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OUTLINE

 Background: Acid rain and the Adirondacks

 Acid rain and lake trends: recent and historical

 Total Maximum Daily Loads (TMDLs) for acid‐impaired lakes

 Future initiatives

 Final thoughts      
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OBJECTIVES

 Evaluate response and potential recovery of acid impaired 
Adirondack lake watersheds to past and future changes in acid 
deposition.

 Inform New York State in its development of a TMDL to alleviate 
acid impaired lakes.
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Climatic Data
•Solar radiation
•Precipitation
•Temperature

PnET
Water balance
Photosynthesis
Living biomass
Litterfall

Net Mineralization

BGC – Surface water
Aqueous reactions

Uptake

Deep water flowWeathering

Wet 
Deposition

Dry 
Deposition

BGC
• Aqueous reactions
• Surface reactions

• Cation exchange
• Adsorption
• Humic binding
• Aluminum dissolution/precipitation

Atmospheric Chemistry

Carbon dioxide

Ozone



Annual sulfate deposition 
(meq/m2-yr)

Annual nitrate deposition 
(meq/m2-yr)

Spatial models for 
deposition
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CURRENT AND HISTORICAL 
PATTERNS



Big Moose Lake
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DOC
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Atmospheric Deposition of  Sulfur and Nitrogen 



Atmospheric Deposition of  Sulfur and Nitrogen Hindcast and Forecast Scenarios 



West Pond



West Pond Measured 



West Pond Measured Hindcast



Model simulated median values for lake chemistry and soil %BS at the 128 
TMDL sites for pre‐industrial conditions and near‐peak acidification 

measured values, as µeq/L, except pH and %BS.

Pre‐industrial 
conditions (1850)

Near peak 
acidification 
conditions
(1990)

SO4
2‐ 17.9 82.5

NO3
‐ 1.6 15.7

ANC 39.7 0.3

pH 6.44 5.1

Soil %BS 18.6 7.9



SYSTEMATIC CLEAN WATER ACT 
FRAMEWORK

 Establish Water Quality Standards

 Assess Waters of the State

 Identify Impaired Waters on 303d List

 Conduct TMDL Analysis

 Implement TMDL

 Evaluate (Post‐Audit)



Carry Pond



Simulation of  Carry Pond with DOC algorithmCarry Pond
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West Pond ANC in response to 
(a) Sulfur control



West Pond ANC in response to 
(a) Sulfur control
West Pond ANC in response to 
(a) Sulfur control
(b) Nitrogen control



West Pond ANC in response to 
(a) Sulfur control
West Pond ANC in response to 
(a) Sulfur control
(b) Nitrogen control

West Pond ANC in response to 
(a) Sulfur control
(b) Nitrogen control
(c) Sulfur and nitrogen control
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FUTURE ACTIVITIES

 Inform additional state TMDL analysis (e.g., TN)

 Inform U.S. EPA review of NOx‐SOx Secondary Standard

 Evaluate ecological co‐benefits of proposed EPA carbon 
emission rule (111d rule)

 Assess interactions between changing climate and air pollution





KEY MESSAGES

 Decreases in lake SO4
2‐ and  NO3

‐ are widespread in the 
Adirondacks in response to decreases in emissions and 
atmospheric SO4

2‐ and NO3
‐ deposition 

 There have been substantial improvements in the acid‐base 
status of lakes in the Adirondacks, but some lakes exhibit 
increases in DOC which attenuates increases in ANC

 Acid impaired lakes will continue to recovery from current air 
emission control program, but recovery would be accelerated by 
additional controls; about a third of lakes impaired by acid 
deposition will not likely recover without additional mitigation

 TMDLs/ Critical Loads can be important tools to help guide air 
quality management to protect ecosystems 
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