
 
 

 
 

Paula Goodman Maccabee, WaterLegacy Advocacy Director and Counsel  
1961 Selby Ave., St. Paul, MN 55104  (651-646-8890) 

paula@waterlegacy.org or pmaccabee@justchangelaw.com  

 

 
September 29, 2021 
 
Paul Proto (proto.paul@epa.gov) 
United States Environmental Protection Agency Region 5    
77 West Jackson Boulevard 
Chicago, IL 60604 
 
RE: Comments on EPA's Additions of Wild Rice Waters Impaired Due to Sulfate to 

Minnesota’s Impaired Waters List, Updated Notice of September 1, 2021 
 
Dear Mr. Proto, 
 
These comments are submitted on behalf of WaterLegacy and Northeastern Minnesotans for 
Wilderness (“NMW”). We appreciate the oversight exercised by the U.S. Environmental 
Protection Agency (“EPA”) under the Clean Water Act (“CWA”) to partially disapprove 
Minnesota’s 2020 CWA Section 303(d) impaired waters list and to propose listing 33 Water 
Quality Limited Segments (“WQLS”) impaired due to sulfate affecting their beneficial use for 
wild rice.  
 
We submitted comments on June 30, 2021, supporting EPA’s April 28, 2021 Decision Document 
identifying 30 wild rice waters impaired due to excessive sulfate. This letter and its attachments 
provide comments on EPA’s September 1, 2021 identification of three additional impaired waters: 
Perch Lake (WID 69-0688-00), Sturgeon Lake (WID 25-0017-01), and the St. Louis River estuary 
segment (WID 69-1291-04). 
 
First, WaterLegacy and NMW strongly support EPA’s proposed designation of each of these three 
additional waters. We agree with the EPA that these waters are wild rice waters where the data 
demonstrates sulfate impairment. 
 
In addition, with these comments WaterLegacy and NMW provide further information to support 
EPA’s identification of Birch Lake as a wild rice water where the data demonstrates sulfate 
impairment. We request that the EPA add Birch Lake to its list of WQLS impaired due to sulfate 
in excess of Minnesota’s 10 milligrams per liter (“mg/L”) wild rice standard. 
 
The expert opinion of Dr. Patrick Brezonik supports listing Birch Lake as impaired. 
 
Dr. Patrick Brezonik is an environmental chemist who has conducted research on surface water 
quality, chemistry, and related fields for over 55 years. His graduate degrees (M.S. and Ph.D.) are 
from the University of Wisconsin (Madison). During his professional career as a professor at two 
Research Level I institutions (University of Florida, 1966-1981) and University of Minnesota, 
1981-), he mentored more than 65 M.S. and 25 Ph.D. students. Dr. Brezonik has authored or 
coauthored more than 150 peer-reviewed articles and book chapters. He was the Director of the 
University of Minnesota’s Water Resources Center for 18 years, and he initiated the process to 
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establish the interdisciplinary graduate degree program in Water Resources Science, which today 
is the University’s largest, free-standing graduate program. From 2004 to 2007, Dr. Brezonik 
served as program director for environmental engineering at the National Science Foundation. 
Over the years he has chaired or served on many National Research Council panels and committees 
on environmental issues. He also chaired the MPCA’s scientific peer review panel pertaining to 
the wild rice sulfate standard. Finally, Dr. Brezonik is the lead author of a widely used textbook 
on water chemistry, and recently submitted the files for a second edition of the book for publication 
by Oxford University Press in 2022.  
 
Dr. Brezonik reviewed the EPA’s April 28, 2021 Decision Document and the comments and 
exhibits pertaining to Birch Lake submitted by WaterLegacy and NMW on June 30, 2021. He 
summarized  his analysis as follows: 
 

[M]y analysis of these reports, letters, and data sheets supports the conclusions that 
(a) Birch Lake (69-0003-00) is properly designated as a wild rice lake and                
(b) sulfate concentrations in parts of the lake exceed the State of Minnesota’s water 
quality sulfate standard of 10 mg/L for designated wild rice waters. Therefore, I 
conclude that the lake (or parts thereof) should be listed in the state’s 303(d) list of 
impaired waters.  

 
Specifically, Dr. Brezonik found that the 2011 Barr Report as well as his own observations 
demonstrated that “Birch Lake is a wild rice water body.” With respect to sulfate impairment, he 
concluded, “Exhibits A, F, G, H, I, and J all report sulfate concentrations in parts of Birch Lake 
that exceed the 10 mg/L standard, some substantially so. The evidence for exceedances thus is not 
limited to one study or one set of laboratory analyses but is consistent across a range of years, 
investigating groups and analytical laboratories.”   
 
Dr. Brezonik reviewed the NMW data and found that “the sampling program used appropriate 
methods, the persons involved in the sampling were properly trained, and the field data collected 
in the effort appear reasonable. The sulfate analyses for all the NMW samples were done by a 
state-certified laboratory.” He concluded with respect to the NMW data: 
 

[T]he sampling effort and associated results are reliable. In addition, the sampling 
effort was substantial in quantity (total of 104 samples over three different months), 
and I conclude that the evidence provided by the study is sufficient to demonstrate 
that parts of Birch Lake, specifically the areas in and around Bob’s Bay and Dunka 
Bay are sulfate-impaired wild rice waters.  
 

Dr. Brezonik explained his conclusion was also “supported by the earlier (but less extensive data 
in Exhibit F (1854 Treaty Authority) and the 2021 data in Exhibit I (NLSAP report).” He did not 
rely on MPCA monitoring data which used a turbidimetric method that he noted is longer accepted.  
 
Dr. Brezonik unequivocally concluded:  
 

I consider the reports and data provided to me for this analysis sufficient to 
conclude that Birch Lake is a wild rice lake and that parts of the lake, specifically 
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in the region around Bob’s Bay and Dunka Bay, are impaired by sulfate 
concentrations that exceed the State of Minnesota’s water quality standard for wild 
rice waters. 

 
Dr. Brezonik’s opinion letter (Attachment A) and current curriculum vitae (Attachment B) are 
enclosed with these comments. 
 
The Clean Water Act requires EPA to independently analyze all existing and readily 
available data. 
 
Once the EPA has disapproved a state’s Section 303(d) list for failure to list WQLS, the EPA 
Regional Administrator has an independent responsibility to “identify such waters in such State 
and establish such loads for such waters as he determines necessary to implement the water quality 
standards applicable to such waters.” 33 U.S.C. § 1313(d)(2) (emphasis added). Under 
implementing rules, the EPA’s determination of what listings are necessary is not limited by state 
data: 
 

If the Regional Administrator disapproves such listing and loadings, he shall . . . 
identify such waters in such State and establish such loads for such waters as 
determined necessary to implement applicable WQS . . . After considering public 
comment and making any revisions he deems appropriate, the Regional 
Administrator shall transmit the listing and loads to the State, which shall 
incorporate them into its current WQM plan.  
 

40 C.F.R. § 130.7(d)(2)(emphasis added). CWA regulations also require assembly and evaluation 
of “all existing and readily available water quality-related data and information,” that waters for 
which water quality problems have been reported by the public should be analyzed, and “[t]hese 
organizations and groups should be actively solicited for research they may be conducting or 
reporting.” 40 C.F.R. § 130.7(b)(5), (b)(5)(iii). 
 
Under the CWA, EPA must use all existing and readily available data, whether or not a state has 
used that data. In Thomas v. Jackson, 581 F.3d 658, 668 (8th Cir. 2009), the court upheld EPA’s 
decision to review Iowa’s impaired waters list “in accordance with existing federal regulations” 
rather than limiting its review to “credible data” as defined in state law. In Sierra Club, Inc. v. 
Leavitt, 488 F.3d 904, 914 (11th Cir. 2007), the court of appeals held that “the EPA’s data-cutoff 
decision contradicts the CWA’s statutory and regulatory language such that it is not entitled to 
deference” under Chevron, U.S.A, Inc. v. Natural Resources Defense Council, Inc., 467 U.S. 837, 
842-43 (1984). In simple terms, if the EPA disapproves a state’s impaired waters list, “the federal 
government must, per the CWA, assume the state’s responsibilities.” Envtl. Law & Policy Ctr. v. 
United States EPA, No. 3:17CV015154, 2018 U.S. Dist. LEXIS 61569 *11, 2018 WL 1740146 
(N.D. Ohio, Apr. 11, 2018).  
 
In identifying impaired waters under 33 U.S.C. § 1313(d)(2) and 40 C.F.R. § 130.7(d)(2), the EPA 
is no longer judging the state’s process. The EPA is making its own determination of impaired 
waters necessary to implement water quality standards and to carry out the purposes of the CWA. 
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The purposes of the CWA would not be served by ignoring 2020 and 2021 data pertaining to 
sulfate impairment in Birch Lake when the EPA is making its identification of impaired waters in 
2021. Had the MPCA conducted appropriate and timely sampling in Birch Lake or required mining 
industry representatives to provide their current and appropriately documented sampling to the 
MPCA, it is clear that such data would have demonstrated sulfate impairment. The public interest 
requires the prompt listing of wild rice waters impaired due to excessive sulfate. A data-driven 
analysis demonstrates that EPA should list the western half of Birch Lake, including Bob Bay and 
Dunka Bay, as impaired due to sulfate pollution. The CWA and the public interest require timely 
protection of wild rice and Birch Lake in compliance with Minnesota’s wild rice sulfate water 
quality standard.  

Conclusion 
WaterLegacy and NMW strongly support the EPA’s proposed listing of the 33 wild rice WQLS 
impaired due to sulfate as identified by EPA on April 28, 2021, and September 1, 2021. We request 
that EPA also identify Birch Lake as a wild rice WQLS impaired due to sulfate. One of 
Minnesota’s foremost experts on water chemistry has found the data provided by WaterLegacy 
and NMW to be sufficient in quantity and quality to support this listing. The EPA is obligated 
under the CWA to consider all readily available data that demonstrates sulfate impairment. This 
obligation is independent of the process MPCA used or did not use to identify wild rice WQLS 
impaired due to sulfate.  

Please feel free to contact Paula Maccabee (pmaccabee@justchangelaw.com or 
paula@waterlegacy.org) or Matt Norton (matt@savetheboundarywaters.org) if you have any 
questions about Birch Lake data or these comments.  

Respectfully submitted, 

Paula G. Maccabee 
Advocacy Director and Counsel 
WaterLegacy 

Matt Norton 
Policy and Science Director 
Campaign to Save the Boundary Waters 

cc. Barbara Wester (wester.barbara@epa.gov)

Attachments Enclosed 



Patrick L. Brezonik, Ph.D. 

Professor Emeritus 
6600 Lyndale Ave. S #100 

Richfield MN 55423

September 20, 2021 

Paula Maccabee 

Advocacy Director and Counsel 

WaterLegacy 

Matt Norton 

Policy and Science Director 

Northeastern Minnesotans for Wilderness 

Dear Paula and Matt: 

I am pleased to provide the following analysis of data and other information in support of 

designating Birch Lake (69-0003-00, northeast of Babbitt, St. Louis County, Minnesota) as an 

impaired water relative to the State of Minnesota’s water quality standard for sulfate 

concentrations in waters designated for wild rice production. Paula contacted me regarding this 

analysis and provided the documents listed below, which I used in conducting the analysis. 

First, let me provide some background information about myself to help you in evaluating the 

analysis. I am an environmental chemist by academic training and have conducted research on 

surface water quality, chemistry, and related fields for over 55 years. My graduate degrees (M.S. 

and Ph.D.) are from the University of Wisconsin (Madison). During my professional career as a 

professor at two Research-I institutions (University of Florida, 1966-1981) and University of 

Minnesota, 1981-), I mentored more than 65 M.S. and 25 Ph.D. students. Mostly with them, I 

have authored or coauthored more than 150 peer-reviewed articles and book chapters. I was the 

Director of the University of Minnesota’s Water Resources Center for 18 years, and during that 

time I initiated the process to establish the interdisciplinary graduate degree program in Water 

Resources Science, which today is the University’s largest, free-standing graduate program. 

From 2004 to 2007, I served as program director for environmental engineering at the National 

Science Foundation, and over the years I have chaired or served on many National Research 

Council panels and committees on environmental issues. Finally, I am the lead author of a 

widely used textbook on water chemistry, and my coauthor and I recently submitted the files for 

a second edition of the book, which our publisher, Oxford University Press, requested us to 

prepare for publication in 2022. A recent curriculum vita is attached. 

Documents I used in my analysis are as follows: 

 EPA April 27, 2021 decision document and cover letter adding sulfate impaired waters to

Minnesota 303(d) list.

 WaterLegacy response letter to EPA dated June 30, 2021.

 Water Quality Technical Report, dated June 2021, by Eric Morrison, prepared for Water

Legacy by Northern Lakes Scientific Advisory Panel (NLSAP).

 2020-2021 Sulfate Sampling Effort for Birch Lake (69-0003-00), prepared by Lisa Pugh,

NMW, dated June 28, 2021, and described as Exhibit G.
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 Exhibit F, 1854 Treaty Authority Birch Lake Sulfate Sampling Results (pdf). 

 Exhibit D, Technical memorandum from Barr Engineering to Craig Hartmann, Cliffs Erie 

regarding wild rice a wild rice literature review and field survey. 

 Exhibit H, spreadsheet labeled Summary of NMW Report Data - Birch Lake 

 Exhibit J, spreadsheet labeled Data Birch Lake – MPCA – Monitoring Reports (69-0003-

00) 

 Exhibit A, spreadsheet labeled WL Birch Lake – Add Wild Rice Impaired Waters 

(Except Birch Lake) (0000000). 

 Exhibit E, Twin Metals, Figure 8-7, Wild Rice in Birch Lake (Dec. 18, 2019) (pdf) 

 

In brief, my analysis of these reports, letters, and data sheets supports the conclusions that (a) 

Birch Lake (69-0003-00) is properly designated as a wild rice lake and (b) sulfate concentrations 

in parts of the lake exceed the State of Minnesota’s water quality sulfate standard of 10 mg/L for 

designated wild rice waters. Therefore, I conclude that the lake (or parts thereof) should be listed 

in the state’s 303(d) list of impaired waters.  

 

Several of the documents listed above, including the 2011 Barr report (Exhibit D) demonstrate 

that Birch Lake is a wild rice water body. As an aside, I personally have observed extensive 

stands of wild rice on western parts of Birch Lake when my research group sampled it in 2015 

and 2016 as part of NSF-funded research (unrelated to the issue at hand in this letter). Exhibits 

A, F, G, H, I, and J all report sulfate concentrations in parts of Birch Lake that exceed the 10 

mg/L standard, some substantially so. The evidence for exceedances thus is not limited to one 

study or one set of laboratory analyses but is consistent across a range of years, investigating 

groups and analytical laboratories.  

 

The most extensive sulfate concentration data available for Birch Lake appear to be those 

obtained by NMW, primarily in May and June 2021, with a few additional samples collected in 

August 2020. From Exhibit H, the grand average sulfate concentration for all 104 samples 

collected over that time period is 13.6 mg/L (higher than the 10 mg/L standard). Substantially 

higher concentrations were found in Bob’s Bay: average = 29.6 mg/L (N – 17), and Dunka Bay: 

average = 15.3 mg/L (N = 6), as well as north of Dunka Bay: average = 11.4 mg/L (N = 43). 

Bob’s Bay and Dunka Bay both have tributaries that drain existing or past iron mining lands.  

 

I also reviewed the documentation accompanying the 2021 NMW data (Exhibit G) and find that 

the sampling program used appropriate methods, the persons involved in the sampling were 

properly trained, and the field data collected in the effort appear reasonable. The sulfate analyses 

for all the NMW samples were done by a state-certified laboratory. Based on these 

considerations, I conclude that the sampling effort and associated results are reliable. In addition, 

the sampling effort was substantial in quantity (total of 104 samples over three different months), 

and I conclude that the evidence provided by the study is sufficient to demonstrate that parts or 

Birch Lake, specifically the areas in and around Bob’s Bay and Dunka Bay are sulfate-impaired 

wild rice waters. My conclusion is supported by the earlier (but less extensive data in Exhibit F 

(1854 Treaty Authority) and the 2021 data in Exhibit I (NLSAP report). I consider most of the 

data in Exhibit J (MPCA Monitoring Reports) to be questionable because it is based on an old 

(no longer accepted) turbidimetric method. Some of the data are quite old (e.g., 1970s) and 
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thus should not be considered as relevant in making decisions about the status of a water body in 

2021. 

 

In summary, I consider the reports and data provided to me for this analysis sufficient to 

conclude that Birch Lake is a wild rice lake and that parts of the lake, specifically in the region 

around Bob’s Bay and Dunka Bay, are impaired by sulfate concentrations that exceed the State 

of Minnesota’s water quality standard for wild rice waters. 

 

If you have any questions about my analysis, I would be happy to try to answer them. Thank you 

for the opportunity to review the reports and data. 

 

 

Sincerely yours, 

 

 

 

 

 

 

Patrick L. Brezonik, Ph.D. 
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RESUME 
PATRICK L. BREZONIK 

   TITLE AND CONTACT INFORMATION  
Professor Emeritus 
Department of Civil, Environmental and Geo- Engineering 
500 Pillsbury Dr. SE 
University of Minnesota 
Minneapolis, MN 55455 
(612) 625-5522; brezonik@umn.edu

   EDUCATION 
1963 Marquette University, Milwaukee, Wisconsin, B.S., Chemistry and Mathematics 
1965 University of Wisconsin, Madison, Wisconsin, M.S., Water Chemistry 
1968 University of Wisconsin, Madison, Wisconsin, Ph.D., Water Chemistry 

   EMPLOYMENT 
1966-1970 Assistant Professor, Department of Environmental Engineering Sciences, 

University of Florida, Gainesville 
1970-1976 Associate Professor, Environmental Engineering Sciences, University of Florida 
1971-1972 NSF Faculty Fellow and Guest Professor, EAWAG-ETH, Zurich, Switzerland 
1976-1981 Professor, Environmental Engineering Sciences, University of Florida 
1980 Guest Professor, summer quarter, EAWAG-ETH, Zurich, Switzerland 
1981-2010 Professor, Department of Civil Engineering, University of Minnesota 
1984-2010 Member of graduate faculty in Ecology 
1985-2003 Director, Water Resources Center 
1991-1995 Director of Graduate Studies, Water Resources Science graduate minor 
1995-9; 2001-3 Founding Director of Graduate Studies, interdisciplinary Water Resources Science Graduate 

Program (M.S. and Ph.D.) 
2004-2007 Program Director, Environmental Engineering, National Science Foundation 
2005-2007 Program Manager, NSF Major Research Equipment and Facilities Program, WATERS 

Network Initiative 

   PROFESSIONAL SOCIETIES 
American Academy of Environmental Engineers and Scientists 
American Chemical Society, emeritus status 
American Society of Limnology and Oceanography, emeritus status 
Association of Environmental Engineering and Science Professors 
International Humic Substances Society 

   PROFESSIONAL ACTIVITIES 
Central States Water Environment Association, 2020, 2014: developed and led afternoon session on 

professional and engineering ethics at annual conference in St. Paul, MN (online in 2020). 
Arizona State University, 2014: external reviewer for three multidisciplinary proposals for sustainability 

networks to be submitted to NSF. 
American Academy of Environmental Engineers and Scientists, 2018- member certification by eminence 

committee; 2011-2013: led the development and oversaw the activities of nine workgroups charged with 
developing written and oral exams for the AAEES’s new board certification program for environmental 
scientists. 

American Chemical Society: Environmental Science and Technology, member of editorial board, 1973-1978; 
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assoc. editor for special issue in honor of Werner Stumm, 1998. 
American Society of Civil Engineers: co-chair, second annual Environmental Engineering Division Confer-

ence; Gainesville, Florida, July 1975. 
American Society of Limnology and Oceanography: Limnology and Oceanography, member of editorial 

board, 1975-1976; chair, organizing committee for 1985 annual meeting in Minneapolis. 
Association of Environmental Engineering and Science Professors Foundation, member, Board of 

Directors, 2009-2011. 
National Academy of Sciences-National Research Council:  

Chair of Panel on Nitrates in the Environment, 1975-1978  
Member of Committee on Restoration of Aquatic Systems, 1989-1991  
Member of Committee to review EPA's EMAP program, 1991-1994 
Member of Water Science and Technology Board, 1993-96 
Chair of Committee on the Future of the Science of Inland Aquatic Ecosystems, 1994-96 
Member of Committee on Ecological Indicators for Terrestrial and Aquatic Environments, 1996-9 
Member of Committee on Restoration of the Greater Everglades Ecosystem (CROGEE), 1999-2004 
Member of Committee on Upper Mississippi River Navigation Study, 2003-5  
Chair, Committee to Review the St. Johns River Water Supply Impact Study, 2009-2011.  

National Association of Water Institute Directors: member of Council of Representatives, 1986-1991; 
Chair, 1988-1990 

National Association of State Universities and Land-Grant Colleges: member Board of Directors of 
Environmental Division, 1989-91 

State of California, 2011: reviewer of documents in support of TMDL for toxic pollutants in the 
Dominguez Channel and Greater Los Angeles and Long Beach Harbor waters; 2009: reviewer of 
documents for proposed TMDL for nutrients and sediments for Lake Tahoe. 

Universities Council on Water Resources: member of Board of Directors, 1988-1995; president, 1991-92  
University of Florida, School of Natural Resources and Environment, member, external advisory council 

2005-2010. 
University of Iowa, Institute for Hydraulic Research, member external advisory council, 2008-2011. 
Water Pollution Control Federation: Research Committee, 1973-1977; Standard Methods Committee, 

1974-1980; chair, Joint Task Groups on Nitrate and Nitrite, 1976-l980 
Water Environment Research Foundation: Research Council, 1992-97 
 
   GRADUATE STUDENTS SUPERVISED 
64 M.S. and 26 Ph.D. students at Universities of Florida and Minnesota. 
Ph.D. or post-Ph.D. advisees: Lawrence Baker, Geoffrey Chavula, Naomi Detenbeck, Filiz Dadaser, 
Andrew Fang, Brian Huser, Abdul Khwaja, Steven Kloiber, Carl Mach, Bruce Monson, Lorin Hatch, 
Keith Pilgrim, Carolyn Sampson, Noel Urban, Thomas Belanger, Eldon C. Blancher, Ralph Brooks, 
Francis X. Browne, Neil Carriker, Forest E. Dierberg, Charles W. Hendry, Jay J. Messer, Carl Miles, R. 
Walter Ogburn, III, James W. Patterson, Curtis Pollman, Earl E. Shannon, John R. Tuschall. 
 
   AWARDS 
NSF Science Faculty Fellowship, 1971-72 
Universities Council on Water Resources, Friend of UCOWR, 1996 
University of Minnesota, Fesler-Lampert Chair in Urban and Regional Affairs, 2003-4 
Association of Environmental Engineering and Science Professors, Distinguished Service Award, 2004 
US Geological Survey, Benchmark Award, for distinguished service to WRRI program, 2005 
Universities Council on Water Resources, Warren Hall Medal, 2007 
University of Minnesota, Dave Ford Water Resources Award, 2007 
US EPA, Career Appreciation Award, 2010 
AAEES, Board Certified Environmental Scientist (BCES), by eminence, 2012 
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   RECENT UNIVERSITY SERVICE ACTIVITIES  
Member, search committee for Dean of College of Continuing Education, 2000-1 
Member, department head search committee for Dept. of Soil, Water, and Climate, 2000-2 
Member, Dept. of Civil Engineering Planning Committee, 2001-2 
Member, College of Natural Resources Administrative Council, 1998-2003 
Member, Graduate School Constitution Committee, 2001-2 
Member, Graduate School Ethics Advocates Committee, 1999-2001 
Chair, Faculty Education Advisory Committee for Office of the Vice-President for Research, 2001-3 
Member Senate Judicial Committee, 2000-2004 
 
   RESEARCH INTERESTS 
Chemistry and quality of natural waters; eutrophication of lakes and rivers; nutrient cycling and 
chemistry; phosphorus dynamics in sediment-water systems; transport and retention processes for 
nitrogen in large river systems and impacts on hypoxia in coastal waters; sources and distribution of acid 
precipitation and its ecological effects on lakes; biogeochemical cycling of mercury and other metals; 
heavy metal reactivity and speciation; natural organic matter in water; aquatic photochemistry; kinetics of 
chemical processes in aquatic systems; application of GIS and satellite imagery to regional-scale 
modeling and analysis of lake and river water quality; scale issues in watershed science and management; 
development of indicators and sampling designs for ecological monitoring and assessment programs. 
 
   RESEARCH and WORKSHOP GRANTS 
Major grants during last ten years; PI or Co-PI on ~50 grants before 1996 
    1. U.S. EPA/NSF, Integrating Modeling and Management of Agriculturally-Impacted Watersheds: 
Issues of Spatial and Temporal Scale, 1996-2000; project manager and PI with three other co-PIs; $800K 
    2. MN Pollution Control Agency, Effectiveness and impacts of chemical treatment of stormwater 
inputs to lakes for phosphorus control, 1997-2000; $125K 
    3. U.S. EPA/NOAA. Effects of nutrient source reductions in the Mississippi-Atchafalaya Basin on 
water quality conditions in these waters and on hypoxia in the Gulf of Mexico, 1997-99; one of two co-
PIs; $99K 
    4. Metropolitan Council, Development of GIS and satellite imagery tools for regional water quality 
assessment, 1998-2000, $100K; PI with two co-investigators 
    5. Sea Grant. Role of nitrate-induced photolysis of natural organic matter and organic contaminants in 
Lake Superior, 1998-2001, $160K 
    6. U.S. Geological Survey, WRRI Regional grant program. Role of NOM and humic substance in the 
chemical binding and photochemical reactivity of mercury and methylmercury, 1998-2000, co-PI; $55K 
    7. MN Pollution Control Agency. Bioavailability of phosphorus in soils of the Minnesota River Basin, 
1998-99; one of two co-PIs; $20K 
    8.MN Pollution Control Agency. Effects of alum treatment on phosphorus availability to macrophyte 
communities in urban lakes, 1999-2002; co-PI; $75K 
    9. NASA. Regional center for application of satellite imagery to natural resources and environmental 
research, 1999-2002; co-investigator; $900K 
  10. NSF. Coupled biogeochemical cycles of carbon, nitrogen, phosphorus, water and salts in urban and 
agricultural systems; PI with four co-PIs, $99K, 2001-2 
  11. MN DNR. Advanced applications of satellite imagery for lake quality assessments, one of two co-
PIs; $99K, 2001-3 
  12. NSF. CLEANER workshop planning grant; $45K, 2002 
  13. NSF. FAME Symposium; $80K, 2003 
 
 PUBLICATIONS 
    BOOKS 
Brezonik, P. L. and W. A. Arnold. 2011. Water Chemistry: An Introduction to the Chemistry of Natural 
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and Engineered Aquatic Systems, Oxford University Press, New York, 782 p. 
Brezonik. P. L. and W. A. Arnold. 2022. Water Chemistry, 2nd Ed.: Exploring the Chemical Processes 

and Composition of Natural and Engineered Aquatic Systems, Oxford University Press, New York, in 
production. 

Brezonik, P. L. (chair) 1996. Protecting Freshwater Ecosystems: Revitalizing Education in Limnology. 
National Academy Press, Washington, D.C., 450 p. 

Brezonik, P. L. 1994. Chemical Kinetics and Process Dynamics in Aquatic Systems. Lewis Publ.-CRC 
Press, Boca Raton, FL, 754 p. 

 
    MONOGRAPHS and JOURNAL ISSUES EDITED  
Brezonik, P.L. and J.L. Fox (Eds.), 1975. Water Quality Management Through Biological Control. Proc. 

Symp. co-sponsored by U.S. EPA and Univ. Florida, Publ. 07-75-01, Dept. Environ. Eng. Sci., Univ. 
of Florida, Gainesville, 164 p. 

Brezonik, P.L. (chair). 1978. Nitrates in the Environment. Panel Report for the National Research 
Council, Washington, D.C. 

Brezonik, P.L. and J.E. Perry (Eds.). 1989. Minnesota's Water Resources. A special issue devoted to the 
status of water research and water management concerns in Minnesota. J. Minnesota Acad. of Sci. 55: 
(No. 1), 160 p. 

Brezonik, P.L. (Ed.) 1992. Issues of Human Diversity in Water Resources, Water Resources Update, 
Issue No. 89,  

Brezonik, P.L. and D.H. Moreau (Eds.) 1994. The Clean Water Act Revisited. Water Resources Update, 
Issue No. 94, 90 p. 

Brezonik, P.L. (Ed.) 1996. Prospects for Limnology in its Second Century. Water Resources Update, 
Issue No. 99, ~45 p. 

 
   JOURNAL ARTICLES 

Germolus, N., P. L. Brezonik, R. M. Hozalski, and J. C. Finlay. 2021. Long-term water color and flow trends 
in the Mississippi River headwaters, 1944-2010. Limnol. Oceanogr. 66: 3552-3567. 

Olmanson, L. G., B. P. Page, J. C. Finlay, P. L. Brezonik, M. E. Bauer, C. G. Griffin, and R. M. Hozalski. 
2020. Regional measurements and spatial/temporal analysis of CDOM in 10,000+ optically variable 
Minnesota Lakes using Landsat 8 imagery. Sci. Tot. Environ. 724: 138141. 

Chen, Y., R. M. Hozalski, L. G. Olmanson, C. G. Griffin, J. C. Finlay, P. L. Brezonik, and W. A. Arnold. 
2020. Prediction of photochemically produced reactive intermediates in surface waters via satellite remote 
sensing. Environ. Sci. Technol. 54: 6671–6681. 

Chen, Y., W. A. Arnold, C. G. Griffin, L. G. Olmanson, P. L. Brezonik, and R. M. Hozalski. 2019. 
Assessment of the chlorine demand and disinfection byproduct formation potential of surface waters via 
satellite remote sensing. Wat. Res. 165: 15001. 

Brezonik, P. L., J. C. Finlay, C. G. Griffin, W. A. Arnold, E. H. Boardman, N. Germolus, R. M. Hozalski, and 
L. G. Olmanson. 2019. Iron influence on dissolved color in lakes of the Upper Great Lakes States. PLoS 
ONE 14(2): e0211979. https://doi.org/10.1371/journal.pone.0211979. 
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