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Critical Questions:Critical Questions:

1. What are the sources of nitrogen 
pollution?

2. What are the ecological effects?

3. What are the most effective strategies for 
reducing nitrogen pollution and its effects?
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Deposition MapNitrogen DepositionNitrogen Deposition

Map courtesy of S. Ollinger.



Nitrogen and the Food CycleNitrogen and the Food Cycle



Daily Nitrogen Consumption in Food
New England and New York, 1909-1997
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Where does the nitrogen go?Where does the nitrogen go?

• Denitrification
• Biomass storage
• Soil storage
• Groundwater storage
• Export to estuaries

From Howarth et. al, 2002.





In forested watersheds, In forested watersheds, 
nitrogen pollution originates nitrogen pollution originates 

predominantlypredominantly
from atmospheric emissions from atmospheric emissions 

and deposition.and deposition.
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Non-Coastal Effects of N Pollution
• Tropospheric ozone formation

• Loss of forest productivity
• Due to ozone 
• Loss of nutrients (e.g. Ca2+) from soil

• Acidification of lakes and streams
• Acid sensitive fish species
• Mobilization of monomeric aluminum (toxic to fish)

• Human health concerns
• Air quality (ozone and particulates)
• NO3

- in groundwater (Methemoglobinemia)



From Aber et al. 2003 and Ollinger.

36% of 
forestland

“Leaky” Forests



Ecological Impacts of Nitrogen Ecological Impacts of Nitrogen 
in Coastal Watersin Coastal Waters

Photo credit W. Bennett, U.S.G.S.



Nitrogen inputsNitrogen inputs EffectsEffects ConsequencesConsequences

The Coastal ProblemThe Coastal Problem::
EutrophicationEutrophication

Increased PrimaryIncreased Primary
ProductionProduction

Loss of HabitatLoss of Habitat
Low OxygenLow Oxygen

Algal  BloomsAlgal  Blooms

Increased Increased 
NitrogenNitrogen



Source: CT Dept. of Environmental Protection
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Decline of Seagrass BedsDecline of Seagrass Beds

Pristine First stage of decline 
Epiphytes on blades
Water column algal blooms

Photo credit  R. Howarth.



Nitrogen and Eelgrass Cover in Waquoit Bay, MANitrogen and Eelgrass Cover in Waquoit Bay, MA
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From Costa in Valiela et al. 1992.
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Reducing Nitrogen Loading to Reducing Nitrogen Loading to 
EstuariesEstuaries

Management options evaluated:
1. Reduced N emissions:

75% reduction in utilities NOx .
EPA Tier 2 reductions in vehicle emissions.
90% reduction above Tier 2 in NOx from cars.
34% reduction in agriculture  NH3.

2. Biological Nitrogen Removal (BNR) for WWTPs.
3. Septic system improvements.
4. Offshore pumping of waste.
5. Agricultural Best Management Practices (33% 

reduction in runoff N). 



Integrated management optionIntegrated management option
includes…includes…

Basinwide tertiary wastewater treatment  +

expanded sewers to reduce septic +

Aggressive mobile cuts (90% above Tier 2)  +

Aggressive utility cuts -75% reduction of NOx
emissions.
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Ecosystem Protection for Ecosystem Protection for 
minimizing N inputs and runoffminimizing N inputs and runoff

• Wetlands protection.
• Conservation of forested and non-urbanized 

areas.
• Farmland reserve programs to reduce 

fertilizer and waste inputs in sensitive lands.



Coastal watersCoastal waters
• Nitrogen pollution to Northeast estuaries is dominated by 

wastewater effluent (36-81%) and atmospheric deposition (14-
35%).

• Over-enrichment by nitrogen has caused low-oxygen, loss of 
habitat and algal blooms in some Northeast estuaries (such as 
Waquoit Bay, MA).

• Improved wastewater treatment results in the largest reduction 
in nitrogen pollution in our two case studies (up to 57% for Long 
Island Sound).

• Emissions reductions of NOx from utilities and vehicles has the 
added benefit of reducing nitrogen pollution to coastal waters 
(up to 14% for Casco Bay). 

• An integrated management plan that includes nitrogen controls 
on several sources achieves maximum reductions in nitrogen 
pollution.



Publications

ØBioScience 53: 358-374
ØEnvironment 45: 8-22
ØPaper on forest modeling in press at CJFAS
ØPaper on watershed N loading submitted to 

SOTE
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Climatic data
•Solar radiation
•Precipitation
•Temperature
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New slide showing PnET results



ForestsForests
– Nitrogen pollution to NE forests is dominated by emissions 

from transportation (39%) and electric utilities (26%).
– Nitrogen pollution deposited on forests has not decreased 

since measurements began at the Hubbard Brook 
Experimental Forest, NH in the 1960s.

– Current ozone levels are projected to reduce forest 
productivity in the NE by 4-14% per year.

– 36% of forestland in the NE receives N deposition above 
levels which result in elevated nitrate leaching – an early 
indication of saturation.

– 40% of lakes in the Adirondacks and 15% in New England 
are still chronic or seasonally acidic.

– An additional 30% cut in nitrogen emissions is needed to 
reduce deposition below levels at which nitrate runoff occurs.

– Only N cuts combined with a 75% reduction in utility sulfur 
dioxide emissions would allow for significant improvements in 
acid-impacted watersheds.


