maximum single readings of‘TKN were 37.0 mg/L in sprihg, 34.0 mg/L in the fall, and 20.0 mg/L in
summer in Subregions 05 (KanaWha River), 12 (Wabash), and 09 (Middle Ohio), respectively.

Organic nitrogen was not measured in Region 05 in 1989.

Fbr the région as a whole, mean ambient total phosphorus in the Ohio Region varied from a low of
.130 mg/L in spring to .309 mg/L in the fall. TKN was steady overall, though not in all subregions: it

| ranged from .549 mg/L in the spring o a high of .697 mg/L in the fall.

‘Excluding the Tennessee tributary system (Region 06).
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Table B-3

USGS Region 05: Ohio River System

Mean Ambient Nitrogen and Phosphorus Concentrations
by Subregion

1989: All data in mg/L

Subregion

01
Allegheny

02
Monongahela

03
Upper Ohio

04
Muskingum

05
Kanawha

06
Scioto

07
Big Sandy -
Guyandotte

08
Great Miami

Nutrient

Winter

.045 (73)
217 (3)
*

075 (64)
.240 (26)
E 3

152 (97)
.585 (49)
*

.182 (36)
.644 (48)
*

.098 (71)
.349 (79)
*

205 (45)
1.033 (36)
' *

.082 (51)

258 (75).
*

128 (21)
797 (29)
]
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Spring

066 (74)
242 (4)
*

093 (61) -

160 (24)
*

133 (95)
463 (59)
*

.088 (129)
397 (164)
a*

.093 (108)
558 (159)
*

.148 (85)
689 (74)
E

055 (74)

207 (111)
*

220 (66)

.835 (105)
*

Summer
.060 (79)
330 (3)

*

076 (69)
371 (27)
*

128 (120)

491 (78)
*

273 (367)
679 (372)
%*

.107 (156)
377 (174)
*

402 (112)
585 (127)
%*

.059 (105)
255 (124)
*

.300 (221)
.656 (233)
*

113 (60)
301 (18)
*

136 (110)
453 (64)
*

.169 (60)
.429 (68)
*

.087 (109)
442 (119)
*

1.102 (84)
901 (104)
*

.042 (33)
217 (58)
%*

313 (17)
537 (16)
*




Table B-3 (continued)

Subregion

09
Middle Ohio

10
Kentucky -
Licking

11
Green

12
Wabash

13
Cumberland

14
Lower Ohio

Region 05

Nutrient

TP
TKN
OrgN

TP
TKN
OrgN

TP

, :

- OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

Winter
162 (23)
.468 (36)

*

.193 (43)
495 (4)
*

064 (25)
436 (26)
%

.682 (197)
1.550 (52)
%*

.059 (23) |

228 (19)
*

324 (76)
.664 (63)
*

.268 (845)
.599 (585)
*

Spring
.088 (91).
332 (106)

Ak

121 (73)
407 (87).
*

.085 (34)
451 (53)
*

189 (298)
1.032 (144)
*

132 (37)
.584 (30)
*®

.144 (179)
.593 (158)
*

.130 (1404)
.549 (1278)
%*

Summer
173 (119)
678 (160)

*®

.154 (66)
424 (78)
¥*

042 (46)
379 (51)
*

.232 (400)
1.098 (239)
E

071 (39)
.353 (33)
%*

224 (169)
932 (144)
*

.206 (2068)
.649 (1843)
]

Fall!

1.147 (40)
557 (53)
*

.032 (13)
582 (15)
*

*
*

.305 (259)
1.448 (118)

.144 (8)
441 (5)
%*

264 (44)
.820 (29)
*

309 (916)
.697 (670)
%

* No samples taken
( ) = Number of samples

! Winter runoff: January 1 - March 31
April 1 - June 30

July 1 - September 30
October 1 - December 31

Spring
Summer

Fall

B9

OrgN

:

Total Phosphorus
Total Kjeldahl Nitrogen
Organic Nitrogen




Table B4 - Region 06: Tennessee River System

Flowing into the Ohio and thence to the Mississippi, the Tennessee River and its tributaries comprise
one of the smaller USGS hydrologic Regions. The Tennessee River system was one of the less polluted
areas in 1989, in terms of nitrogen and phosphorus, when samples are limited strictly to ambient
observations, as before in Appendix A which included some nonambient data.

Mean ambient total phosphorus concentrations presented quarterly for the four subregions ranged
from .05 mg/L in the summer in the Middle Tennessee-Elk Subregion (03), with several seasonal means
below .1 mg/L, to .47 mg/L in the winter in the Lower Tennessee Subregion (04). The highest individual
1989 measurements of TP (total phosphorus) were 2.4 mg/L in the Middle Tennessee-Hiwassee area
(Subregion 02), in the spring season, and 2.34 mg/L in the Lower Tennessee area in winter.

Quarterly ambient TKN means varied from a low of .16 mg/L in the spring in the Middle Tennessee-
Hiwassee Subregion, to 1.76 mg/L in the Middle Tennessee-Elk Subregion, also in the spring. The
maximum sample readings were 4.0 mg/L and 3.9 mg/L in spring and winter, respectively, in the Middle
Tennessee-Elk area.

Seasonal ambient mean organic nitrogen, reported m most subregions and seasons, ranged from .19
mg/L in the Middle Tennessee-Hiwassee area in summer (for data with sufﬁéiem observations), to ;54
mg/L in fall in the Middle Tennessee-Elk subsystem. The highest individual concentration was 4.0 mg/L
in the Middle Tennessee-Elk area in the spring.

For the entire Tennessee Valley, ambient total phosphorus varied from a low of .07 mg/L in summer
to a high of .19 mg/L in winter; TKN from .28 mg/L in fall to .47 mg/L in spring; Aand Organic Nitrogen

from .23 mg/L in summer to .385 mg/L in winter.
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Table B-4
USGS Region 06: Tennessee River System
Mean Ambient Nitrogen and Phosphorus Concentrations
by Subregion '

1989: All data in mg/L

Subregion Nutrient Winter Spring Summer Fall!
01 TP? .110 (69) .082 (82) 086 (97) 100 (47)
Upper Tennessee TKN 322 (57) 347 (106) 315 (110) 278 (85)
OrgN 396 (23) * 292 (15) 307 (7)
02 TP 314 (29) .072 (209) 066 (223) 182 21
Middle Tennessee TKN 465 (6) 164 (20) 500 () *
- Hiwassee OrgN 310 4) .198 (196) .190 (209) 095 (2)
03 TP 097 (1) .089 (73) 051 (232) 172 (12)
Middle Tennessee TKN 1.717 (6) 1.762 (14) 1.007 (19) 320 (6)
- Elk OrgN 438 (4) .380 (102) 255 (262) 537 (10)
04 TP 468 (8) 219 (17) 292 (17) 336 (13)
Lower TKN .320 (3) - .668 (6) 486 (6) 343 (3)
Tennessee OrgN 310 (2) * 180 (2) 420 (D)
Region 06 - TP 187 (113) .084 (381) .070 (569) 172 (85)
TKN - .450 (72) 471 (146) 421 (136) 282 (94)
OrgN 385 (33) .260 (298) . .228 (488) 380 (12)
* No samples taken
( ) = Number of samples
! Winter runoff: January 1 - March 31 > TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31 ’

Bil




Table BS - Region 07: Upper Mississippi River System .

Again, the Upper Mississippi system includes the upper reaches of the mighty river which eventually
drains nearly two-thirds of the surface water in the 48 contiguous states, and all of it tributaries in
Minnesota, Wisconsin, lowa, northern Missouri and Illinois which join it upstream of the Missouri River
(Region 10) on the western bank and the Ohio River (Region 05) on the eastern bank.

Ambient nutrient concentrations are also highly variable in the Upper Mississippi Region, still
without a consistent trend either seasonally or from upstream to downstream. Mean ambient total ‘
phosphorus in each subregion ranged in 1989 from .05 mg/L in winter in the St. Croix River Subregion
(03) and in the fall in the Wisconsin Subregion (07) to a high of .95 mg/L in the winter in the Chippewa
area (Subregion 05). The highest individual phosphorus sample was 29.8 mg/L in the Minnesota River
system (Subregion 02), in the summer, with several samples at or above 10 mg/L in various subregions.

Mean ambient TKN among the subregions ranged from .57 mg/L in the fall season in the Upper
Mississippi-Black-Root system (Subregion 04) to 3.69 mg/L in winter in the Iowa-Skunk-Wapsipinicon
area (Subregion 08). There was a slight trend of increasing concentrations from upstream to downstréam
in some seasons. Maximum concentrations were found at 28 mg/L in the spring in the Upper Mississippi-

Blackroot area (04) and the Minnesota system in summer, 27 mg/L in the fall in the Lower Dlinois River

(13), and 25 mg/L in summer in the Kaskaskia-Meramec area (14).

The means for organic nitrogen, reported in fewer than half of the‘subregions, varied from a low of

4 mg/L in the St. Croix River area in winter to 3.77 mg/L in the Des Moines River subsystem (Subregion
10) in spring. The highest individual ambient concentrations were 27.3 mg/L in summer in the Minnesota
River area, 26.5 mg/L in the spring in Subregion 04, the Uppef Mississippi-Black-Root, and 24.0 mg/L
in spring in the Des Moines River Subregion (10).

For Region 07 overall the mean ambient total phosphorus was fairly steady, ranging from .286 mg/L
in spring to .396 mg/L in winter. Mean TKN varied only from 1.1 mg/L in the fall to 1.76 mg/L in
winter. Seasonal means for ambient organic nitrogen (for those subregions reporting) ranged from a low

of .64 mg/L in the fall to 1.58 mg/L in the spring.




Table B-5

USGS Region 07: Upper Mississippi River System .

Mean Ambient Nitrogen and Phosphorus Concentrations
by Subregion

1989: All data in mg/L

Subregion

01
Mississippi
Headwaters

02 ,
. Minnesota R.

03
St. Croix R.

04
Upper Miss.-
Black-Root

05
Chippewa

06

Upper Mississippi
-Maquaketa-
Plum-Escambia

07
Wisconsin R.

08

Upper
Mississippi-lowa-
Skunk-
Wapsipinicon

Nutrient

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN

OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN

OrgN

Winter

318 (103)
2.196 (74)
946 (15)

299 (70)
2.316 (26)
1.396 (20)

051 (73)
.895 (11)
397 (3)

367 (34)
1.191 (34)
653 (12)

.956 (85
.778 (46)
‘ *

410 21)
1.860 (135)
%*

.190 (63)
1.353 (32)
*

.785 (55)
3.692 (26)
1.193 (3)

B13

Spring

210 (343)
929 (132)
964 (50)

.185 (155)
1.819 (74)
1.244 (51)

152 (169)
1.526 (104)
888 (12)

.714 (146)
2.611 (146)
2.195 (43)

.617 (196)

.768 (130)

*

.222 (30)
.844 (16)
%

234 (118)
1.029 (58)
*

.366 (94)

1.896 (34)

1.602 (25)

Summer

347 (422)
1.248 (182)
947 (49)

524 (176)
2.617 (100)
2.078 (51)

306 (151)
2.116 (69)
745 (11)

321 (131)
1.381 (129)
.823 (44)

.647 (207)
1.033 (93)
*

.703 (36)
2.583 (30)
*

488 (153)
1.307 (41)
a*

464 (157)
1.508 (51)

1402 (61)

Fall'

215 (49)
1.168 (19)
615 (13)

813 (23)
1.352 (13)
.852 (13)

.083 (36)
1.011 (26)
483 (3)

.180 (56)
570 (54)
512 (13)

072 (65).
679 (32)
%*

.184 (24)
733 (18)
) *

.050 (43)
770 (46)
%*

623 (57)
1.189 (28)
550 (4)




Table B-5 (continued)

Subregion Nutrient Winter Spring Summer Fall'
09 TP? .349 (162) 134 (227) 223 (427) .280 (90)
Rock R. TKN 3.053 (32) 1.213 (62) 2.481 (21) 1.433 (21)
OrgN * * * *
10 TP 725 (13) .599 (36) 538 (51) .898 (12)
DesMoines R. TKN 1.750 (14) 1.454 (13) 1.848 (14) 1.500 (12)
OrgN * 3.769 (13) 2.744 (18) *
11 TP 129 (14) 451 (25) 177 (18) 136 (9)
Upper Miss. TKN 1.180 (5) 1.088 (8) 925 (8) 900 (1)
- Salt OrgN * * * *
12 TP 424 (195) .298 (381) 238 (492) 576 (183)
Upper Illinois TKN 1.939 (128) 1.545 (231) 1.461 (279)  1.397 (143)
OrgN * * * *
13 TP 419 (136) 230 (322) 324 (294) .542 (182)
Lower Illinois TKN 1.200 (35) 1.318 (128) 1.561 (140) 1.436 (61)
OrgN & * * *
14 TP .280 (136) 195 (324) 292 (359) 375 (183)
Upper Miss.- TKN 996 (71) 1.171 (208) 1.614 (251) 987 (117)
Kaskaskia- OrgN * * * *
Meramec
Region 07 TP .396 (1160) .286 (2566) 350 (3074)  .394 (1012)
TKN  1.758 (549) 1.419 (1344) 1.587 (1408) 1.104 (591)
OrgN 1.033 (53) 1.576 (194) 1.418 (234) .638 (46)
* No samples taken
() = Number of samples
! Winter runoff: January 1 - March 31 2 TP = Total Phosphorus
Spring .April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31

Bl4




Table B6 - Rgg!‘ jon 08: Lower Mississippi River System Excluding
the Arkansas-White-Red System

Remembering that Region 08, the Mississippi and its tributaries below the Missouri and Ohio
systems, excludes the Arkansas-White-Red (Region 11), ambient concentrations again show few individual
samples with high phosphorus or nitrogen, and the mean concentrations are perhaps lower than some
might expect from the river draining our nation’s entire heartland.

Seasonal ambient mean doncenu'ations for the nine subregions for total phosphorus ranged from ;07
mg/L in the spring season in the Loviér Mississippi-Big Black-Escambia Subregion (06) to a high of only

.446 mg/L in the fall in the Lower Mississippi-St. Francis area (Subregion 02). The highest individual
sample in 1989 had a 6.3 mg/L concentration of phosphorus, in the fall in the Lower Red-Ouéchita
Subregion (04). |

Ambient TKN subregion means varied from a low of .44 mg/L in the summer in Subregions 03

(Lower Miss-Yazoo) and 06 (Lower Miss-Big Black) to a high of 1.46 mg/L in Subregion 08 in the
spring, for subregioﬁs and seasons with at least three observations. The maximum single ambiém samples
had concentrations of 11.26 mg/L TKN in the Louisiana Coastal area (Subregion 08) in the smnﬁxer. and
10.8 mg/L in the fall in the Lower Red-Ouachita Subregion (04).
* Organic nitrogen was not measured in Region 08 in 1989.

For Region 08 as a whole, mean aunbienf total phosphorus was seasonally steady, varying only from

alow of .179 in the fall to .196 in the winter. TKN ranged only from .711 in the fall to .9 in the spring.

These and the subregion means are generally lower than those for the measurements taken upstream,
particularly from the Missouri River system (Region 10) and the Arkansas-White-Red rivers system
(Region 11), and even somewhat lower in general than those for the Upper Mississippi Region. Several

posSible interpretations are suggested in Appendix A, with a combination of processes most likely.




Table B-6

USGS Region 08: Lower Mississippi River System Excluding Arkansas-
White-Red (Region 11)
Mean Ambient Nitrogen and Phosphorus Concentrations -
by Subregion

1989: All data in mg/L

Subregion

01
Lower Mississippi
R. - Hatchie

02
Lower Miss.-
St. Francis

03
Lower Miss.-
Yazoo

04
Lower Red -
Ouachita

05
Boeuf -
Tensas

06

Lower Miss.-
Big Black

- Escambia

07
Lower Miss.-
Lake Maurepas

08
Louisiana
Coastal

Nutrient

Winter

.161 (23)
1.100 (1)
*®

.188 (87)
815 (13)
*

262 (243)
.483 (138)
X

.089 (294)
526 (199)
*

.286 (54)
1.373 (91)
*

193 (7)
1.257 (7)
*

.198 (66)
1.005 (58)
*

274 (103)

1.303 (89)
*

Bl6

Spring

.114 (43)
.684 (13)
E ]

.259 (60)
797 (21)
*

190 (292)
507 (125)
*

.097 (279)
621 (226)
*

.330 (86)
1.320 (85)
*

.073 (6)
517 (6)
*

218 (56)
1.127 (49)
*

277 (103)
1.460 (91)
*

-

Summer

.143 (33)
.892 (18)
*

.398 (100)

872 (17)
*

.181 (209)
440 (107)
*

132 (325)
726 (204)
*

205 (91)
1.131 (91)
*

.110 (4)
443 (3)
*

.184 (65)
945 (57)
*

178 (97)
1.009 (89)
*

.446 (43)
713 (11)
S

192 (82)
513 (82)
*

131 (229)
569 (197)
*

159 (92)
1.014 (91)
*

*

6.340 (1)
%*

176 (64)
.640 (52)
*

.174 (101)

721 (90)
*




Table B-6 (continued)

Subregion Nutrient Winter Spring * Summer Fall'
09 TP 199 (99) 193 (89) 174 97) 198 (89)
Lower TKN 1.081 (85)  1.172 (83) 963 (83) 883 (81)
Mississippi R. OrgN * * * *
Region 8 TP .196 (1016)  .187 (1014) .186 (1021) 179 (714)
TKN 856 (681) 901 (699) .828 (669) 711 (606)
OrgN * * * *
* No samples taken
() = Number of samples
1 Winter runoff: January 1 - March 31 2 TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldah! Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen

Fall October .1 - December 31
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Table B7 - Region 10: The Missouri River System

The thirty subregions of the Missouri system have some of the highest individual ambient sample
concentrations in the study, and some of ‘the higher subregion means. Its upper reaches are frozen and
therefore not sampled in the winter and fall seasons. Though it is the largest geographic USGS Region,
the smaller flow of water from the Missouri system than the Ohio means that less impact is actually felt
in the Gulf of Mexico.

The lowest ambient subreéion mean concentration in Region 10 for total phosphorus in 1989 was
.024 mg/L in Subregion 06, the Missouri-Poplar area, in the fall, for those subregions and seésons with
sufficient observations. The highest means were 18.12 ﬁlg/L and 11.16 mg/L in the summer and winter,
respectively, in the Cheyenne River subsystem (Subregion 12). Both of these high means were dominated
by extremely high individual samples with 830.0 mg/L summer and 1102.0 mg/L winter concentrations,
the maximum obsérvations for the region. The next highest single sample was 30.9 mg/L in summer in
the Missouri-White Subregion’(14).

Seasonal ambient means for TKN in Region 10 ranged from a low of .30 mg/L in the fall in the
Missouri-Nishnabotna Subregion (24) to 153.76 mg/L in the Cheyenne Subregion in summer, the latter
again dominated by a single sample measurement, of 1300.0 mg/L, the maximum for the region. The next
highest individual sample concentrations were 39.0 mg/L in the summer and 32.0 mg/L in the fall, both
in the South Platte Subregion (19). Means quoted are for subregions and seasons with sufficient
observations. |

Organic nitrogen was measured in only one subregion of the.thiny, and in only one season.

For the entire Missouri Region as a whole, the seasonal ambient mean total phosphorus varied from
.335 mg/L in the spring to a high of 1.641 mg/L in summer; TKN seasonal means ranged from 1.341

mg/L in the spring to 4.853 mg/L in the summer.
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Table B-7

USGS Region 10: Missouri River System
Mean Ambient Nitrogen and Phosphorus Concentrations
by Subregion ,

1989: All data in mg/L

Subregion

01
Saskatchewan

02
Missouri
Headwaters

03
Missouri -
.Marias

04
Missouri -
Musselshell

05
Milk

06
Missouri-
Poplar-
Escambia

07

Upper
Yellowstone

08
Big Horn

Nutrient

i

TKN
OrgN

TP
TKN

OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN

 OrgN

TP
TKN
OrgN

TP
TKN
OrgN

Winter

&*
%*
¥

%*

*

.030 (3)
367 (3)
*

.040 (3)
520 (5)
*

.698 (5)
2.640 (5)
*

079 (8)
1.225 (8)
. *

035 (2)
400 (2)
’ *

112 (22)
589 (19).
*

Bi9

Spring
.020 (1)
300 (1)

. *

097 4)
*

*®

.036 (12)
.420 (10)
*

.046 (9)

432 (8)
. E ]

075 4)
700 (4)
: *

057 (11)
736 (11)
*

063 (6)
550 (2)
&

.097 (48)
2.413 (23)
&

Summer
.020 (1)
200 (1)

%*

135 (2)
*®

*

052 (8)
.367 (6)
*

037 (10)

472 (9)
*

053 (3)
833 (3)
*

051 (12)
.873 (15)
x

028 (5)
450 (2)
*

.057 (39)
.695 (22)
*®

.030 (3)
300 (2)
*

.040 (4)
360 (5)
*

.033 (6)
.600 (4)
*

.024 (8)
.700 (8)
*

030 2)
1.900 (1)
*

075 (15)
350 (6)
*




Table B-7 (continued)

Subregion

09
Powder -
Tongue

10
Lower
Yellowstone

11
Missouri -
Little Missouri

12
Cheyenne

13
Missouri -
Oahe

14
Missouri -
White

15
Niobrara

16
James

17
Missouri -
Big Sioux

18
North Platte

Nutrient .

TP?
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN

OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

Winter

.084 (28)
500 (11)
*

.893 (3)
1.533 (3)
*

510 (1)
2.600 (1)
%k

11.159 (102)
1.155 (11
%

254 (62)
1.993 (26)
%

.458 (20)
625 (4)
E

.168 (34)
1.167 (3)
E

543 (41)
2.798 (30)
E

798 (41)
1.133 (3)

i

.160 (37)
1.066 (15)
P

Spring
.179 (69)
557 (23)

*

.038 (4)
1.050 (2)
*

.454 (6)
1.318 (5)
%*

.195 (138)
647 (42)
*

243 87)
1.624 (30)
*

945 (30)
899 (7)
*

- .145 (47)

1.237 (18)
E

369 (75)
1.798 (44)
*

380 (48)
718 (9)
*

122 (72)
1.484 (37)
*

Summer

.654 (31)
514 (7)
*

.046 (5)
720 (5)
*

079 ()
850 (2)
*

18.120 (100)
153.760 (17)
*

.169 (109)
2.097 (23)
*

3.201 (25)
1.484 (8)
*

351 (119)

1.201 (90)
%

.820 (155).

2.878 (136)
*

584 (51)
1.149 (8)
*

.235 (70)
1.269 (45)
*

- .037 (3)
425 (4)
*

036 (6)
600 (3)
*

222 (87)
555 (5)
*

.084 (26)
725 (8)
*

316 (14)
540 (2)
*

138 (22)
2.286 (12)
*

.664 (19)
1.750 (3)
*

923 (38)
815 (4)
*

167 (22)
2.779 (15)
*




Table B-7 (continued)

Subregion

19
South Platte

20
Platte

21
Loup

22 :
Elkhorn

23
Missouri -
Little Sioux

24
Missouri -
Nishnabotna

25
Republican

26
Smoky Hill

27
Kansas

28
Chariton -
Grand

Nutrient

TP
TKN
OrgN

TP
TKN

OrgN

TP
TKN

OrgN

TP
TKN

OrgN -

TP
TKN
OrgN

TP
TKN
OrgN

TP .

TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

Winter

1.133 (87)
5.162 (55)
ix

.692 (25)
2.216 (19)

%k

.240 (41)
1.056 (8)

e

426 (17)
1.334 (14)
*

498 (26)
1.354 (19)
543 (1)

215 (30)
1.220 (11)

*

.159 (26)
853 (3)
*

373 (39)

625 4)

i

.536 (197)
1.523 (133)

&

144 (7)
829 (7)
*

- Spring

591 (126)
1.514 (75)
*

723 (33)
2.035 (32)
*

256 (43)
895 (11)
*

353 (18)

1.269 (18)
x

.540 (24)
1.574 (24)
*

310 (43)

2.096 (13)
*

298 (35)
1.110 (9)
*

.360 (61)

1.167 (6)
E

.408 (190)
1.383 (125)
*

177 (24)
1.241 (19)
*

- Summer

.293 (181)

1.734 (127).
*

618 (24)
1.987 (22)
. *

395 (44)
2.032 (13)
%

744 (19)
2.621 (18)
E

1.487 (26)
2.036 (26)
*

277 (712)

© 1.340 (9)
.

.689 (49)
1.261 (25)
*

1.119 (80)
1.270 (15)
*®

553 (175)
1.505 (88)
*

.393 (35)
1.039 (36)
*

Fall'

.620 (111)
2.162 (67)
*

427 (11)
1.799 (11)
*

182 (4)
397 (3)
%

197 (3)
1.303 (3)
*®

.688 (8)
1.600 (7)
' *

186 (16)

300 (4)
*

211 (11)
1.040 (1)
*

231 (24)
*

*

449 (45)
.867 (9)
*®

.100 (3)
.600 (3)
*




Table B-7 (continued)

Subregion Nutrient Winter - Spring Summer Fall!
29 TP? 091 27) 107 (52) .149 (94) 288 (18)
Gasconade - TKN 489 (9) .674 (16) 3.335 (72) 200 (1)
Osage OrgN * * * *
30 TP 1.814 (17) 1.093 (26) 976 (18) 1.387 (14)
Lower TKN 567 (3 .800 (11) 663 (6) *
Missouri OrgN * * * *
Region 10 TP 1.630 (953) .335 (1346) 1.641 (1569) 418 (562)

TKN 1.929 (434) 1.341 (635) 4.853 (856) 1.526 (201)

OrgN 543 (D) * : * *

* No samples taken
() = Number of samples

Total Phosphorus

! Winter runoff: January 1 - March 31 TP =
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December .31 '
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Table BS - Region 11: The Arkansas-White-Red System

When only ambient nutrient samples are included, the Arkansas-White-Red River Region still
appears to be one of the regions with higher nutrient concentrations, with some individual samples
ﬁmMg very high.

Total ambient phosphoﬁs seasonal means for Region 11’s subregions ranged from a low of .03 mg/L
in the Upper Cimarron Subregion (04) in the winter, o a high of 1.622 mg/L in the Lower Canadian area,
Subregion 09, in the fall. The highest individual measurement of TP in 1989 was 12.4 mg/L in the
summertime in Subregion 11, the Lower Arkansas area. |

Seasonal means of ambient TKN varied from a low of .374 mg/L in the Lower Canadian Subregion
in the spring, to reports of 3.974 mg/L in winter in Subregion 02, the Upper Arkansas, for subregions with
a sufficient number of samples per season. The maximum single observation of TKN in 1989 was 31.0
mg/L in summer in the Upper Arkansas area, with many individual samples having concentrations over
10 mg/L.

Organic nitrogen was measured in four subregions in Region 11. The lowest mean ambient
subregion organic N was 065 mg/L in spring for the Lower Canadian Subregibn (09). The highest
subregion mean was 1.755 mg/L in Subregion 08 (Upper Canadian). Many samples were quite high in
organic nitrogen as well as TKN; the maximum individual organic N reading was 26.28 mg/L in summerv
in the Upper Canadian area.

For the entire Region 11, mean aﬁnbient total phosphorus concentrations for 1989 ranged from a low

“of 274 in spring to .526 in the fall; TKN varied from 1.007 in épring to 1.433 in the fall; and 6rgMc

nitrogen ranged from a low of 464 in spring to 1.342 in summer.

Subregion 11 (Lower Arkansas) had the highest individual total nitrogen concentrauons in all four
seasons, with a maximum of 21.68 in the summer.
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Table B-8

USGS Region 11: Arkansas-White-Red System |
Mean Ambient Nitrogen and Phosphorus Concentrations
by Subregion

1989: All data in mg/L

Subregion
01

Upper White

02

Upper
Arkansas

03
Middle
Arkansas

04

Upper
Cimarron

05
Lower
Cimarron

06
Arkansas -
Keystone

07
Neosho -
Verdigris

08

Upper
Canadian

Nutrient

TOTN

OrgN
TOTN

OrgN
TOTN

Winter

117 (154)
1.057 (60)
Bx*

1.081 (14)
3.974 (35)
*®

.624 (60)
1.500 (1)
&

.026 (5)
333 (6)
E 3

367 (7)
1.286 (8)

*
1.898 (5)

160 (5)
.846 (5)
*

1.147 (3)

.588 (100)
.683 (34)
360 (1)
980 (10)

015 (2)
300 (2)
*®

k
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Spring

153 (181)
714 (72)
*

429 (27)
1.676 (41)
*

.708 (68)
900 (1)

.058 (10)
500 (6)
Tk

187 (3)
867 (3)
*

*

105 (2)
1.000 (2)
*

%*

412 (123)
687 (12)
515 Q2)

%

.126 (90)
.684 (77)
441 (91)
682 (91)

Summer

.296 (135)
742 (65)
*

342 (28)
1.868 (73)
*

.306 (107)
2.600 (1)
*

.044 (16)
S00 (2)
*

700 (5)
560 (7)

*
902 (5)

347 (7)
787 4)
*

.920 (3)

.568 (148)
702 (21)
470 (3)
530 (9)

. .408 (42)

1.789 (42)
1.755 (38)
2.022 (38)

Fall'
773 (43)
941 (31)

*

082 (5)
4.155 (33)
%*

409 (41)
*

I

070 (2)
400 (2)

¥

B R R B 3

R I R 2

534 (60)
893 (7)
395 (2)

%*

010 (1)
400 (1)
*

*




" Table B-8 (continued)

Subregion Nutrient Winter Spring Summer Fall'
09 TP? 599 (13) 204 (6) 1.622 (48) 197 (13)
Lower TKN 1.435 (11) 374 (1) 3.240 (46) 821 (14)
Canadian OrgN * 065 (4 1.302 (34) 619 (12)
TOTN 2.698 (5) 1.080 (4) 992 (12) .851 (12)
10 TP 450 (14) .116 (37) .198 (40) 120 (1)
North TKN 1.093 (12) 1.344 (28) 1.048 (24) 400 (1)
Canadian OrgN * * ' * *
TOTN 2357 (D) * 929 (7 *
11 TP .265 (236) 361 (224) :560 (315) 776 (146)
Lower TKN .800 (156) 1.112 (127) 1.093 (180) 1.276 (91)
Arkansas OrgN 493 (19) 705 (15) 507 (14) 451 (17)
TOTN 2.091 (84) 1.886 (37) 1.438 (90) 1.839 (37)
12 TP .133 (8) .114 (5) .192 (6) .020 (1)
Red Headwaters TKN .635 (6) 1.020 (5) .826 (8) 500 (1)
OrgN * * * *
TOTN 3.010 (1) * 700 (1) *
13 TP 450 (19) 083 (3) 231 (13) 377 (3)
Red-Washita TKN 1.459 (14) 733 (3) .882 (13) .650 (2)
OrgN * * ' * *
TOTN 2.526 (5) * 1.677 6 *
14 TP 126 (157) .139 (185) 157 (243) 213 (107)
Red-Sulphur TKN 793 (85) 1.081 (115) 964 (133) .800 (65)
OrgN * * ok *
TOTN 1.488 (4) * 1.000 (5 *
Region 11 TP 301 (794) 274 (964) 429 (1153) 526 (423)
‘ TKN 1.129 (435) 1.007 (499) 1.296 (619)  1.433 (248)
OrgN 486 (20) 464 (112) 1.342 (89) 496 (32)
TOTN 2.016 (124) - 1.031 (132) 1.434 (176) 1.597 (49)
* No samples taken
( ) = Number of samples
! Winter runoff: January 1 - March 31 2 TP = Total Phosphorus -
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31 TOTN = Total Nitrogen
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Table B9 - Region 12: The Texas Gulf Region

Again, the Texas Gulf Region consists of several individual river systems flowing into the Gulif of
Mexico, from the Sabine River on the Texas-Louisiana state ﬁne westward to the Nueces néar the southemn
tip of Texas. Though all quarterly means are idéntical to those in Table A9, we present them again for
continuity. |

Subregion seasonal mean concentrations for ambient total phosphorus ranged from .02 mg/L‘in
summer in Subregion 11, the Nueces-Southwestern Texas Coa'xstal area, to the highest mean of 1.5 mg/L
in the summer in the Central Texas Coastal Subregion (10), for subregions and seasons with three or more
observations. Several quarterly means were below .1 mg/L in this region. Maximum individual
measurements in 1989 were 8.2 mg/L in the Central Texas Coastal area in winter, 7.7 mg/L. in the
Galveston Bay-San Jacinto Subregion (04) in spring and 7.6 mg/L in winter in the same subregion.

Quarterly ambient TKN means varied from a low of .37 mg/L in summer in the Nueces-.
Southwestern Texas Coastal Subregion to 1.63 mg/L in Subregion 05, the Brazos Headwaters, for
subregions and seasons with sufficient data. The highest individual samples had TKN concentrations of
17.0 mg/L in winter in the Galveston Bay-San Jacinto Subregion, 16.0 mg/L in winter in Subregion 09,
the Lower Colorado-San Bemard Coastal Subregion, and 14.0 mg/L in summer in the Middle Brazos
Subregion (06).

Organic nitrogen was not reported in Region 12. For the entire Texas Gulf Region seasonal means
of ambient total phosphorus varied from a low of .28 in spring‘ t0 .76 in the fall; TKN means ranged from

.75 in the spring to 1.0 in the winter.
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Table B-9

USGS Region 12: Texas Gulf Region

Mean Ambient Nitrogen and Phosphorus Concentrations
by Subregion

1989: All data in mg/L

Subrcgjdn‘

01
Sabine

02
Neches

03
Trinity

04
Galveston

Bay - San Jacinto

05
Brazos

Headwaters

06
- Middle
Brazos

07

Lower Brazos

08

Upper Colorado

Nutrient

Winter

.109 (18)
905 (14)
%

492 (12)
.640 (10)
%*

772 (95)
1.019 (76)
%*

1.325 (149)
1.241 (81)
*

.045 (5)
675 (4)
i

440 (63)
.865 (57)
: *

127 (59)
691 (54)
%*

1,060 (2)
1.000 (2)
i
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Spring

125 (17)
851 (14)
*

252 (10)
1.557 (1)
*

301 (62)
.910 (59)
%*

.670 (70)
1.126 (43)
*

063 (5)
500 (2)
*

.183 (56)
.663 (49)
*

: 082 (50) -

580 (56)
x*

.080 (1)
.600 (1)
%*

Summer

066 (11)
.849 (13)
*

.068 (5)
760 (5)
. *

255 (72)
.826 (74)
*

527 (139)
1.088 (139)
*

037 (3)
1.633 (3)
*

434 (53)
1.112 (65)
*

.064 (48)
735 (60)
*

145 2)
2.150 (2)
*®

055 (4
500 (4)
*

2.231 (17)
1.118 (17)
*

689 (49)
829 (49)
*

.010 (1)
400 (1)
*

1.334 (8)
1.150 (8) -
"

1.030 (3)

.700 (3)
' , *

060 (1)
.500 (1)
*




Table B-9 (continued)

Subregion Nutrient Winter Spring Summer Fall!
09 ‘ TP? 426 (68) .105 (99) .099 (22) 290 (25)
Lower Colorado - TKN 1.264 (66) 509 (87) .557 (35) J11 (28)
San Bernard OrgN * * * *
Coastal
10 TP 811 (73) 464 (56) 1.491 (33) .646 (27)
Central Texas TKN 919 (32) .809 (33) .682 (36) .687 (24)
Coastal OrgN * * -o* *
11 TP 547 (28) .188 (27) 020 (3) 075 (2)
Nueces - TKN 414 (7) 714 (7) .367 (6) 750 (2)
Southwestern OrgN * * * *
Texas Coastal
Region 12 TP 730 (572) 279 (453) 436 (391) 755 (148)
TKN 1.003 (403) 747 (358) 911 (438) .809 (148)
OrgN * * * *

* No samples taken
() = Number of samples

! Winter runoff: January 1 - March 31 > TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31
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Table B10 - Region 13: The Rio Grande System

The Rio Grande Region has a few subregions (especially the Rio Grande-Elephant Butte and
Mimbres areas near its headwaters), we should remember, with a large number of samples in some seasons
of 1989, while some other subregions have very few obsewaﬁom for some nutriénts as noted in Table
9. The quarterly means for subregions again do not have as much variability in nutrient concentrations
as some other regions. |

Mean ambient total phosphorus ranged from a low of 026 mg/L in the Lower Rio Grande valley
in the winter to .59 mg/L. in summer in the Rio Grande-Amistad Subregion (04), for those subregions
with several observén’ons per season. The maxirnum individual sample in 1989 was 4.7 mg/L in the fall
in the Elephant Butte area (Subregion 02).

Mean ambient TKN concentrations by subregion varied from .381 mg/L in the Upper Pecos
Subregion in wintertime to 1.825 mg/L in summer in Subregion 04, the Rio Grande-Amistad area, again
for those subregions and seasons with sufficient sampling. The highest single sample was in the spring
in the Rio Grande-Elephant Butte Subnegioﬁ (02):. 17.2 mg/L.

| Organic nitrogen is measured in only a few subregions. The lowest mean of ambient samples for
a subregion and season with sufficient sampling was .149 mg/L in winter in the Elephant Butte area; the
highest such mean was .507 in spring in the Rio Grande-Mimbres Subregion (03). A 3.7 mg/L reading
was the maximum single measurement, in the same Elephant Butte Subregion in spring.

For the entire Rio Grande system, 1989 total phosphorus means ;anged from a low of .126 ﬁlgjL
in spring toa high of .337 mg/L in fall. Ambient TKN means varied from 553 mg/L in spring to a
" seasonal high of‘ .783 in summer. Ambient organic nitrogen, for those subregions reporting, ranged from

.155 in winter to .328 in the fall.
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Table B-10

USGS Region 13: Rio Grande System
Mean Ambient Nitrogen and Phosphorus Concentrations
by Subregion

1989: All data in mg/L

Subregion Nutrient Winter Spring Summer Fall'
01 TP? 084 (11) 082 8 075 (10) 107 (3)
Rio Grande TKN 300 (D 550 (2) 600 (1) 600 (2)
Headwaters OrgN * * * *
02 TP 201 (25) .142 (106) .324 (60) 514 (14)
Rio Grande - TKN 455 (23) 529 (113) 717 (68) 756 (13)
Elephant Butte OrgN 149 (17) 227 (107) 305 (48) 352 (4)
TOTN 637 (15) 645 (97) .644 (48) 560 (4)

03 TP .489 (9) 091 (36) 155 (2) 310 (D
Rio Grande - TKN 1.317 (6) .614 (35 1.000 (2) 400 (1)
Mimbres OrgN * .507 (34) * *
’ TOTN * 812 (34) * *

04 TP 147 (12) 305 (2) 590 (3) 720 (2)
Rio Grande - TKN 667 (12) .600 (3) 1.825 (4) 933 (3)
Armistad OrgN. * + . .
05 TP 025 (2) ' * - .030 (2) 040 (D)
Rio Grande TKN 400 (2) 400 (1) 400 (2) 200 (1)
Closed Basins OrgN : * * * *
06 TP 050 (9) 069 (11) 120°(12) 042 (6)
Upper TKN 381 (8) 526 (13) .800 (10) 527 (6)
Pecos OrgN 205 (2) 240 (1) * 280 (2)
TOTN * 460 (1) * 420 (2)

07 TP 025 (2) 010 (1) 010 (2) *
Lower Pecos TKN 500 (2) 400 (1) 1.150 (2) 200 (1)
OrgN * * *

08 TP .050 (8) 147 (D) * *
Rio Grande - TKN 350 (2) 825 4) * *
Falcon OrgN * * * *
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Table B-10 (continued)

Subregion Nutrient Winter Spring Summer Fall'
09 TP? 026 (7) 132 (9) .050 (1) 110 (2)
Lower TKN 750 (2) 567 (3) 700 (1) .850 (2)
Rio Grande OrgN * * * *
Region 13 - TP .154 (86) .126 (180) 259 (92) 337 (29)
o TKN .580 (59) 553 (175) .783 (90) 672 (29)

OrgN .155 (19) 294 (142) .305 (48) 328 (6)

- TOTN .637 (15) .687 (132) .644 (48) 513 (6)

* No samples taken
() = Number of samples

! Winter runoff: January 1 - March 31 ® TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31 TOTN = Total Nitrogen
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APPENDIX C

Regional Estimates of Gulf Coast Loadings







Appendix C: Brief Interpretation of Tables C2-C10: Ambient Loadings

(Table C1 is included for easy reference only. It is identical to Table 7)

Table C2 - Region 03 (Partial): Nutrient Loadings in the Gulf Coast River Systems
of the Southeast Region

Again vwe must point out that analysis of Region 03 for the Gulf of Mexico Project includes only
part of subregion 09 and all of subregions 10-18, those whose waterways flow into the Guif of Mexico.
As was the case with nutrient concentrations, there is a wide range of nutrient loadings m this part of the |
Southeaét Region. All data is in pounds per day (Ibs/day).

Mean total phosphorus loadings ranged from a seasonal low of 1 (one) Ib/day in the spring in
subregion 14, the Choctawhatchee-Escambia system, to a high 6f 30,551 Ibs/day in subregion 16, the
Tombigbee-Mobile Bay system. The second and third highest quarterly phosphorus means, however, are
5,360 lbs/day in spring, again in the Tombigbee-Mobile Bay subregion, and 3,944 1bs/dz.1y in subregion
13, the Apalachicola River system, again in the spring. The highest individual samples found in this
region were 180,147 lbs/day in subregion 16, the Tombigbee-Mobile Bay area in winter; 54,477 lbs/day
in the spring and 29,660 lbs/day in winter, both in subregion 15, the Coosa-Alabama Rivers system. Note
that the Coosa-Alabama system feeds into the Tombigbee not far upstream of Mobile Bay, and apparently
accoﬁnts for much of the .higher nutrient pollution in subregion 16. |

Quarterly ambient mean Total Kjeldahl Nitrogen (TKN) loadi_ngs varied from a low of 50 lbs/day
in the spring in subregion i4. the Choctawhatchee-Escambia system, to 71,003 1bs/day in the winter in
the Tombigbee-Mobile Bay subregion. The highest in&ividual measurements were 359,225 Ibs/day in the
winter in the Tombigbee-Mobile Bay sui:region; 217 ,908.lbs/day in spring and 197,736 lbs/day in winter
in the Coosa-Alabama system. This patterh is similar to that for phosphorus loadings.

Organic nitrogen loadings were measured in too few subregions and seasons of the partial Region
03 to provide a meaningful comparison. |

For Region 03’s Gulf Coast river systems in total, seasonal means of ambient total phosphorus
loadings ranged from a low of 1,364 lbs/day in the summer to 4,315 Ibs/day in the winter. Ambient TKN

mean loadings varied from 3,983 Ibs/day in the summer to 13,197 lbs/day in the winter. Organic nitrogen

Cl




was not measured in all seasons.
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Table C-1

S—c——
—

USGS Region Summaries: Mean Ambient Nitrogen and Phosphorus
Loadings by Region “

1989: All data in lbs/day

Fall'

Region Nutrient Winter Spring Summer
03 TP? 4315 (180) 2295 (170) 1364 (169) 1538 (111)
Southeast (Gulf TKN 13197 (90) 11345 (100) 3983 (92) 5829 (28)
of Mexico River = OrgN * 8 (14) 6 (22) S @
Systems Only)
05 TP 84856 (281) 50621 (311) 9806 (333) 10742 (128)
Ohio River TKN 153703 (249) 152129 (270) 37560 (312) 48096 (118)
System OrgN * * * *
06 TP' 2816 (8) 237 (37) 777 (22) 14070 (4)
Tennessee TKN 9502 (4) 1169 (33) 756 (20) 5717 (1)
OrgN 14025 (2) 107 (3) 20581 (5) 67798 (1)
07 TP 5670 (276) 5017 (440) 7451 (293) 1450 (133)
Upper TKN 40311 (199) 61588 (218) 44435 (195) 8823 (109)
Mississippi OrgN 250 (1) 6161 (10) 40 O 86 (3)
08 TP 5158 (192) 19097 (246) 15455 (185) 41987 (16)
Lower TKN 904023 (26) 329792 (37) 144973 (25) 133620 (15)
Mississippi OrgN * * * *
10 TP 2148 (426) 1006 (541) 2209 (339) 379 (146)
Missouri River TKN 5606 (311) 5288 (401) 10671 (216) 1760 (103)
System - OrgN 111 (3 : * * ' *
11 TP 5775 (196) 5488 (187) 3687 (118) 1078 (30)
Arkansas - TKN 26267 (117) 32327 (124) 14924 (128) 3963 (54)
Red - White OrgN * * * L*
River System
12 TP 1845 (199) 2409 (183) 1689 (168) 696 (90)
Texas Gulf TKN 3598 (171) 12000 (160) 6736 (171) 902 (74)
L * % *




Table C-1 (continued)

13 TP? 345 (37) 229 (30) 829 (38) 176 (26)
Rio Grande TKN 1243 (31) 1231 (30) 2554 (38) 627 (24)
System OrgN * * * *
* No samples taken
() = Number of samples
! Winter runoff: January 1 - March 31 > TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31
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Table C-2

Partial USGS Region 03: Southeast Gulf Coast River Systems
Mean Ambient Nitrogen and Phosphorus
Loadings by Subregion

1989: All data in lbs/day

Subregion Nutrient Winter * Spring Summer Fail!
09 Partial TP? 51 (3) 57 (4) 102 (4)
Caloosahatchee "TKN 1854 (3) 1355 (4) 747 (4)
L. Okeechobee OrgN * * *
10 TP 297 (38) 136 (26) 353 (17) 5(Q)
Peace (FL) - TKN 557 (39) 143 (24) 399 (16) 122 (2)
Tampa Bay OrgN * * . % *
11 TP 343 (23) 444 (22) 477 (22) 387 (19)
Suwanee TKN 1796 (6) 3401 (5 4979 4) 5018 (3)
OrgN * * * *
12 TP 350 (1D 1040 (11) 881 (11) 396 (9)
Ochlockonee TKN 1417 (3) 6220 (2) 379 (2) 670 (2)
‘ OrgN * * * *
13 TP 2283 (35) 3944 (35 2659 (37) 3536 (36)
Apalachicola TKN - 13038 (8) 28226 (9) 8416 (7) 19830 (6)
OrgN * ‘ * * *
14 TP 973 (4) 1 (6) 373 4) 690 (4)
Choctawhatchee - TKN 11261 (4) 50 (13) ~ 1433 (10) 8344 (3)
- Escambia OrgN * 1 (4) 3 (5 *
15 TP 3792 (47) © 3192 (46) 1620 (56) 846 (35)
Coosa - Alabama TKN 23896 (14) 19459 (27) 6621 (31) 265 (9)
OrgN . * 7 (6) 5 (12) 5 (@)
16 TP 30551 (16) 5360 (14) | 770 (16) 11 (6)
Tombigbee - TKN 71003 (9) 25965 (10) 3377 (15) 64 (3)
Mobile Bay OrgN * 14 4 ° 91 *
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Table C-2 (continued)

Subregion Nutrient Winter Spring Summer Fall!
17 TP? 1209 (2) 1047 (4) 822 (1) |
Pascagoula TKN 6881 (3) 11387 (4) 2941 (2)
OrgN * x* ]
18 TP 250 (1) 548 (2) 231 (1)
Pearl TKN 1877 (1) 5483 (2) 1384 (1)
OrgN * * *
Region 03 TP 4315 (180) 2295 (170) 1364 (169) 1538 (111)‘
(Partal) TKN 13197 (90) 11345 (100) 3983 (92) 5829 (28)
OrgN * 8 (14) 6 (22) -5 @

* No samples taken
( ) = Number of measurements

! Winter runoff: January 1 - March 31 2 TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen -
Fall October 1 - December 31
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Table C3 - Region 05: Nutrient Loadings in the Ohio River System® |

Region 05, extending from far southwestern New York State through Wegt Virginia to westem
Kentucky and eastern linois. Even without its tributary Tennessee River system, which flows into the
western most part of the Ohio and encompasses Region 06, the Ohio River system has some of the .largest
ﬂows'of water contributing to some of the higher nutrient loadings flowing toward the Guif of Mexico.
The nutrient concentrations were not generally high, but the loadings certainly are.

For Region 05, seasonal means for ambient total phosphorus loadings ranged from a low of 161
1bs/day in the summer in the Cumberland subregion (13) to 843,190 Ibs/day in the Lower Ohio River area
(subregion 14), which carries the waters of all of the Ohio’s tributaries. Other high means include 267,766
1bs/day in the spring, again in the Lower Ohio, and 143,031 Ibs/day in the spring in the Middle Ohio area,
subregion 09. The highest individual measurements were 11,030,000 1bs/day in the winter and 1,023,000
lbs/day in spring both in the Lower Ohio subregion.

The mean quarterly ambient TKN loadings in 1989 for Region 05’s subregions varied from lows of
896 Ibs/day in the fall in the Wabash River area (subregion 12), based on only three measurements, and
1280 lbs/day in the summer in subregion 10, the Kentucky-Lickings Rivers area, to highs of 1,010,000
Ibs/day in the winter and 626,217 Ibs/day in the spring, both in the Lower Ohio area. The Middle Ohio
subregion also had some very high loadings of TKN. The highest individual measurements of TKN in
the Ohio River region in 1989 were 4,989,000 lbs/day in winter and 2,669,000 1bs/day in spring, both
again in the Lower Ohio, or most downstream, subregion of USGS Region 05.

Organic nitrogen loadings were not measured in Region 05 in 1989.

For the region overall, mean quarterly ambient total phosphorus loadings ranged from 9,806 1bs/day
' in the summer to 84,856 Ibs/day in the winter. Comparable mean TKN loadings varied from a low of
37,560 lbs/day in the summer to 153,703 lbs/day in the winter. Spring loadings were nearly as high,

averaging 152,129 lbs/day.

Excluding the Ténnessce tributary system (Region 06)
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Table C-3

USGS Region 05: Ohio River System
Mean Ambient Nitrogen and Phosphorus Loadings
by Subregion

1989: All data in lbs/day

Subregion

01
Allegheny

02
Monongahela

03
Upper Ohio

04
Muskingum

05
Kanawha

06
Scioto

07
Big Sandy -
Guyandotte

08
Great Miami

Nutrient

TP?
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN

OrgN

Winter
3285 (2)
27069 (2)
*

2188 (19)
12927 (19)
E

27849 (31)
112720 (30)
&

2892 (18)
- 6786 (16)
'

5676 (23)
27049 (23)
E

2243 (4)
18475 (4)
g *

6224 (15)
14293 (18)
*x*

12848 (2)
111349 (2)
*

C8

Spring

12273 (3)
54612 (3)
E 3

1304 (20)
5393 (19)
v *

27967 (34)
104911 (34)
*

4956 (19)
34744 (11)
E

5717 26)
28363 (24)
* .

4289 (6)
16758 (6)
*

1823 (16)
5746 (16)
x*

16239 (3)
71259 (3)
x*

Summer

1397 (3)
14971 (3)
&k

1650 (10)
12278 (10)
*

5099 (28)
32487 (31)
*®

1461 (16)
6407 (8)
*

2524 (25)

13641 (25)
, *

2199 (8)
6575 (8)
*

2433 (17)
6322 (18)
*

5939 (31)
13689 (32)
*

Fall'
1778 (3)
20867 (3)
*

715 (13)
4238 (13)
*

5359 (31)
39743 (29)
*

1017 (12)
1573 (6)
*

1157 (23)
7248 (22)
%*

1892 (2)
2738 (2)
*

194 (8)
1488 (7)
1

2494 (5)
4268 (5)
*




Table C-3 (continued)

Subregion

09
Middle Ohio

10
Kentucky -
Licking

11
Green

12
Wabash

13
Cumberland

14
Lower Ohio

Region 05

Nutrient

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

'I'P .
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

Winter

90446 (21)
241053 (22)

E 3

25680 (41)
38952 (42)
, *

6267 (18)
33910 (19)
*

2560 (51)
18274 (12)
%

2629 (13)
15787 (15)
*

843190 (23)
1010000 (25)
*

84856 (281)
153703 (249)
*

~Spring
143031 (30)
324903 (32)
*

3013 (38)
12434 (40)
*

2123 (15)
10333 (19)
¥

5142 (53)
54153 (12)
%k

2807 (12)
18209 (13)
%*

267766 (36)
626217 (38)
*

50621 (311)
152129 (270)
*

Summer

- 34260 (36)

121295 (37)
a*

500 (44)
1280 (48)
*

547 (20)
3182 (20)
*

4596 (42)
24321 (18)
*

161 (13)
7774 (15)
x®

32770 (40)
112307 (39)
*

9806 (333)
37560 (312)
*

Falll

35243 (15)
129833 (15)
*

701 (3)
2273 (3)
*

172 (3)
896 (3)
*

60640 (10)
224193 (10)
*

10742 (128)
48096 (118)
%*

* No samples taken

{ ) = Number of measurements

1

Winter runoff: January 1 - March 31
April 1 - June 30

July 1 - September 30
October 1 - December 31

Spring
Summer
Fall

c9

OrgN

:

Total Phosphorus
Total Kjeldahl Nitrogen
= Organic Nitrogen




Table C4 - Region 06: Nutrient Loadings in the Tennessee River System

The relatively small (geographically) Tennessee Region, whose waters eventually flow into the Gulf
of Mexico via the Mississippi, had lower nutrient concentrations than most other regions under study.
Loadings of phosphorus and nitrogen are also lower in many cases, but we are hampered by the lack of
abundant data for 1989 in its four subregions.

The lowest mean ambient total phosphorus loading for a season and subregion with more than three
measurements (see numbers in parentheses) was 142 lbs/daym in the spring in the Upper Tennessee valley,
subregion 01. Most seasonal means were below 1000 lbs/day, but many are calculated from very few
measurements. The highest such mean phosphorus loading was 808 Ibs/day in winter in the Middle
Tennessce-Hiwassee area (subregion 02); the highest means are all calculated from very few
measurements. The highest individual readings were 55,085 lbs/day in the fall and 11,927 Ibs/day in the
summer, both in the Middle Tennessee-Elk subregion, and 9,348 lbs/day in the winter in the Upper
Tennessee. |

Quarterly means for ambient TKN loadings ranged (for seasons and subregions with sufficient data)
from 1,088 lbs/day in summer in the Upper Tennessee subregion to a high of 2,0581 Ibs/day in summer
in the Middle Tennessee-Elk area (subregion 03). Again the highest and lowest means are based on few
cases. The highest individual measurements were 33,512 lbs/day in winter and 15,615 1bs/day in spring,
both in the Upper Tennessee, and 9,288 lbs/day in the spring in the Lower Tennessee.

Organic nitrogen loadings were measured in only one subrégion of Regién 06 in 1989, Again, the
lack of sufficient data -- no nutrient loadings at all were measured in some of the four subregions and
seasons in 1989, for all of the nutrient measurements studied -- make analysis of loadings in this region
difficult. The lack of data in the Lower Tennessee (subregion 04) is especially important and unfortunate.

For Region 06 as a whole, mean ambient total phosphorus loadings varied from 237 Ibs/day in the
spring to 14070 lbs/day in winter, the latter based on only four measurements. Mean TKN loadings
ranged from 756 Ibs/day in the summer to 9502 lbs/day in winter, the latter again calculated from only

four measurements. Organic nitrogen means are entirely from one subregion.
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Table C-4

USGS Reglon 06: Tennessee River System
Mean Ambient Nitrogen and Phosphorus Loadings
by Subregion

1989: All data in lbs/day

Subregion Nutrient Winter Spring Summer Fall'
01 ‘ TP? 5261 (2) 142 (32) 233 (13) 800 (1)
Upper Tennessee TKN 18387 (2) 1107 (25) 1088 (13) 5717 (1)

orgN * * * %k
02 ‘ TP 808 (4) 231 (2) 428 (4) 197 (2)
Middle Tennessee TKN 618 (2) 526 (1) 485 (1) *
- Hiwassee OrgN * * * *
03 TP 4389 (2) * 6137 (2) 55086 (1)
Middle Tennessee TKN * 130 (4) 98 (4) *
- Elk OrgN 14025 (2) 107 (3) 20581 (5) 67798 (1)
‘04 TP * 1255 (3) 30 (3) *
Lower TKN * 3287 (3) 54 (2) *
Tennessee OrgN * * * *
Region 06 ™ - 2816 (8) 237 (37) 777 (22) 14070 (4)

TKN 9502 (4) 1169 (33) 756 (20) 5717 (1)

OrgN 14025 (2) 107 (3) 20581 (5) 67798 (1)

* No samples taken
( ) = Number of measurements

! Winter runoff: January 1 - March 31 2 TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen

Fall October 1 - December 31
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Table CS - Region 07: Nutrien_t Loadings in the Upper Mississippi River System

The Upper Mississippi and its tributaries have loadings measurements of phosphorus and TKN for
most of the 14 subregions of Region 07, with abundant data in most seasons and subregions southv of
Minnesota and Wisconsin.

The lowest mean seasonal ambient loadings of total bhosphorus were 1 (one) lb/day in spring,
summer and fall in the St. Croix River area (subregion 03). Many very low means are found in the upper
reaches of Region 07. The highest such meanrphosphorus loadings were 168,700 1bs/day in summer,
41,852 lbs/day in spring, and 39,010 lbs/day in winter, all in subregion 14, the Upper Mississippi-
Kaskaskia-Meramec area. This is the most downstream subregion of the Upper Mississippi Region. ’fhe
highest individual measurements in this region in 1989 were 757,986 lbs/day in summer: 214,079 lbs/day
in winter and 213,593 lbs/day in spring, all in subregion 14, the area farthest downstreaxﬁ in the Upper
Mississippi Region.

For seasons and subregions with sufficient data, mean seasonal ambient loadings of TKN ranged
from lows of 5 Ibs/day in the spring in the St. Croix River subregion (based on 7 measurements) and
13 Ibs/day in winter in the same subregion (9 measurements) to high means of 592,921 Ibs/day (5
measurements) in summer, 468,096 lbs/day (6 measurements) and 385,236 lbs/day (7 measurements) in
winter, all in subregion 14. Several other seasonal mean loédings of TKN were over 40,000 lbs(day
through much of the region, notably in subregion 11, the Upper-Mississippi-Salt River area. The highest
single measurements in 1989 were 938,732 lbs/day in the spring in the Upper Mississippi-Maquaketa-
Plum-Escambia subregion (06); 850,489 lbs/day in the winter in the Upper Mississippi-Salt subregion (11);
and 689,054 1bs/day in the Upper Mississippi-lowa-Skunk-Wapsipinicon subregion (08).

Organic nitrogen loadings were measured too infrequently in Region 07 in. 1989 to allow for seasonal
comparisons.

For the entire Region 07 mean total phosphorus loadings ranged from a low of 1,450 Ibs/day in the
fall to 7,451 lbs/day in the summer. TKN means varied from 8,823 lbs/day in the fall to a high of

61,588 lbs/day in the spring. Organic nitrogen loadings were sparsely measured in 1989.
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Table C-5

USGS Region 07:

Upper Mississippi River System
Mean Ambient Nitrogen and Phosphorus Loadings
by Subregion

1989: All data in lbs/day

Subregion

01
Mississippi

~ Headwaters
0
Minnesota R.

03
St. Croix R.

04
Upper Miss.-
Black-Root

05 .
Chippewa

06

Upper Mississippi

- Maquaketa - Plum
' - Escambia '

07
Wisconsin R. -

08
Upper Miss.-Iowa-
Skunk-Wapsipinicon

Nutrient

TP?
TKN
OrgN

TP
TKN
OrgN

i
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP

TKN
OrgN

TP

TKN -

OrgN

TP
TKN

OrgN

Winter

6 (48)
32 (39)
*

*
*
*

4 (11)
*

%*

4521 (6)

24088 (6)

250 (1)
365 (5)
9178 (3)
*

5992 (15)
38408 (15)
%*

3700 (3)

60534 (2)
*

4239 (48)
46742 (23)
*®

C13

Spring

10 (163)
311 (3

%

* *

3

- 1(8)
5@
*

6767 (38)
44804 (38)
6161 (10)

4810 (5)
94796 (2)
*

22112 (19)
193737 (16)
*

1490 (3)
20855 (3)
*

5853 (41)
43123 (25)

*

Summer

9 (33)
69 (3)
19 (2)

15 (2)
66 (2)
A1(1)

1(10)
*

*

10308 (10)
47399 (10)
80 4)

1459 (3)
36370 (1)
*

7238 (20)
44589 (17)
*

743 (2)
11542 (2)
‘ *

1897 (26)
11897 (27)
7 2

Fall!
2@
*

%

3
oM
8 (1)

1(11)
13 9
*

5529 (8)
28435 (8)
22 (1)

251 (6)
6375 (1)
*

3973 (16)
25024 (18)
' *

459 (2)
3945 (2)
*

262 (16)
848 (22)
227 (1)




Table C-5 (continued)

%

1

Subregion Nutrient Winter Spring Summer Fall'
09 TP? 2181 (13) 1307 (17) 2299 (35) 192 (17)
Rock R. TKN 16701 (11) 34536 (6) 37463 (12) 17039 (1)
OrgN * * * *
10 TP 331 (12) 549 (13) 161 (13) 111 (12)
DesMoines R. TKN 1222 (13) 1658 (13) 1232 (13) 1024 (12)
OrgN * * * *
11 TP 32076 (5) 22208 (9) 38095 (8) 32 (1)
Upper Miss. TKN 284790 (5) 168821 (8) 188262 (8) -359 (1)
- Salt OrgN * * * *
12 TP 5079 (81) 4203 (96) 3518 (106) 2386 (30)
Upper Hlinois TKN 24650 (71) 24977 (82) 16332 (84) 7301 (30)
OrgN * % % *
13 TP 9358 (17) 7820 (16) 13805 (20) 360 (6)
Lower Illinois TKN 1514 (4) 95190 9) 67615 (11) 540 (3)
OrgN * * * *
14 TP 39010 (12) 41852 (12) 168700 (5) 106 (1)
Upper Miss.- TKN 385236 (7) 468096 (6) 592921 (5) 441 (1)
Kaskaskia-Meramec OrgN * * * *
Region 07 TP 3670 (276) 5017 (440) 7451 (293) 1450 ( 133)
TKN 40311 (199) 61588 (218) 44435 (195) 8823 (109)
OrgN 250 (1) 6161 (10) 40 O 86 (3)
No samples taken
() = Number of measurements
Winter runoff: January 1 - March 31 > TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer *July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31
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Table C6 - Region 08: Nutrient mdings in the Lower Mississippi Region

While the concentrations of nutrients in the Lower Mississippi may have been lower than some
would expect, the nutrient loadihgs, as expected, include some of the highest in the Guif of Mexico
drainage area. This’is particularly true in the vast expanse of flowing water which comprises the
downstream portions of Region 08. Unfortunately, one subregion, the Boeuf-Tensas subregion (0S) has
no nutrient loadings measurements for 1989, and several show no data for the fall season.

The lowest quarterly means of ambient total phosphorus loadings, for subregions and seasons with
more than three observations, were 124 lbs/day in the fall in the Lower Mississippi-St. Francis area
(subregion 02) and 197 Ibs/day in the summer in the Lower Mississippi-Yazoo area (subregion 03). The
highest such means are found in the Lower Mississippi-Lake Maurepas area (subregion 07), just
dov»;nsmeam from the point where the Mississippi and Atchafalaya Rivers split: 809,535 Ibs/day in winter,
519,710 lbs/day in spring with only 3 measurements, and 432,527 Ibs/day in summer. The highest |
individual measurements of phos’phqrus loadings were 1,753,000 Ibs/day in subregion 07 in the winter;
1,062,000 Ibs/day in the winter in subregion 06, the Lower Mississippi-Big Black-Escambia area which
is mostly just upstream of the Mississippi-Atchafalaya split; and 1,047,000 Ibs/day in the summer in
subregion 07. |

The TKN measurements in the lower reaches of Region 08 are very high in general. V'I'hmugh the
entire region they are highly variable. The lowest seasonal mean is 16 Ibs/day in the spring in the Lower
Mississippi-St. Franéis subregion. The highest seasonal subregion TKN means are in subregions w1th a
low number of measurements, but these are consistently high: 2,143,000 lbs/day in the winter in the
Lower Mississippi-Lake Maurepas subregion (3 measurements); 1,880,000 Ibs/day in winter in the Lower
Mississippi-Big Black-Escambia areé (4 measurements-subregion 06) and 1,715,000 lbs/day in winter in
the Lower Mississippi River (2 measurements -subregion 09) which includes its huge delta. The highest
single measurements of TKN in 1989 were 4,047,000 Ibs/day in sﬁbregion 06; 3,536,000 lbs/day in

subregion 07; and 3,430,000 Ibs/day in subregion 09, all in winter.
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Organic nitrogen loadings were not measured in the Lower Mississippi Region.

The seasonal means for total phosphorus for Region 08 as a whole varied from a low of 15,455
Ibs/day in the summer to 51,518 1bs/day in the winter. For TKN, mean seasonal loadings throughout the
region ranged from 133,620 lbs/day in the fall to 944,023 Ibs/day in the winter. Winter appears to be the
season with the highest nutrient pollutant loadings for the Lower Mississippi, in terms of both seasonal

means and extremely high individual measurements.
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Table C-6

USGS Region 08: Lower Mississippi River System Excluding Arkansas-
White-Red (Region 11)
‘Mean Ambient Nitrogen and Phosphorus Loadmgs
by Subregion

1989: All data in lbs/day

Cl7

Subregion Nutrient Winter Spring Summer Fall!
01 TP * 698 (3) 503) *
Lower TKN * 2252 (3) 51 (2) *
Mississippi OrgN * * * *
R. - Hatchie
02 TP 22042 (32) 6806 (25) 2814 (28) 124 (8)
Lower TKN 96790 (4) 16 (9) 2195 4) 587 (8)
Mississippi- OrgN * * * *
St. Francis

. 03 TP 5849 (94) 1441 (164) 197 7(96) *
Lower TKN 167746 (3) 110572 (2) 45577 (1) *
Mississippi- OrgN * * * *
Yazoo
04 TP 1491 (45) 1747 (32) 804 (40) 152 (2)
Lower Red - TKN 14721 (5) 10807 (8) 10203 (8) 3035 (2)

- Quachita OrgN * * * *
05 'I'P %* & a* *
Boeuf - TKN * * * *
Tensas OrgN * *. * *
06 TP 474423 (4) 49376 (4) 497 (2) *
Lower TKN 1880000 (4) 484683 (4) 2132 (1) *
Mississippi-Big OrgN * * * *
Black-Escambia
07 TP - 809535 (5) 519710 (3) 432527 (4) *
Lower TKN 2143000 (3) 814123 (2) 659917 (2) *
Mississippi- OrgN * * * *
Lake Maurepas




Table C-6 (continued)

Subregion Nutrient Winter Spring Summer Fall'
08 TP? 200640 (10) 130900 (12) 76923 (10) 95470 (1)
Louisiana TKN 1031000 (5) 570777 (6) 204154 (5) 445525 (1)
Coastal (incl. OrgN * * * *
Atchafalaya)
09 TP 308804 (2) 301958 (3) 114467 (2) 191674 (3)
Lower TKN 1715000 (2) 1632000 (3) 572763 (2) 774006 (2)
Mississippi R. OrgN * * * *
Region 8 TP 51518 (192) 19097 (246) 15455 (185) 41987 (16)
TKN 904023 (26) 329792 (37) 144973 (25) 133620 (15)
OrgN * * * *

* No samples taken
( ) = Number of measurements

! Winter runoff: January 1 - March 31 2 TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31
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Table C7 - Region 10: Nutrient Loadings in the Missouri River System

We found the concentratiéns of nutrients in the Missouri River system to be generally quite‘hjgh.
However, with smaller and slower flows of water than in some other regions the nutrient loadings are
nearly all quite slow. We should note again that the uppermost reaches of this region are rarely sampled,
particularly in fall and wirmter when they may be frozen. Some other subregions have no loadings
measured in the fall.

For subregions and seasons with a suffif:ient number of measurements, the lowest total phosphorus
loadinés means were fouﬁd in subregion 6, the Missouri-Poplar-Escambia area: .25 lbs/day in winter,
.45 lbs/day in summer and 3 Ibs/day in the spring. Many of the Missouri system's 36 subregions had
seasonal phosphorus means lower than 100 Ibs/day, and the majority were below 1,000 Ibs/day on average.
A few high mean phosphorus loadings push up the regional averages, however: 117,623 Ibs/day based
on 3 measurements in winter in the Lower Yellowstone subregion (10), 49,482 lbs/day (2 observations)
" in the most downstream Lower Missouri subregion (30) in the summer, and 10,289 lbs/day (18
observations) in the ﬁnter in the Missoﬁri-Nishnaboma area, subregion 24. The highest single
measurenients of phosphorus loadings in Region 10 were 352,429 lbs/day in the winter in subregion 10;
90,517 lbs/day in the summer in the Kansas River area, subregion 27; and 64,466 lbs/day in subregion
30, the farthest downstream, also in the summer.

Generally, seasonal mean ambient TKN loadings were also quite low in the Missouri system. The
lowest mean loadings for subregions and seasons with sufficient data for 1989 were 9 lbs/day in the
summer and 22 lbs/day in the fall, both in subregion 06, and 24 1bs/day in the summer in the James River
| area, subregion 16. The ﬁghest such mean seasonal TKN loadings were 81,123 Ibs/day in spring in
subregion 30, and 32,071 lbs/day in spring, 30,671 lbs/day in winter and 28,081 lbs/day in summer, all
in subregion 24. Note, however, the highest seasonal means: 187,056 Ibs/day in summer (2
measurements) and 101,960 Ibs/day in wir;ter (3 measurements), both in the Lower Missouri subregion

30. The highest individual measurements of TKN were 359,441 lbs/day in subregion 27, the Kansas River
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area in summer; 266,452 lbs/day in the spring in subregion 30, the Lower Missouri; and 223,302 Ibs/day
in the winter in subregion 24, the Missouri-Nishnabotna area.
Organic nitrogen loadings were measured in only one season and subregion in the Missouri system

in 1989.
For all of Region 10 the seasonal mean total phosphorus loadings varied from 379 Ibs/day in the fall
t0 2,209 lbs/day in the summer. Mean TKN loadings ranged from 1,760 Ibs/day in the fall to 10,671

lbs/day in the summer. Many individual subregions, however, had their high or low means in other

seasons.
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Table C-7

USGS Region 10: Missouri River System
Mean Ambient Nitrogen and Phosphorus Loadings
by Subregion

1989: All data in lbs/day

Subregion

01
Saskatchewan

02
Missouri
Headwaters

03
Missouri -
Marias

04
Missouri -
Musselshell

05
Milk

06
Missouri -
Poplar - Escambia

07
Upper Yellowstone

08
Big Horn

Nutrient

TP?
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

. TP

TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

Winter

*
*
*

*
*

291 (3)
2986 (3)
*

294 (4)
3845 (4)
*

5867 (5)

19822 (5)
‘ *

163 (8)
1051 (8)
x

360 (2)
3844 (2)
*

89 (22)
1299 (19)
*
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Spring
375 (1)
257 (1)

*

265 (4)
*

*

128 (12)
2531 (10)
%*

621 (7)

6667 (7) .
*

49 (4)
232 (4)
*

3(11)
52 (11)
*

2318 (6)

- 17934 (2)
*

163 (42)
6934 (23)
*

Summer
50 (1)
497 (1)
E 3

104 (2)
*

*

57 (8)
1137 (6)
*

1001 (5)
5327 (7)
*

19 (3)
240 (3)
*x

45 (12)
9 (15)
*

843 (5)
18150 (2)
*®

180 (39)
2689 (22)
*

Fall'

*

814 (1)
*

*

367 (3)
4045 (2)
x*

918 (4)
4659 (5)

13 (6)
164 4)
*

25 (8)
22 (8)
*

332 (2)
25620 (1)
*

116 (21)

1673 (6)
- *




Table C-7 (continued)

Subregion

09
Powder -
Tongue

10
Lower
Yellowstone

11
Missouri -
Little Missouri

12
Cheyenne

13
Missouri - QOahe

14
Missouri -
White

15
Niobrara

16
James

17
Missouri -
Big Sioux

18
North Platte

Nutrient

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN

OrgN '

TP
TKN
OrgN

Winter
25 (28)
236 (11)
*

117623 (3)
32914 (3)
s

131 (1)
670 (1)
sk

273 (16)
809 (10)
E 3

75 (4)
490 (4)
*

114 (4)
405 (2)
*

647 (17)
9380 (2)
E

1592 (4)
5640 (4)
%*

3994 (3)
14116 (2)
%

335 (17)
1692 (14)
%
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Spring
232 (69)

338 (23)
, *

1779 (4)
183 (2)
*

105 4)
399 (4)
*x*

11 (47)
45 (41)
*

.65 (7)
509 (7)
*

727 (7)
1295 (3)
*

793 (13)
4944 (5)
*

772 (21)
3673 (21)
*

192 (5)
1713 (2)
*

371 (23)
3250 (19)
*

Summer
686 (31)
267 (7)

*

157 (5)
2623 (5)
*®

3(2)
26 (2)
3

12 (10)
279 (7)
*

1910 (4)
410 (4)
*

733 (5)
741 (3)
*

281 (13)
4776 (6)
*

6 (6)
24 (6)
*

186 (2)
1909 (2)
*

619 (17)
3231 (18)
*

Fall!
1022 (16)
540 (10)
*

489 (3)
4891 (4)
%

2(3)
33
*

16 (8)
129 (3)
*®

3
33 (7)
*

49 (3)
337 (1)
*

278 (10)
4045 (1)
*

4(2)
36 (2)
*

151 (2)
423 (1)
%*

91 (7)
1712 (5)
x




Table C-7 (continued)

Subregion

19
South Platte

20
Platte

21
Loup

22
Elkhom

23
Missouri -
Little Sioux

24
Missouri -
Nishnabotna

25
Republican

26
Smoky Hill

27
Kansas

28
Chariton -
Grand

Nutrient

TP
TKN
OrgN

TP
TKN

OrgN

TP
TKN
OrgN

TP
TKN

OrgN

TP
TKN
OrgN

TP

TKN

OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

Winter

2018 (13)
6194 (13)
*

4795 (18)
19616 (14)
%

657 (26)
918 (7)
%*

1544 (15)
4931 (12)
%*

145 (11)
397 (8)
111 (3)

10289 (18)
30671 (11)
3

97 (8)
928 (2)
*

84 (4)
394 (4)
*x

548 (146)
1973 (27)
x*

66 (7)
422 (7)
*
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Spring

415 (11)
1779 (11)
*

3289 (19)
16430 (17)
*

324 (15)
397 (M)
*

865 (15)
3403 (15)
a*

367 (8)
840 (8)
*

9268 (16)
32071 (13)
*

43 (9)
410 (7)
S

233 (6)
1773 (6)
%

635 (127)
2545 (111)
*

373 9)
1636 (7)
*

Summer
385 (17)
1636 (20)

*

6347 (17)
23182 (17)
%*

528 (10)
1623 (9)
x

2025 (15)
13350 (14)
*»

244 (8)
767 (8)
*

5463 (12)
28081 (9)
*

257 (8)
1257 (7)
*

1284 (3)
© 7102 (3)
*

5493 (65)
23758 (58)
*

17 (6)
190 (5)
*

Fall!

491 (10)
2436 (8)
) *

2454 (4)
8065 (4)
*

472 (3)
432 (2)
*

1301 (1)
1752 (1)
*

491 (7)
1207 (7)

136 (4)
272 (4)
*

453 (9)
1053 (9)
*

11 Q2)
60 (3)
*




Table C-7 (continued)

Subregion
29

Gasconade -

Osage

30
Lower
Missouri

Region 10

Nutrient

TP?
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

Winter

365 (14)
5468 (9)
%¥*

- 11906 (5)

101960 (3)
*

2148 (426)
5606 (311)
111 (3)

Spring
129 (10)
1973 (7)
*

14133 (9)
81123 (7)
*

1006 (541)
5288 (401)
a*

Summer

719 (6)
2817 (8)
*

49482 (2)
187056 (2)
*

2209 (339)

Fal}!

2 (1),
(D
.

*

*

379 (146)

10671 (276) 1760 (103)
* *

* No samples taken
( ) = Number of measurements

1

Winter runoff: January 1 - March 31

Spring
Summer
Fall

April 1 - June 30

July 1 - September 30
October 1 - December 31
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OrgN

Total Phosphorus
Total Kjeldahl Nitrogen
Organic Nitrogen




Table C8 - Region 11: Nutrient Loadings in the Arkansas-White-Red System

The Arkansas-White-Red system of rivers flowing from eastem Colorado through southern Kaﬁsas.
Oklahoma and Texas to the lower Mississippi is another system which had relatively high concentrations
of nutrients in 1989. Again, however, the loadings which account for flow of water, as well as
concentrations of nutrients, are generally fairly low. The lack of abundant data in some subregions is
again a problem in analyzing the data, particularly in the fall season, as a perusal of Table ‘C8 shows.

The lowest ambient total phosphorus mean loadings in Region 11 were 6 Ibs/day in the fall season
in the Upper Cimarron area (subregion 04) and 17 lbs/day in the winter in the Red River Headwaters
(subregion 12), for those subregions and seasons with more than three measurements. The highest such
phosphorus loadings were 12,061 Ibs/day in the winter and 11,246 lbs/day in the spring, both in the Lower
Arkansas (subregion 11). The highest individual measurements of phosphorus in 1989 were
95,362 Ibs/day in the spring in subregion 11; 77,298 1bs/day in the spring in subregion 14, the Missouri-
White rivers area; and 64,725 Ibs/day in the winter, again in subregion 11.

For TKN, the lowest ambient mean loadings for subregions and seasons with more than three
measurements were 31 lbs/day in the fall and 60 lbs/day in winter, both in the Upper Cimarron subregion.
The highest mean TKN loadings are all found in the Lower Arkansas subregion: 115,933 lbs/day in the
spring, 104,942 lbs/day in the winter and 61,345 Ibs/day in the summer. All of these means are for those
subregions and seasons with more than three measurements. The highest individual measurements of TKN
loadings in 1989 were 513,487 Ibs/day in the spring, 392,677 lbs/day in winter and 267,963 1bs/day in the
summér. all in subregion 11, the Lower Arkansas River area.

Ambient organic nitrogen loadings were not measured in Region 11 in 1989.

For all of Region 11 mean ambient total phosphorus loadings varied from a low of 1,078 lbs/day
in the fall to 5,775 lbs/day in the winter. Mean TKN loadings ranged from a low of 3,963 1bs/day in the
fall to 32,327 lbs/day in the spring. It should be noted that some subregions, especially the Upper White
(subregion 01), the Upper Arkansas (subregion 02), the Neosho-Verdigris (subregion 07), the Lower

Arkansas (subregion 11) and the Red-Sulphur (subregion 14) were more often measured for total
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phosphorus and/or TKN in 1989, Region means are therefore heavily influenced by those in some of

these subregions.
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Table C-8

~ USGS Region 11: Arkansas-White-Red System |
Mean Ambient Nitrogen and Phosphorus Loadings
by Subregion

11989: All data in Ibs/day

OrgN

c27

Subregion Nutrient Winter Spring - Summer Fall!
01 TP? 1198 (44) 1255 (40) 289 (32) 433 (2)
"~ Upper White TKN 15821 (13) 20136 (19) 1986 (13) 1571 (1)
OrgN * * * *

02 TP 59 (2) 201 4 102 ) 109 (3)
Upper TKN 1302 (28) 827 (29) 430 (50) 1187 (30)
Arkansas OrgN * * * -0
03 TP 54 (1) 51 (1) 498 (1) *
Middle TKN 1359 (1) 1141 (1) 4796 (1) *
Arkansas OrgN * * * *
04 TP - 3(5) 5 (6) 2 6 (4)
Upper TKN 60 (6) 96 (6) 29 (2) 31 4)
Cimarron OrgN * * * *
05 TP 10736 (2) 4199 (2) 1030 (2) *
Lower TKN 41028 (3) 16063 (3) 1535 (2) *
Cimarron OrgN * * * *
06 TP 1052 (2) 2443 (2) 27670 (1) *
Arkansas - TKN 11227 (2) 35362 (2) 202914 (1) *
Keystone OrgN * * * *
07 TP 374 (17) 718 (19) 536 (11) 82 (1)
Neosho - TKN 3277 (6) 16350 (4) 40142 (4) *
Verdigris OrgN * * 0 (1) *
08 TP 6 (2) 5(1) 28 (3) 5 (1)
Upper TKN 113 (2) 145 (1) 182 (3) 91 (1)
Canadian OrgN * * * *
09 TP 154 (5) 83 4 4766 (7) 1209 (2)
Lower TKN 487 (4) 295 (4) 11066 (7) 1887 (2)
Canadian * * Tk *




Table C-8 (continued)

Subregion

10
North
Canadian

11
Lower
Arkansas

12
Red Headwaters

13
Red-Washita

14
Red-Sulphur

Region 11

Nutrient

TP?
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

TP
TKN
OrgN

Winter
1245 (5)
10678 (5)
*

12061 (63)
104942 (20)
*

17 (5)
167 (5)
*

208 (10)
1442 (5)
%k

8487 (33)
29518 (17)
%

5775 (196)
26267 (117)
*

Spring
500 (3)
1000 (3)
%

11246 (63)
115933 (25)
. *

41 (5)
313 (5)
E

162 (4)
1027 (4)
*

7275 (32)
28203 (18)
*

5488 (187)
32327 (124)
%

Summer
1719 (2)
5537 (2)

*

5847 (66)
61345 (22)
%*

43 (6)
247 (7)
*

464 (8)

3409 (7)
*

5895 (25)
3898 (7)
*

3689 (168)
14924 (128)
*

Fall'
98 (1)
328 (1)
*

4508 (4)
22928 (4)
*

4 (1)
89 (1)
*

91 (3)
375 (2)
%*

1278 (8)
9949 (8)
%*

1078 (30)
3963 (54)
*

* No samples taken
( ) = Number of measurements

! Winter runoff: January 1 - March 31
April 1 - June 30

July 1 - September 30
October 1 - December 31

Spring
Summer
Fall

c28

OrgN

Total Phosphorus
Total Kjeldahl Nitrogen
Organic Nitrogen




Table C9 - Region 12: Nutrient Loadings in the Texas Gulf Rivers

In the Texas Guif rivers we generally found relatively low concentrations of nutrients; in this region
the same pattern holds true for nutrient loadings, though it should be noted that some sub;egions had a
limited number of measufements.

The lowest quarterly mean ambient total phosphorus loadings, for those subregions and seasons with
more than three measurements, were 2 Ibs/day in winter and 3 Ibs/day in summer, both in the Brazos
Headwaters, subregion 05. The highest such total phosphorus loadings were 8,307 lbs/day in the spring
and 6,654 Ibs/day in the sﬁmmer, both in the Tﬁxﬁw River area (subregion 03), and 4,705 Ibs/day in the
summer in the Sabine River area, subregion Ol. The highest individual ﬁeuummem of total phosphorus
in 1989 were 51,694 1bs/day in the summer, 41,403 lbs/day in the spring, and 37,224 1bs/day in the winter,
all in Trinity River subregion (03).

Ambient TKN loadings in the Texas Gulf Region were almost as highly variable in 1989. The
lowest seasonal mean TKN loadings were 18 Ibs/day in the winter in thc Brazos Headwaters; 55 lbs/day
in subregion 11, the Nueces-Southwestern Téxas Coastal subregion, also in winter; and 59 lbs/day in the
fall in subregion 06, the Middle Brazos River area. (Other low means were from three or fewer
measurements.) The highest mean TKN loadings were 82,949 Ibs/day in the summer in the Sabine River
area, subregion 01; 59,510 Ibs/day in the spring, and 50,844 1bs/day in the summer, both in the Neches
River subergion (02). The highest s;ingle measurements of TKN in 1989 were 344,388 Ibs/day in the
spring in the Trinity River subregion; 329,381 Ibs/day in the spring and 226,538 Ibs/day in the summer,
both in the Neches River subregion.

Organic nitrogen loadings were not measured in Region 12 in 19895

For the Texas' Gulf region as a whole, seasonal mean total phosphorus loadings varied from 696
Ibs/day in the fall to 2,409 Ibs/day in the spring. TKN loadings ranged from 902 Ibs/day in the fall to
12,000 ibs/day 1n the spring. Again, some subregions and seasons had more measurements than others,

but the differences are not as great as in a few other regions.

Cc29




Table C-9

USGS Region 12: Texas Gulf Region
Mean Ambient Nitrogen and Phosphorus Loadings
by Subregion '

1989: All data in Ibs/day

C30

Subregion Nutrient Winter Spring Surnmer Fall!
01 TP? 1418 (5) 2786 (4) 4705 (4) 282 (3)
Sabine TKN 13560 (5) 22156 (4) 82949 (4) 1586 (3)

OrgN * * * *
02 - TP 3724 (10) 1526 (7) 2918 (5) 3908 (4)
Neches TKN 16282 (8) 59510 (7) 50844 (5) 5426 (3)

OrgN * * * *
03 TP 4197 (42) . 8307 (38) 6694 (29) 640 (13)
Trinity TKN 5170 (31) 29923 (38) 15952 (30) 764 (8)

OrgN * - * * *
04 TP 1309 (51) 2465 (11) 368 (50) 496 (4)
Galveston TKN 3710 (34) 6595 (9) 520 (50) 664 (4)
Bay - San Jacinto OrgN * * * *
05 TP 2(5 47 (2) 3 (6) 01 (1)
Brazos TKN 18 (4) 159 (2) 19 (3) 5(1)
Headwaters OrgN * * * *
06 TP 115 (14) 99 (18) 119 (15) 139 (13)
Middle TKN - 106 (13) 219 (12) 90 (11) 59 (11)
Brazos OrgN ’ * * * *
07 ) TP 148 (8) 442 (9) 845 (9) 666 (4)
Lower Brazos TKN - 214 (D 3892 (10) 3853 (8) 1157 (3)

OrgN * * * *
08 TP 8 (2) 11 (1) 3Q) 2 (1)
Upper Colorado TKN 131 (2) 84 (1) 5@ 15 (1)

OrgN * * * *




Table C-9 (continued)

Spring

C31

Subregion Nutrient Winter
09 TP? 861 (31) 517 (43)
Lower Colorado - TKN 2921 (32) 3339 (42)
San Bernard OrgN * *
Coastal
10 TP 1793 (28) 1221 (39)
Central Texas TKN 1205 (28) 1014 (30)
Coastal OrgN * *
11 TP 11 (3) 52 (11)
Nueces - TKN 55 (D) 1170 (5)
Southwestern OrgN * *
Texas Coastal
Region 12 TP 1845 (199) 2409 (183)
TKN 3598 (171) 12000 (160)
OrgN * %
~ * No samples taken
() = Number of measurements
' Winter runoff: January 1 - March 31 : TP
Spring April 1 - June 30 TKN
Summer July 1 - September 30 OrgN
Fall October 1 - December 31

Summer

293 (12)
1006 (19)
*

751 (33)
260 (34)
*

56 (3)
301 (5)
*

1689 (168)

6736 (171)
*

Fall!

535 (19)
1318 (19)
*

870 (24)
258 (19)
*®

83 4)
1421 (2)
¥*

696 (90)
902 (74)
*

L | I |

Total Phosphorus
Total Kjeldahl Nitrogen
Organic Nitrogen




Table C10 - Region 13: Ambient Nutrient Loadings in the Rio Grande System

Several of the nine subregions in the Rio Grande region had very sparse measurements of
phosphorus and nitrogen in 1989. The Rio Grande-Elephant Butte and Upper Pecos subregions, both
upstream reaches, have higher numbers of measurements.

The lowest mean ambient total phosphorus loadings were 12 Ibs/day in the fall and 27 Ibs/day in

the winter, both in the Upper Pecos River system, subregion 06. This data is for subregions and seasons

with more than three measurements. The highest such mean phosphorus loadings in 1989 were
1,209 lbs/day in the summer and 612 lbs/day in the winter, both in subregion 2, the Rio Grande-Elephant
Butte area, and 543 lbs/day in the winter in the Rio Grande-Mimbres subregion (03), again for those
means based on more than three measurements. The highest individual measurements of ambient total
phosphorus loadings were 15,534 Ibs/day in the summer in the Rio Grande-Elephant Butte subregion;
5,874 1bs/day in the summer in subregion 04, the Rio Grande-Armistead area; and 2,662 Ibs/day in the
winter, again in the Rio Grande-Elephant Butte area.

Mean ambient TKN loadings were also relatively low in 1989. For subregions and seasons with
sufficient data the lowest mean TKN loadings were 173 lbs/day in the winter, 224 Ibs/day in the fall and
388 Ibs/day in the summer, all in the Upper Pecos subregion. The highest such mean TKN loadings were
6,657 Ibs/day in the summer in the Rio Grande-Armistad subregion and 2,935 Ibs/day in the Rio Grande-
Elephant Butte subregion, again the summer. The highest single measurements of TKN in Region 13 in
1989 were 35,599 lbs/day in the summer in the Rio Grande-Elephant Butte subregion; 17,621 lbs/day in
summer in the Rio Grande-Amnistad subregion; and 10,469 ibs/day in the winter in subregion 09, the
Lower Rio Grande River as it nears the Gulf of Mexico.

Ambient organic nitrogen loadings were not measured in the Rio Grande region in 1989.

In 1989 seasonal mean total phosphorus loadings for the entire Rio Grande system varied from a low
of 176 Ibs/day in the fall to 829 Ibs/day in the summer. Mean TKN loadings ranged from 627 lbs/day
in the fall to a high of 2,554 1bs/day in the summer. We must again caution that all data analysis of this '

region is hampered by the lack of ample data in many subregions.




Table C-lO

Sem——

USGS Reglon 13: Rio Grande System - ‘ |
. - Mean Ambient N1trogen and Phosphorus Loadmgs
by Subregion y

1989: All data in lbs/day

Subregion - Nutrient Winter - . Spring Summer Fall!

01 . TP 167 (1) . 298 (2) 26(1) - 58(2):
Rio Grande "~ TKN 626 (1) 1429 (2) 139 (1) 269 (2)
Headwaters : OrgN * - ok
02 | TP 612 (10) 346 (®8) 1209(17) = 114 (10) .
Rio Grande - TKN =~ 1350 (8) 2114 (8)  2935(18) 465 .(9)
Elephant Butte OrgN. * ok N * Lk
03 TP - 543 (7) 91(1) 795 (2) 140 (1)
Rio Grande - TKN 1051 (6) 2932 (1) 6144 (2) 180 (1)
- Mimbres OrgN * * * *
04 TP 349 (4) 556 (2) 2869 (3) 1222 (2)
Rio Grande - TKN 1857 (4) 1430 (3) 6657 (4) 2116 (3)
Armistad OrgN * * * *
05 TP 3(2) * 3 (2) 4(1)
Rio Grande TKN 52 (2) 50 (1) 40 (2) 20 (1)
Closed Basins OrgN * * * *
06 TP 27 (6) 123 9) 67 (10) " 12(6)
Upper TKN 173 (5) 713 (11) 388 (8) 224 (5)
‘Pecos , OrgN * * * : *
07 TP 25 (2) 15 (2) 5(2) *
Lower Pecos TKN 483 (2) 265 (1) 617 (2) 145 (1)
OrgN * * *® *
08 TP 250 (2) 243 (3) «  155(2)
Rio Grande - TKN * * * *
Falcon OrgN * % * *

C33




Table C-10 (continued)

Subregion Nutrient Winter ; Sgring‘ Summer - Fall!
09 TP? . 271 (2) 47 (3) 53 (1) 171 (2)
Lower TKN 5630 (2) 592 (3) 740 (1) 1248 (2)
Rio Grande OrgN * * * *
Region 13 TP . 345 37) 229 (30) 829 (38) 176 (26)
TKN 1243 (31) 1231 (30) 2554 (38) 627 (24)

* ] * *

OrgN

¥ No samples taken
( ) = Number of measurements

! Winter runoff: January 1 - March 31 > TP = Total Phosphorus
Spring April 1 - June 30 TKN = Total Kjeldahl Nitrogen
Summer July 1 - September 30 OrgN = Organic Nitrogen
Fall October 1 - December 31

C34




APPENDIX D

Regional Comparisons of Geographic Areas
in USGS and Purdue Water Quality Model







Appendix D: USGS Regions/Subregions Comprising Purdué Water Quality Model
' River Systems'

USGS Regions (2-digit) Purdue Water Quality
or Subregions (4-digit) Model River System #
0309 - Partal, 0310 12
0311, 0312, 0313 - 13
0314, 0315, 0316, 0317, 0318 14
05, 06, 07, 08, 10, 11 - All Subregions 18
1201, 1202, 1203, 1204 19
1205, 1206, 1207, 1208, 1209, 1210, 1211 20
13 - All Subregions | 21

! See Table 1, Appendix E of report for names of rivers, lakes and reservoirs included in each.
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APPENDIX E

Summary Estimates of Concentrations
from Purdue Water Quality Model
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