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Lake Michigan Mass Balance
Study Objectives

• Determine loading rates for critical pollutants from 
major source categories (tributaries, atmospheric, 
sediments)

• Comprehensively evaluate the relative loading rates 
by media

• Develop predictive capabilities through 
mathematical modeling

• Forecast the environmental benefits of specific load 
reduction alternatives

• Improve understanding of ecosystem cycling and 
dynamics of bioavailable contaminants



Lake Michigan Mass Balance 
Contaminants

• Nutrients / Dissolved Oxygen
concern for over-production of algae, undesirable species, 
anoxia/hypoxia, and other symptoms controlled by nutrients
• Atrazine

potential concern for human and ecological effects;
current use – herbicide
• PCB Congeners

concern for fish consumption and ecological effects; 
banned substance
• Trans-nonachlor

concern for fish consumption and ecological effects;
cyclopentadiene pesticide, a breakdown product of 
chlordane; banned substance
• Total Mercury

concern for fish consumption and ecological effects;
multiple sources and uses
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Target Phosphorus Loads and Associated Endpoints for the Great Lakes









MICH1 Model-Predicted Total Phosphorus
(Whole Lake) and Chlorophyll-a (Epilimnion) 

Under Different Phosphorus Loading Scenarios



MICH1 Model-Predicted Total Phosphorus
(Whole Lake) and Chlorophyll-a (Epilimnion) 

Under Different Phosphorus Loading Scenarios



USEPA Great Lakes 
National Program Office 

Routine Open Lake 
Monitoring Stations



Lake Michigan Whole Lake Total Phosphorus
USEPA Great Lakes National Program Office (1976-2002)



1994-1995 Lake Michigan 
Total Phosphorus 

Mass Balance (kg/year)





Daily mean flow discharge, times of sample collection, and 
20% flow exceedance level at Grand River, Michigan 

(USGS 1998)





LM3-Eutrophication Scenario Forecasts 
for Total Phosphorus in Lake Michigan



Lake Michigan Mass 
Balance Study
Total Phosphorus (µg/L) Contour
0-10 meters
April 24 – May 11, 1994









Steady-State
Total Mercury Mass Budget
Lake Michigan (1994 – 1995)
(Sources and Sinks in kg/yr)









Concentration of
PCBs in

Lake Michigan Water
4/24/94 - 5/11/94

distance square inverse interpolation



1994 Average Lake Michigan
Atrazine Fluxes (kg/year)








