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Sample sites on the  
Mississippi River and 

major tributaries 



River transport of organic carbon, 
in milligrams per liter



River transport of polar organic compounds 
in nanograms per liter



River transport of non-polar organic
compounds in nanograms per liter



Organic carbon moves down the river in the 
aqueous, colloid, and particulate phases. More 
water-soluble compounds are transported 
predominantly by the water phase, and less 
water-soluble compounds are transported 
predominantly by the particulate and colloid 
phases, by partitioning into the associated 
organic carbon. 
What else can we learn about the organic 
matter transported to the Gulf of Mexico which 
produces the area of hypoxia? 



Application of biochar to soil has been 
proposed as a long-term sink for 
atmospheric carbon in terrestrial 
ecosystems while providing improved 
soil fertility and increased crop 
production. 

We are investigating the 
effect of formation 
conditions on the 
properties of biochar (from 
cellulose, lignin, pine, 
poplar, and switchgrass) 
and their implications for 
use of biochar as a soil 
amendment and for long-
term carbon sequestration.  
Properties related to 
charring temperature and 
duration include changes in 
biochar yield, elemental 
composition, functional 
groups by NMR 
spectroscopy, surface area, 
and acid functional groups. 



As an indication of impacts of 
large-scale biochar incorporation 
into agricultural soils to surface 
waters downstream, we are 
investigating effects of charring 
temperature and duration on 
water extracts of biochars, as 
determined by pH, dissolved 
organic carbon, and analysis of 
polar and non-polar organic 
compounds. 



Fate of black carbon 
in the hypoxic area, 

characterization 
expanded using 

BPCA analysis 

before and after 
widespread biochar 

use



Dissolved Organic Nitrogen 
in Surface Waters

• Increasing Concern
• Sources
• Complicated chemistry

Fate, transport, and reactivity of dissolved 
organic nitrogen have been overshadowed by 

nitrogen cycling studies that focus on inorganic 
nitrogen



Annual Flux to Gulf of Mexico: Total Nitrogen
• 1980-96 average

– 1,575,000 MT

• 2002-2006 average
– 1,146,000 MT
– 27.2% decrease

• 2001-2005 average
– 1,243,000 MT
– 21.1% decrease

• Six 5-year windows
– average of 22.4% decrease

• Medians are significantly 
different
– P = 0.05

Courtesy of Bill Battaglin, CO WSC



Annual Flux to Gulf of Mexico: Nitrate
• 1980-96 Average

– 961,470 MT

• 2002-2006 average
– 757,000 MT
– 21.3% decrease

• 2001-2005 average
– 813,400 MT
– 15.4% decrease

• Six 5-year windows
– average of 14.7% decrease

• Medians not significantly 
different
– P = 0.23

Courtesy of Bill Battaglin, CO WSC



Why is the size of the Hypoxic Zone Increasing?

• 1985-1996 average
– 11,360 Km2

• 2003-2007 average
– 14,640 Km2

– 28.9% increase
• 2002-2006 average

– 14,940 Km2

– 31.5% increase 
• 2001-2005 average

– 15,630 Km2

– 37.6% increase
• Seven 5-year windows

– 32% increase
• Medians not significantly 

different
– P = 0.82

goal

Courtesy of Bill Battaglin, CO WSC



From Scott, Harvey, Alexander & Schwarz (USGS) GBC, 2007

Across the conterminous US, organic nitrogen is
the dominant nitrogen fraction of river N loads



Important for ecosystem functioning and trophic dynamics

From Scott, Harvey, Alexander & Schwarz (USGS) GBC, 2007



Gulf of Mexico Tidal Wetlands
healthy mangroves on the Big Bend coast 

DON can account for 20 to 90% of the total nitrogen
loading to estuaries, and plays vital role in oceanic
biogeochemical cycles

http://coastal.er.usgs.gov/wetlands/images/gallery/ellen1LG.jpg


Most nitrogen export by Mississippi River,
initially attributed to agricultural fertilizer
and runoff



http://water.usgs.gov/owq/WQimages/image_library.htm

Drinking water treatment changing from 
chlorination to chloramination



DON: 65 percent of DN in wastewater 
effluents, 80 percent in nitrification-
denitrification systems. 

• secondary treated wastewater 
5-25 mg DON/L

• tertiary treated wastewater 
less than 4 mg DON/L 

Most wastewater is disinfected with 
chlorine - high DON produces organic 
chloramines



400 cellulose
80 wheat straw
40 coal
25 ferns
21 mosses
20 legumes
18 flowering plants with seeds
16 cycads and conifers
30 horse manure
19 cattle manure
16 sheep manure
9-19 pigs manure
2 proteins
3-5 bacteria
6 algae
4.5-15 fungi
5-8 soil orgasms
6 microbial cells
5-15 soil biomass

C/N ratios

• Lower C/N ratio is 
indicative of more 
autochthonous 
NOM sources

• Higher C/N ratio 
represents 
allochthonous NOM 
sources



Major soil organic nitrogen components:
•40 % Proteinaceous material 

(proteins, peptides and amino acids) 
•35% Heterocyclic organic nitrogen compounds 

(purines, pyrimidines) 
•20% Ammonia
• 5%  Amino sugars 



Only ten percent of the organic nitrogen species have
been identified

Wastewater-derived organic nitrogen is small molecular
weight and likely more reactive and bioavailable than
the larger humic-incorporated organic nitrogen



Amino acids in rivers and streams range from 50 to
1000 micrograms per liter, and may account for
between 30 to 50 % of the DON

Looking through the transition area, from the
river through the delta into the marine
hypoxic area:

• Analyze for amino acids, and changes in their
distribution profiles

• Analyze for vitamins B1 and B12



Also, analyzing the organic matter in the hypoxic
zone to determine if organic nitrogen (dissolved
and particulate) is responsible for the hysteresis
of the hypoxic zone in the Gulf.
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