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Colleapuies:

The following material is being submiticd in response o pablic comments suggesting that iotal
nitrogen concentrations in the lower Mississippi River were higher at the beginning of this
century than they are today. This response is based largely on poblished data presented in reponts
by Palmes (ca. 1903, Leighton {1907}, Dole of al.{1909), Goolsby et al {1999, Howarnth et al.
(1996, 1998), and Maybeck {1582).

To provide a basiz for determining long-term changes in nitrogen concentrations in the
Mississippi Basin, an estimate of mean nitrogen concentrations in the basin before European
settlement (“pristine” conditions) was developed for all major nitrogen species. This estimate is
given in table | at the end of thiz docoment. The mean dissolved maerganic nitrogen (DIN)
CONCENtration, nitrate + niirie + ammonium, was estimated to be about (0115 mgfL, and the mean
total dissolved nitrogen (organic + DIN) was estimated to be 0.375 me/L {Mayheck, 1982). From
these estimates the mean dissolved organic nitrogen (DON) was calealated to be about 0,26
mig/l. Particulate organic nitrogen (PON) concentration was calculated from the pre-development
annual sediment Mux from the Mississippi-Atchafalaya Basin to the Gulf {400 million metric tons
per year, Meacle, 1995}, the estimated M content of the sediment (0. 15%), and & mean anmaal
streamflow of 21,990 cubic meters per second (table 2.2 in Goolsby et al., 199%). From this
calculation, the POM concentration was estimated to be 00,86 ma/L. The pre-development total
nitrogen (TH) concemration was then caleulated from the sum of the DIN & DON + POM 0 be
1.24 mg/L. Onher TN estimates from the literature range from 0.79 to 1.15 mg'L (sce table 1)
Thus, our TN estimate of 1,24 mg/l may be a little high.

Published data were used to develop estimates of mean annual concentrations of all major
nitrogen species during the period 1897-1906 for 4 locations in the Mississippi Basin. The
locations are 1) the Lower Ilinois River, 2) Mississippi River near Grafton, IL (below Minois
River and above Missouri River), 3) Lower Missouri River, and 4) Lower Mississippl River,
These estimates, based on data pablished in Palmer (ea. 1903), Leighton (1907, and Dale,
{19049, are shown m table 2. Mean nitrogen concentrations at these 4 sites for 1980-98 (Goolsby,
et al.. 1999 are also shown in table 2 for compariaon,

The concentrations of DIN, DOM, and PON are shown in graphic form in figures 1-4 for the fowr
locations, Estimates are shown for three periods in the history of the basin- pristing, 1897-1006,
and the pressmt (1980-98).

Resulis presented in tables 1-2 and figures |-4 show that concentrations of total nitrogen




incrensed significantly at 3 of the 4 sites during the past 100 years. Essentially all of the increase
can be attribwied to nitrate, which has increased 2 to more than 5 fold. The exception to this is the
lower Missoun River where total W decreaséd slightly, even thongh the DIN concentration mone
than doubled. All of the decreass in total N m the Missoun River can be attributed 1o a large
reduction in the suspended sediment and PON flux from the Missouri Basin, Sediment discharge
from the Missouri River has decreased more than 50% since the 1950s due to construction of
several large reservoirs. The reservoirs trap large amounts of sediment and pamicalate forms of
nitrogen (PON) and other nutrients. The sediment flux from the Mississippi Basin to the Gulf of
Mexico has also decreased by abowt 30% since the 1950s (Meade, 1995). As a result, the PON
fux 1o the Gulf has also decreased by about 50%.

In summary, we found no data that would indicate the total nitrogen flux to the Gulf was higher
in the past than it is at the present time. PON flax @o the Gulf was higher before constnsction of
the Missouri River reservoirs than it is today. However, the decrease in PON flux has been more
than offset by an increase in nitrate and DIMN flus,
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Table 1. - Estimates of Nitrogen Concentrations in the Mississippi River Basin prior to
European Settlement (Pristine conditions).

Mi n o5 g/l Reference of source

MNitrate 010 Maybeck (1982} Ave. for unpollubed major
waorld rivers

LUK Clark, e al., (in press) median for 82 relatively

undeveloped U5, wabtersheds

A end um 0015 Mayheck (1981)

Dissolved inorganic M 115 Calculated from Maybeck (1982)

Toial dissalved N 0375 Playbeck (1982)

Dissolved orgamic N 26 Calculated (from Maybeck, 1981)

Particulate organic M .56 Calculated from estimated pre-development

sediment fMux of $00 x 109 tly (Mende, 1995); N
combent of sediment of 0.15% 3 1980-%6 mean

annual streamflow of 21,990 m3rs,

Total organic N 112 Calculated from dissolved and particulate
organic N
Total N 1.24 Caleulated from total dissalved N and particulate
organic N
Ohiher estimates of total N 093 Howarth et al., 199 (from Maybeck 1982)
0.08-1.15 Howarth et al., 199 (from Lewls, 1986)
0.7 Howarth et al., (1998) for mean discharges=17,313
ms; basin area=3.23 x 105 lom?2
026 Clark, et al, {in press); small watersheds

throughout the United States



Table 2. - Historical and Recent Data on Nitrogen Concentrations in the Mississippl River

Basin_(Results in milligrams per liter s N).

MNuamher i B
of :Iunauf - R dnorganss M
Location Samples Total DON! PON! Mirse-N MHg-H DIN  Total M

Lower Ilinois River
1RO 2 wieekly 1.01 [T 42 1.25 .18 1.63 264
1980-58 189 .22 045 060 409 Q14 4323 546
Upper Mississippi River near Graftom (below Hlinois B & above Missoun B.)
| BOO. | S0 70 I.10 1L &2 .50 0,13 0.72 1.82
1980-98 120 .27 O%1 063 26 011 114 4.0
Lower Missourl River
| S5 1540H0 63 183 03 15 03 o0ns 057 240
19R0-98 186G 1.3 051 ki 1.2 005 1.1% 4
Laower Mississippi
1 -0 52 .16 o40P 076° 056 019 066 182
1 2ED-98 ([12] 092 .52 .18 1.45 005 1.51 2.40

| DN and PON not analyzed on #ll samples in 1980-9%, thus DON + PON does not equal total

argamic M for this tme period.
Total N calculsted as the sum of total arganic N + DIN.
S abculpied as the pom of DON + PON,

bEsimated from DON concentrations in upper Misskssippi River and Lower Missouri River,

CEstimated as 2 times the average 198098 PON soncenirution.

dExtimated from NHy concentrations in the upper Mississippi and Lower Missoun River.
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