Gulf total area = 500K sq miles
MARB feeds the northern 50% of the Gulf = 250K sq miles: means 11,280 Ib N/sq mile

Louisiana area for fishing (landed in LA) = 300 X 60 miles = 18K sq miles
This area would have an average input of 203MM lbs N from the MARB flow

This area removes 98 MM Ib N in fish each year, which is equal to almost 50% of the incoming N.

While these numbers are likely not exact, the calculation shows that altering the inflow of N would
probably have a noticeable effect on the fishing industry in the northern Gulf.

4. Analysis of Factors Thought to Influence Hypoxia in the N. Gulf of Mexico.

In recent years, it has become unnervingly common to read misleading press reports and even overdone
headlines in scientific magazines, such as:

Fertilizer Runoff Overwhelms Streams and Rivers--Creating Vast "Dead Zones" (Biello, 2008).

Despite such emotional claims, there is a large body of scientific and technical knowledge that underlies
the occurrence of hypoxia in the Gulf. The main factors involved are many and complex including some
anthropogenic, some geological, and some natural biology. The overall process may be described as:
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For those who are involved in the detailed study of the hypoxic zone in the Gulf, each of these factors
should be analyzed and taken into account. Hypoxia is complex natural phenomena and is impacted by
multiple interacting factors.

For this particular study, we will focus on the nitrogen entering the Gulf via the MARB since that has
been a focal point of criticism by several groups.

Water flow

The volume of water entering the Gulf via the MARB fluctuates around an average of 21,000 m’/s
(Stdev = 4,000). The annual variation reflects the water status in a huge collection area of Mississippi
watershed which encompasses 42 river sub-basins, 20 major cities, and ~40% of the area of the U.S.

Several reports indicate that the stream flow is related to the hypoxic zone area. For example:

“U.S. Geological Survey (USGS) scientists have published a new analysis of streamflow and nutrient
(nitrogen, phosphorus, and silica) delivery from the Mississippi River Basin to the northern Gulf of
Mexico. Scientists have linked the delivery of nutrients and streamflow from the Basin to the formation

and extent of a "hypoxic zone"”.
Excerpt from USGS website at http://toxics.usgs.gov/highlights/of-2007-1080.html

We have explored the data from USGS (2009B) from the MARB flow, and compared this to the size of
the hypoxic zone from 1985 to 2008 and can find no clear relationship between the two factors:
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http://toxics.usgs.gov/highlights/of-2007-1080.html

Units: see factor for each curve
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Prior to 1997, there may be a slight trend of association and in 2000 both show a marked trough.
However, the lowest MARB flow rate in 2006 does not correspond to a low value in the hypoxic zone.
Overall, it is difficult to see why there are statements about a relationship with annual stream flow.

Nitrogen

The above statement, by USGS, also implicates the amount of nutrients reaching the Gulf in the MARB
flow. Additional statements include:

“Nitrogen is introduced to streams from diverse point and nonpoint sources, and the influx of nitrogen
to stream waters has increased as a result of human activities. An additional factor is wetland loss in the
Mississippi River watershed, which has reduced the watershed's natural ability to consume nutrients,
such as nitrogen. As a result of both of these factors, nitrogen discharge to the Gulf has increased.”

From USGS website summary: http://toxics.usgs.gov/highlights/nitrogen isotope.html

Using USGS (2009B) data we generated the following chart, where total N is the measured keldahl
nitrogen plus the nitrite plus the nitrate amount (all expressed as N) and the unit adjusted to hundred
metric tonnes to fit the scale:
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http://toxics.usgs.gov/highlights/nitrogen_isotope.html

Units: see factor for each curve
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What we see is a general trend for an association between the MARB flow and the total N delivered,
although this is more a case of low water flow delivers a lower N load rather than also being that a high
water flow delivered a high N load (perhaps, a one-sided relationship).

However, irrespective of the relationship between the MARB flow and N amount, there is no clear
relationship between water flow, or total nitrogen load, and the size of the hypoxic zone. All are low in
the year 2000, but water flow and total N are low in 2006 with no corresponding low in the zone size.
Similarly, 1993 had a high water flow and N load but not a noticeably higher hypoxic zone size.

Some may say that total N is not related to available N deliver since the Keldahl N is mostly organic and
not immediately available as a nutrient in the Gulf waters. USGA also records the amount of nitrite (NO,)
and nitrate (NOs) that enters the Gulf via the MARB, and this may better reflect the immediately
available N.

Consequently, we have taken the data for nitrite (NO,) plus nitrate (NOs), and plotted that out to see if
there is a relationship:
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Units: see factor for each curve
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Again, there appears to be an association between water flow and the amount of nitrite (NO,) plus
nitrate (NO3), but these do not relate well to the size of the hypoxic zone (except that they are all low in
the year 2000).

Thus, many of the statements about the relationship between water flow, nitrogen, and the size of the
hypoxic zone are inaccurate.

Sources of Nitrogen

While we have raised valid concerns about the data showing any clear relationship between the size of
the hypoxic zone and nitrogen delivered via the MARB, there is a considerable baseline level of N
delivered to the Gulf. It is of interest to better understand where this nitrogen originates from.

There are a number of potential sources of N that contribute to the N load entering the Gulf via the
MARB. These include:

e Natural sources such as fixation, soil, etc

e Agricultural sources such as fertilizer application

e Industrial sources such as waste water treatment

e Municipal sources such as sewage, golf courses, and run-off from lawns, etc.

There has been considerable finger-pointing at agriculture as the source of N and, in particular, at corn
because the total N application is relatively high.
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The USDA data on N application shows that corn does indeed account for a high portion of applied N in
the U.S. (We use total U.S. data here to demonstrate the calculated relationship and key points: the
actual amounts going out via the MARB will be a portion of the total but the ratio will be similar). The
overall application for the 4 major crops is assessed from acres and application rates. The “other” in the
following chart arises from the difference between total N used in the U.S and the amount applied to
the 4 major crops in the U.S. Thus, “other” will be for rangeland, vegetables, lawns, etc., and it can be
seen that the volume in this category is about the same as for corn.

K tons N
14,000 ~
12,000
10,000
8.000 Other
m \Wheat
6,000 B Soybean
Cotton
4,000
H Corn

2,000

The “other” category has increased slightly in recent years, while corn varies on an annual basis and
tends to be related to the area planted. What we can see is that the total N applied to corn does not
show any relationship to the N arriving in the Gulf via the MARB: e.g. the previous nitrite (NO,) plus
nitrate (NOs) chart shows a peak in 1993 and a low in 2000 — there is no corresponding high and low in
the N applied to corn.

We explored this further to determine the net N balance in relation to corn: our hypothesis was that
since corn yield has increased considerably over the years then the nitrogen removed in the grain will
have increased, thereby, resulting in a large increase in nitrogen use efficiency in corn. For the
calculations we assumed that grain protein content has been approximately the same, at 10% on a
bushel weight basis, and that N content in protein is a factor of 6.25. Using the USDA data on yield and
acres harvested, we calculated the N removed in the grain and compared this to the published weight of
N applied to corn. The following chart shows that in 1970 and 1980 the N removed was just over 50% of
the applied N. However, as yields corn increased without a corresponding increase in applied N, the
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ratio gradually improved until, for 2007, the N amount removed in the grain is about equal to the N
amount applied. This change over time is clearly shown in the following chart:

MM tons N N removed
6 - Total N applied in grain

NN P

1970 1980 1990 2000 2007

Therefore, under present day cultural practices, the net balance for N applied and N removed in corn is
such that there is no excess N available due to fertilizer use. The conclusion then is that any change in N
entering the Gulf via the MARB, over time, is probably not related to the use of fertilizer N for corn.

Other possible sources

The amount of N flowing through the MARB that originates from sewage has likely increased by a
considerable amount. While difficult to calculate the exact number, we can assume that N output per
person is relatively constant, while the population within the Mississippi watershed increased by 22%
between 1970 and 2000. Based on the U.S. Census Data, the population numbers are:

Total Mississippi
Year Watershed % Change
1970 65102090 0%
1980 70840151 109%
1990 72193256 111%
2000 79205511 122%

Another source that is linked to population and the expansion of homes is that from the N applied to
lawns. We don’t have a time series for the area of lawns but the following charts shows a large area of
lawns in the Mississippi watershed:
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Color-coded map shows satellite-derived estimates of the
fractional turf grass (lawn) area across the United States
in shades of green. Areas where a large fraction of the land
surface is lawn-covered are deepest green. NASA, 2005
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The estimated area for lawns, which includes golf courses and other commercial grass areas, in 2005,
was ~64K sq miles = 41 MM acres across the U.S. We estimate that 60% of the area falls within the
Mississippi watershed, which would be 24.6 MM acres of lawns.

The typical recommendation for lawns works out to be 130 Ib N/acre/season. Some people over-fertilize
and some people forget to fertilize: we use the recommended rate as the possible average use-rate.
Therefore, the amount of N applied to lawns within the Mississippi watershed is 3.2 billion |bs, or 1.6
MM tons N per year.

Since most lawns are cut and mulched there is relatively little removal of N, unlike the grain in corn.
Consequently, a major portion of the N applied to lawns may be available for leaching.

While the total amount of N applied to lawns is approx 25% of the total N applied to corn, the net N
available for leaching per acre is almost infinitely higher for lawns than from corn.
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6. APPENDIX

Oxygen in water is impacted by pressure, temperature, and salinity as shown in the following tables:

Oxygen Solubility in Fresh Water - Salinity ~ 0

mm
Hg

Pressure psi

abs

bar

Pa

Temperature

°C °F

0 32

5 41

10 50

15 59
20 68

25 77

30 86

35 95
40 104
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Solubility of Oxygen in Fresh Water - Salinity ~ 0

uMol

457

399

353

315

284

258

236

218

202

760

14.7

101.1

mg/l

14.6

12.8

11.3

10.1

9.1

8.3

7.6

6.5

ml/|

10.2

9.1

8.2

7.5

6.8

6.3

5.9

5.5

52

uMol

913

798

705

630

568

517

473

436

404

1520

29.3

202.2

Solubility

mg/l

29.2

25.5

22.6

20.2

18.2

16.5

15.2

14

12.9

ml/l

20.5

18.2

16.4

14.9

13.7

12.6

11.8

11

10.4

uMol

1823

1595

1411

1260

1137

1034

947

872

808

3040

58.7

404.3

mg/l

58.4

51.1

45.1

40.3

36.4

33.1

30.3

27.9

25.9

ml/|

40.9

36.4

32.8

29.8

27.3

25.3

23.6

221

20.8
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Oxygen Solubility in Sea Water - Salinity ~ 35,000 ppm (3.5% salt)

mm
Hg
Pressure psi
abs
bar
Pa
Temperature
°C °F
0 32
5 41
10 50
15 59
20 68
25 77
30 86
35 95
40 104
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Solubility of Oxygen in Sea Water - Salinity ~ 35

uMol

349

308

275

248

225

206

190

176

165

760

14.7

101.1

mg/I

11.2

9.9

8.8

7.9

7.2

6.6

6.1

5.6

5.3

mi/I

7.8

6.4

5.9

5.4

4.7

4.5

4.2

uMol

699

616

550

495

450

413

381

353

329

1520

29.3

202.2

Solubility

mg/|

22.4

19.7

17.6

15.9

14.4

13.2

12.2

11.3

10.5

ml/|

15.7

14.1

12.8

11.7

10.8

10.1

9.5

8.9

8.5

uMol

1399

1233

1099

991

901

826

761

706

658

3040

58.7

404.3

mg/|

44.8

39

35.2

31.7

28.8

26.4

244

22.6

211

ml/|

31.3

28

25.6

23.4

21.7

20.2

18.9

17.9

16.9
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Population in the Mississippi Watershed

Population by River basin

Year Upper Lower Mississippi Missouri River  Ohio River Tennessee River Arkanasas - Total Mississippi
Mississippi Basin Basin Basin Basin basin White-Red Watershed
Region
1970 19,605,744 6,288,638 8,623,661 20,565,791 3,188,642 6,829,614 65,102,090
1980 20,564,922 7,093,824 9,629,551 21,880,114 3,749,913 7,921,827 70,840,151
1990 21,020,445 7,099,866 10,043,497 21,801,561 3,925,273 8,302,614 72,193,256
2000 23,100,101 7,629,423 11,387,652 23,233,388 4,505,623 9,349,324 79,205,511

Source: CBS3 Clean Water Project, http://kyw.envirocast.net (Based on 1970-2000 US Census Data)

Golf Courses

Growth In Golf Facilities (1950 - 2000)

Number of Golf Facilities Millions of Golfers

18,000 30
16,000

14,000

12,000 Facilities 20
10,000 l

25

8,000 15

6,000 10
4,000
2,000
0 0
1950 1960 1970 1980 1990 2000*

* 2000 data is estimated
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