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ABSTRACT: It has been hypothysized that the absolute

quantities of nitrogen and phosphorous in the Upper

Mississippi River Basin are higher than they normally would

be without the influence of man's activities and without the

presence of navigation pools. The purpose of this study is

to support this hypothysis by establishing a set of control

values for nitrogen and phosphorous levels. The Nelson

River in Manitoba, Canada, and the Niobrora River in Nebraska

were selected as representative control areas because they

both have sparsely populated watersheds and because they have

characteristics similar to the Upper Mississippi but do not

have extensive pool areas and are relatively unaffected by

man. Nitrogen and phosphorous levels in the sediments and

the free water were assessed as well as the quantities of

nitrogen and phosphorous on the watershed. Standard methods

of analysis were used as outlined by the U.S. Public Health

Service in "Standard Methods for Water and Wastewater Analysis

13th edition". All data was collected during June and July

of 1975. In all cases, the nitrogen and phosphorous levels

in the Nelson and Niobrara River Basins were much lower

than those for the Mississippi Basin. Most of the nitrogen

and phosphorous on the Nelson watershed was in the form of

bound organics (Sphagnum), while for the Mississippi and
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Niobrara Rivers a considerable portion of the nitrogen and

phosphorous was in the form of soluble inorganics

(nitrate) nitrite and phosphate).
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INTRODUCTION

Several large dams were constructed on the Upper

Mississippi River during the first half of this century

to facilitate river navigation. These dams and their

associated pool areas have been shown to have greatly

altered the physical, chemical, and biological properties

of the river. Considerable research has been conducted

on the Upper Mississippi in recent years concerning the

cycling of nitrogen and phosphorous. According to Claflin

(1973) the navigation pools formed by locks and dams serve

as nutrient traps for these substances, and differentiently

store and release them due to the reduced current velocities

in these areas. From this research, it became evident

that it was necessary to determine if the absolute values

for these nutrients were also influenced by man's activities.

Obviously, the ideal situation would be to know the nitrogen

and phosphorous levels that existed before man's immigration

into the basin. Since this information is unavailable,

the next best alternative. is to select a similar area to

act as a control. The selection of such a control area

should be based on two factors:

1. Similar physical properties
2. Lack of man's influence
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Therefore, any control area should have a similar watershed,

and the river itself should have a similar discharge, length,

width, current velocity, etc., as the Upper Mississippi. In

addition, this control area at least one or both of the

following characteristics:

1. Absence of locks and dams and their related pool
areas

2. Sparsely populated watershed removed from urbanization,
industrialization, or agricultural development

Because of the difficulty in finding an area that meets all

of these requirements, two separate river systems were selected

as control areas. They are the Nelson River in Manitoba,

Canada, and the Niobrara River in Nebraska.

The Nelson River originates at the northern end of

Lake Winnipeg and flows in a north and easterly direction

until emptying into the western portion of Hudson Bay

(Figure 1). It has a total flow distance of 1600 miles

through mostly uninhabited areas of northern Manitoba.

There are no cities along its course, no industry, and no

agricultural development of the watershed. Most of the

river is accessable only by airplane. It has a total discharge

of approximately 82,000 cfs and a vertical fall of 290 feet.

There are two recently constructed hydroelectric generating

stations on the river at Kelsey and Kettle, and a third
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under construction at Long Spruce. The pool areas created

are, however, very small compared to the total volume of

the river and are widely separated. The water is very clear

and the current velocity is slightly greater than that of

the Mississippi. The watershed is characterized by a

coniferous forest that appeared to be small and stunted,

especially at the northern sampling sites (Figure 5). The

soil consisted mostly of decayed organic material over

bedrock (Figure 6). Outcroppings of this rock were often

visable along the banks of the river. Sphagnum was very

widespread and often quite thick in the watershed. Rooted

aquatic vegatation was minimal or nonexistant. Nitrogen and

phosphorous levels in the Nelson River consequently were

typical of a river system that is uneffected by man's

activities in relation to urbanization, industrialization,

and agriculture, thus making it an excellent control area.

The Niobrara River has its origin in northwest Nebraska.

It drains the relatively unstable sand-hill country of

northcentral Nebraska and terminates in the Missouri River

near the town of Niobrar~ Nebraska (Figure 1). It is

somewhat smaller than the Mississippi at La Crosse with a

total discharge of 1200 cfs. The current velocity of the

Niobrara compares to that of the Mississippi but it is
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much more turbid than the Mississippi. There are no

inpoundments along its course, as well as no large cities

or urban areas, and farming activities on the watershed

are minimal. The watershed is characterized by mostly

grassland with areas of barren sand and small areas of

diciduous forest along the banks of the Niobrara and its

tributaries. The soil is sandy and very subject to

erosion thus resulting in the extremely high turbidity

and bedload.

The Mississippi River flows from Lake Itaska in

northern Minnesota southward through some of the most

productive agricultural regions in the world. There are

also several large cities along its banks and many more

cities and tmms on its \-7atershed. There are eight locks

and dams on the river by the time it reaches La Crosse,

Wisconsin and in most cases, the pool areas formed by the

one dam nearly reach the base of the preceeding dam. This

has the effect of producing extensive backwater areas (Figure 4).

At La Crosse, the Mississippi has an average discharge of

15000 cfs and a vertical drop of about 4 inches per mile.

The Mississippi south from St. Paul has considerable barge

traffic most of the year, and during tmsummer months it is

used extensively for recreational purposes. Man's influence
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on the Mississippi is obviously apparent.
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MATERIALS AND ~ffiTHODS

Sampling sites were established on the Nelson River

at Norway House, Kelsey, Kettle, and Long Spruce (Figure 1).

These sites represented the entire course of the river and

made possible comparisons of nitrogen and phosphorous levels

at different locations in the basin as well as establishing

representative averages that could be compared to the other

two river systems. These sites were also selected because

of their accessability by air. At each of these sites, two

core samples were taken of the sediments as well as a soil

sample from the watershed and a water sample (Table 2). Core

samples of the sediments were taken by wadeing into the river

to a depth of approximately one half meter and driving the

core sampler into the sediments. The sediments were then

extruded from the sampler, separated into two centimeter

segments and sealed in airtight plastic whirl packs. Soil

samples were taken from the watershed adjacent to the river,

sealed in whirl packs and labeled as was done with the

sediment samples. All samples were then refrigerated and

transported to the laboratory where they were kept fro7.en

until they could be analyzed.

Samples were collected from the Niobrara River at its
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confluence with the Missouri River. A small boat was employed

at this site to aid in collecting the samples. Three sediment

cores were taken in addition to the soil and water samples.,

Two cores were also taken from the Missouri River for

comparison (Table 3). The soil and sediment samples were

again sealed, refrigerated and transported to the laboratory

for analysis. Determinations were made for temperature,

turbidity and levels of nitrogen and phospherous in the

free water at all sites on the Nelson and Niobrara Rivers.

Surface water temperature was measured at each site with a

hand held thermometer. Turbidity was observed visually

and reported in relative amounts. Nitrate, nitrite and

phosphate were determined colorimetrically with a portable

spectrophotometer (Bausch & Lomb Model 20*).

In the laboratory, the samples were analyzed for

nitrogen and phosphorous content. Surface samples were

utilized for both the soil and the sediments. Nitrogen was

reported as nitrate nitrogen, nitrite nitrogen and organic

nitrogen. Phosphorous was reported as orthophosphate.

Standard methods of analysis were used throughout, as

outlined by the U.S. Public Health Service in "Standard

Methods for Water and Wastewater Analysis 13th edition".

7
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RESULTS

All data and results are reported in a form and units

similar to that for the Mississippi River such that easy

comparisons can be made. The data on the Mississippi River

was obtained from navigation pool 8 at La Crosse, Wisconsin

by Claflin and co-workers in June of 1975. Nitrogen is

reported in terms of nitrate nitrogen, nitrite nitrogen

and organic nitrogen. Phosphorous is reported as

orthophosphate.

In the Mississippi River Basin the organic nitrogen

level in the soil was 129.6 mg/g (Table 1). The nitrate

nitrogen level was 8.64 mg/g and the nitrite nitrogen was

0.37 mg/g. Unlike the Nelson River and the Niobrara River,

the nitrogen levels in the sediments of the Mississippi

River were higher than the nitrogen levels on the watershed.

The average amount of nitrogen found in the sedim~nts was

242 mg/g. Of that, approximately 14.2 mg/g was in the form

of nitrate nitrogen, 0.25 mg/g as nitrite nitrogen, and 227.4

mg/g as organic nitrogen. The nitrogen levels in the ~vater

were determined to be 1.039 mg/L nitrate nitrogen and 0.036

mg/L nitrite nitrogen. Phosphate in the soil averaged 0.66

mg/g while the average phosphate level in the sediment was

0.36 mg/g. The amount of phosphate found in the free water
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was 0.607 mg/L.

For the Nelson River Basin, the total nitrogen in

the soil averaged 87.9 mg/g (Table 2). Nitrate nitrogen

accounted 2.0 mg/g while nitrite nitrogen accounted for

less than 0.002 mg/g. Organic nitrogen was, by far, the

most abundant form of nitrogen found in the soil, and

accounted for 85.9 mg/g or over 97% of the total nitrogen.

The organic nitrogen level in the soil at Nonvay House,

the southern most site, was 69.5 mg/g. Moving northward

and downstream, the organic nitrogen level in the soil

increased to 79.5 mg/g at Kelsey and further downstream

at Kettle and Long Spruce increased to 94.5 mg/g and

100.0 mg/g respectively. The total nitrogen level in

the sediments of the Nelson River was considerably lower.

Organic nitrogen averaged 2.04 mg/g while nitrate nitrogen

averaged less than 0.1 mg/g and nitrite nitrogen was

completely absent. The only site on the Nelson River

where nitrogen could be detected in the water was at Long

Spruce where nitrate was detected at a concentration of

0.002 mg/L. The phosphorous levels in the Nelson River

basin were also relatively low. The average phosphate

level in the soil was 0.52 mg/g. As with nitrogen, the
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phosphate levels in the soil were highest at the northern

sampling sites (Table 2). The phosphate levels in the

sediments were considerably lower than in the soil (Table 2).

The only site on the Nelson River ~vhere phosphate was detected

in the sediments was at Kettle where the phosphate level was

.019 rng/g. Phosphate in the water of the Nelson River was

undetectable at Nonvay House and Kettle. The phosphate

level in the water was 0.01 mg/L and 0.02 mg/L at Kelsey

and Long Spruce, respectively. Nitrogen concentrations on

the Niobrara watershed were 2.0 mg/g organic nitrogen,

0.10 nitrate nitrogen, and 0.002 mg/g nitrite nitrogen.

Organic nitrogen concentrations in the sediments was also

2.0 mg/g. The nitrate nitrogen, however, averaged only

0.067 mg/g and nitrite nitrogen could not be detected.

Nitrogen concentrations in the water were ~lso too small

to be detected. Phosphate was present in concentrations of

0.10 mg/g in the soil, 0.017 mg/g in the sediments, and

0.02 mg/L in the free water.
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DISCUSSION

A comparison of the absolute quantities of nitrogen

and phosphorous in the three river systems studied indicates

that the Mississippi River Basin possesses higher concentrations

of these elements than does either the Nelson River Basin or

the Niobrara River Basin (Table 4). These higher concentrations

of nitrogen and phosphorous are evident in the soil, the

river sediments, and the free water. Although not conclusive,

the data lends support to the theory that the nitrogen and

phosphorous levels are higher in the Hississippi River Basin

due to the effects of manls activities. The origin of this

nitrogen and phosphorous is believed to be related to the

extensive farming operations on the watershed including the

widespread use of commercial fertilizers. Industrial wastes

that find their way into streams and rivers also contribute

to the elevated nitrogen and phosphorous concentrations.

The correspondingly high nitrogen and phosphorous levels

in the water and sediments of the Mississippi River indicates

that these elements are p~esent in a form that is free to

circulate throughout the ecosystem. All chemical elements

tend to circulate in the biosphere in a cyclic nature from

the environment to organisms and back to the environment

(Odum 1961). However, these cycles are often interrupted
11



and a nutrient is trapped in a place or in a chemical form

that makes it unavailable to the organisms. The phosphorous

level in the sediments of the Mississippi River is nearly

t'tvice as high as in the soil (Figure 2). This is' an

indication that phosphorous moves from the watershed to

the free water and then is being trapped in the sediments

and can not be used by the organisms. On the other hand,

there is considerable nitrogen and phosphorous present on

the Nelson watershed, but very small amounts were detected

in the water and the sediments, indicating that the nitrogen

and phosphorous that is present on the Hatershed is in a

chemical form that makes it immobile. Nearly all of the

nitrogen found on the Nelson watershed was in the form of

organic nitrogen (Table 2). The reason for the relatively

high values for nitrogen and phosphorous in the soil and the

low values for the water and tresediments appears to be the

large quantities of Sphagnum found on the watershed. The

nitrogen and phosphorous becomes organically bound in the

Sphagnum thus reducing its mobility and preventing it from

reaching the water or sediments. The largest amounts of

Sphagnum were observed at Kettle and Long Spruce where the

highest values for organic nitrogen and phosphate were also

12



obtained (Table 2).

In terms of absolute amounts of nitrogen and phosphorous,

the Niobrara River Basin was the lowest of the three areas

studied. In terms of mobility, however, the Niobrara River

was similar to the Mississippi River. It is interesting to

note that the phosphate level on the Niobrara watershed is

approximately one fourth that of the Nelson watershed while

the nitrogen levels in the water and sediments of the Niobrara

are over twice as great as those for the Nelson River. Keep

in mind, that if we were to compare the amounts of soluble

or mobile nitrogen and phosphorous, the values for the Nelson

River would be considerably lower than those for the Niobrara

River.

It has been shown that the accumulation of nutrients

in the sediments is closely associated with the accumulation

of fine particulate matter (Ruttner 1969). An oxidation

reduction system is set up at the surface of the sediments

that differentially releases the nutrients, however, some of

the nutrients are invaria~ly lost to the deeper sediments.

In addition to the variables in the oxidation reduction

system, this loss to the deep sediments depends upon the

rate of sedimentation which in turn depends upon current

13



velocity, turbidity and bedload. From visual observations,

the Niobrara River was most turbid and carried the greatest

bedload. The Mississippi River was less turbid than the

Niobrara River, but has the navigation pools that are lacking

in the Niobrara River. In both cases, however, the

sedimentation rate is relatively great; in the Niobrara

because of the bedload and in the Mississippi because of

the decreased current velocity in the pool areas. This

phenomenon may also contribute to the relatively high

concentrations of nitrogen and phosphorous in the sediments

of these two rivers compared to the Nelson River.

In order to assess man's influence on the Mississippi

River many more parameters must be investigated than were

incorporated into this study. The results of this study

should, however, provide· 1 imi ted cone lus ions \<lith regard

to baseline values for the continuing research on ·nutrient

accumulations in the Mississippi River.

14



CONCLUSIONS

Nitrogen concentrations in the Mississippi River Basin

are higher than either of the other DvO river systems

studied (Figure 2). Total nitrogen levels in the soil were

140 mg/g on the Mississippi watershed compared to 100 mg/g

on the Nelson watershed and 2.0 mg/g on the Niobrara watershed.

In the sediments, total nitrogen levels were 242 mg/g in

the Mississippi and less than 2.0 mg/g in both the Nelson

and the Niobrara Rivers. Nitrogen levels in the water were

also highest in the Mississippi.

Phosphorous (phosphate) in the soil was found to be

0.66 mg/g in the Mississippi Basin, 0.52 mg/g. in the Nelson

Basin and 0.10 mg/g in the Niobrara Basin (Figure 3). In

the sediments, the Mississippi was again high with 0.357

mg/g but the Niobrara was next with 0.0244 mg/g and the

Nelson lowest ~vith 0.0046 mg/g. In the free water of the

Mississippi the phosphate level was an average of 6.07

mg/L \vhi1e the Nelson River was 0.0075 mg/L and the

Niobrara River was 0.02 mg/L.

In the Nelson River Basin, most of the nitrogen and

phosphorous was in the form of bound organics (Sphagnum).

In the Mississippi and Niobrara River Basins, a considerable

15



proportion of the nitrogen and phosphorous was in the form

of soluble inorganics (nitrate and nitrite),
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Table 1. Nitrogen and phosphorous concentrations in the soil, water, and
river sediments of the Mississippi River at La Crosse, Wisconsin, June 1975.

LOCATION STATION NITRATE-N NITRITE-N ORGANIC-N PHOSPHATE
(mg/g) (mg/g) (mg/g) (mg/g)

MISSISSIPPI 1 SOIL 8.64 0.37 129.6 0.66
2 WATER"'~ 1.039 0.036 0.607
3 SEDIMENT 14.14 0.23 167.1 0.45
4 SEDIHENT 13 .53 0.16 156.7 0.14
5 SEDHlENT 6.13 0.23 304.8 0.20
6 SEDIHENT 24.67 0.31 369.9 0.62'
7 SEDIMENT 18.35 0.35 166.2 0.36
8 SEDIMENT 8.38 0.19 199.9 0.37

* Units are mg/L
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Table 2. Nitrogen and phosphorous concentrations in the soil, water, and
river sediments at four sites on the Nelson River, Manitoba, June 1975.

LOCATION STATION NITRATE-N NITRITE-N ORGANIC-N PHOSPHATE
(mg/g) (mg/g) (mg/g) (mg/g)

NORWAY HOUSE 1 SOIL 1.8 0 69.5 0.57
2 WATER>'( 0 0 0
3 SEDIHENT 0 0 2.4 a
4 SEDINENT 0 0 2.4 0

KELSEY 1 SOIL 1.6 a 79.5 0.25
2 WATER* a 0 0.01
3 SSDI1"lErIT 0 a 2.0 a
4 SEDIHENT r. 0 1.5 0v

KETTLE 1 SOIL 2.0 0.005 94.5 0.60
2 WATER* 0 0 0
3 SEDUlENT 0.1 0 3.5 0.025
4 SEDIHENT 0.35 0 1.5 0.012

LONG SPRUCE 1 SOIL 2.6 0.001 100.0 0.64
2 HATER>'( 0.002 a 0.02
3 SEDUIENT 0 0 1.5 0
4 SEDIMENT 0 0 1.5 0

* Units are mg/L
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~ab1e 3. Nitrogen and phosphorous concentrations in the soil, water, and
river sediments of the Niobrara River at it's confluence with the Missouri
River (Nebraska), July 1975.

LOCATION STATION NITRATE-N
(mg/g)

NITRITE-N
(mg / g)

ORGANIC-N
(mg/g)

PHOSPHATE
(mg/g)

NIOBRARA 1 SOIL 0.10 0.002 2.0 0.10
2 WATER* 0 0 0.02
3 SEDIHENT 0.10 0 6.0 0
4 SEDIHENT 0 0 0 0.012
5 SEDIHENT 0.10 0 0 0.038
6 SEDIHENT** 0.20 0.001 0 0
7 SEDIMENT''<* 0.30 0 2.2 0.072

* Uni ts are mg /L
** From Missouri River at mouth of Niobrara
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Table 4. A comparison of the average nitrogen and phosphorous concen
trations in the soil, water, and river sediments of the Mississippi
River (Wisconsin), the Nelson River (Manitoba), and the Niobrara River
(Nebraska), June - July 1975.

LOCATION STATION NITRATE-N
(mg/g)

NITRITE-N
(mg/g)

ORGANIC-N
(mg/g)

PHOSPHATE
(mg/g)

MISSISSIPPI 1 SOIL 8.64 0.37 129.6 0.66
2 WATER* 1.039 0.036 0.607
3 SEDIMENT 14.2 0.245 227.4 0.357

NELSON 1 SOIL 2.0 0.0015 85.9 0.52
2 HATER?~ 0.005 0 0.0075
3 SEDIMENT 0.056 a 2.04 0.0046

NIOER.t.RA 1 SOIL 0.10 0.002 2.0 0.10
2 WATER?'< a a 0.02
3 SEDUlENT 0.14 0.0002 1.64 0.0244

.'< Units are mg/L
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Figure 2. Nitrogen concentrations in the soil, sediment, and water of
the Mississippi, Nelson, and Niobrara river basins, June - July 1975.
Nitrogen concentration in the water of the Niobrara River is zero.
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Figure 3. Orthophosphate concentrations in the soil, sediment, and water
9£ the ~lississippi, Nelson, and Niobrara river basins, June - July 1975.
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Figure 4. Photograph of a backwater area in navigation pool 8 on the
Mississippi River, La Crosse, Wisconsin, June 1975.
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Figure 5. Photograph of the Nelson River at the Kettle site, Manitoba,
Canada, June 1975.
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Figure 6. Photograph illustrating the soil type found at the Long
Spruce site on the Nelson River watershed, ~~nitoba, Canada, June 1975.
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