
1.a. Program Description – A Brief Overview 
of the Ohio Tributary Monitoring Program

The tributary monitoring  program operated by the 
Heidelberg College Water Quality Laboratory (WQL) is 
the largest program of its type in the United States.   It 
supports nonpoint source pollution control programs 
within the Lake Erie Basin and Ohio.  Nonpoint sources 
currently dominate pollutant loading in the United States. 

Program Purpose: Quantifying 
Nonpoint Source Pollution

Tributary loading programs are designed to 
measure how many tons of various kinds of 
pollutants move from watersheds through rivers 
to receiving waters, such as Lake Erie or the 
Ohio River.  This program was launched in the 
mid-1970s to measure the total amounts of 
phosphorus entering Lake Erie from Ohio 
watersheds.

Within watersheds, pollutants are derived from 
two types of sources -- point sources, such as 
municipal and industrial discharges, and 
nonpoint sources, such as runoff from 
agricultural and urban landscapes.  Point source 
dischargers are required to report the tons of 
pollutants that they discharge to streams and 
rivers.

Pollutants derived from nonpoint sources are 
quantified by measuring the total pollutant export 
from the watershed and subtracting the upstream 
point source inputs.  For example, if the total 
export of phosphorus from a watershed in a 
particular year was 100 tons, and upstream point 
sources contributed 20 tons, then various 
nonpoint sources would have contributed 80 tons 
of phosphorus.
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The WQL’s tributary loading program provided major data 
inputs into the determination of an accurate phosphorus 
mass balance for Lake Erie.  The mass balance led to the 
development of agricultural phosphorus reduction 
programs throughout the Lake Erie Basin.
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Sampling Program Design

Calculation of pollutant export from watersheds 
requires information on both streamflow and 
pollutant concentrations. Thus, sampling 
stations are typically located at or near U.S. 
Geological Survey stream gaging stations.  

Since most pollutant export occurs during 
storm runoff events, and, during runoff events, 
pollutant concentrations change rapidly, 
frequent sampling is required for accurate 
loading calculations.  We use refrigerated 
automatic samplers that collect three samples 
per day at most of our sampling stations.  
Samples are returned weekly to our analytical 
laboratories.  During storm runoff events, three 
samples per day are analyzed while during 
non-runoff periods, one sample per day is 
analyzed.

Analytical Program

Initially, the tributary monitoring program focused on 
nutrient and sediment transport in rivers.  In the early 
1980s, herbicide monitoring was added to the 
analytical program. The current analytical program 
covers the following major pollutants:

Suspended solids
Total phosphorus
Soluble reactive phosphorus
Nitrate+ nitrite nitrogen
Ammonia-nitrogen
Total Kjeldahl Nitrogen
Chloride
Conductivity 
Sulfate
Silica
Fluoride
major herbicides, selected metals
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Uses of the Data from the Ohio Tributary Monitoring Program

Planning Nonpoint Control Programs
Provided data for the Lake Erie phosphorus control programs -- 1980a/90s.
Provided data for the Lake Erie sediment control programs --1990s/2000s.
Data used for Total Maximum Daily Load Plans for the Cuyahoga and Sandusky basins.

Public Education for Nonpoint Programs 
Provided data for public education programs to garner farmer support for phosphorus and 

sediment  reduction programs. 
Provided data for atrazine risk assessment in Ohio's public water supplies.
Supported an active environmental extension program, whereby WQL staff carried the results of 

their studies directly to the public.

Evaluating Program Effectiveness
Data used to document the effectiveness of agricultural phosphorus control programs.
Data used to track progress in nonpoint load reduction programs for Lake Erie (See State of 

the Lake Report, 2004, Lake Erie Quality Index, Ohio Lake Erie Commission).

Advancing Monitoring Science
Data used to develop, calibrate and evaluate nonpoint pollution models.
Data used to design more efficient monitoring programs for nutrients and pesticides.
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Publications of WQL Staff Based on The Ohio Tributary Monitoring Program: 

Nutrient and Sediment Data
Journal Articles
Richards, R.P. 2004. Improving Total Maximum Daily Loads with lessons 

learned from long-term detailed monitoring. Journal of Environmental 
Engineering 130: 657-663

Richards, R.P. and G. L. Grabow. 2003. Detecting reductions in 
sediment loads associated with Ohio's Conservation Reserve 
Enhancement Program. Journal of the American Water Resources 
Association 39(5):1261-1268.

Krieger, K. A. 2003. Effectiveness of a coastal wetland in reducing 
pollution of a Laurentian Great Lake: hydrology, sediment, and 
nutrients. Wetlands 23:778-791.

Haggard, B.E., T.S. Soerens, W.R. Green and R.P. Richards. 2003. 
Estimating stream phosphorus loads using regression methods at the 
Illinois River, Arkansas. Applied Engineering in Agriculture 19: 187-
194.

Loftus, Timothy T. and Steven E. Kraft. 2003. Enrolling conservation 
buffers in the CRP. Land Use Policy 20: 73-84.

Baker, D.B. and R.P. Richards. 2002. Relationships between changing 
phosphorus budgets and riverine phosphorus export in northwestern 
Ohio watersheds. Journal of Environmental Quality 31: 96-108.

Richards, R.P. and D.B. Baker. 2002. Trends in water quality in LEASEQ 
rivers and streams, 1975-1995. Journal of Environmental Quality 31: 
90-96.

Richards, R.P., D.B. Baker, and D.J. Eckert. 2002. Trends in agriculture 
in the LEASEQ watersheds, 1975-1995. Journal of Environmental 
Quality 31: 17-24.

Richards, R.P., F.G. Calhoun, and G. Matisoff. 2002. The Lake Erie 
Agricultural Systems for Environmental Quality project: An 
introduction. Journal of Environmental Quality 31: 6-16.

Richards, R.P., D.B. Baker, J.W. Kramer, D.E. Ewing, B.J. Merryfield, 
and N.L. Miller. 2001. Storm discharge, loads, and average 
concentrations in northwest Ohio rivers, 1975-1995. Journal of the 
American Water Resources Association 37: 423-438.

Forster, D. Lynn, R. Peter Richards, David B. Baker, and E. N. Blue. 
2000. Relating water quality to farming practices: A case study from 
the Lake Erie basin. Journal of Soil and Water Conservation, 55: 85-
90.

Gowda, P.H., A.D. Ward, D.A. White, D.B. Baker, and J.G. Lyon. 
1999. Using field scale models to predict peak flows on 
agricultural watersheds. J. Am. Water Resources Assoc. 35: 
1223-1244.

Baker, David B. 1993. The Lake Erie Agroecosystem Program: 
Water Quality Assessments. Agriculture, Ecosystems and 
Environment 46:197-215.

Richards, R. Peter and David B. Baker. 1993. Trends in nutrient 
and sediment concentrations in Lake Erie 
tributaries, 1975-1990. J. of Great Lakes Research 19:200-
211. 

Richards, R. Peter. 1990. Measures of flow variability and a new
flow-based classification of Great Lakes tributaries. Journal of 
Great Lakes Research 16:53-70. 

Baker, David B. 1989. Environmental extension: a key to 
nonpoint-source pollution abatement. J. Soil and Water 
Conservation 44: 8.

Richards, R. Peter. 1989. Evaluation of some approaches to 
estimating non-point pollutant loads for unmonitored areas. 
Water Resource Bulletin. 25:891-904. 

Richards, R. Peter. 1989. Evaluation of some approaches to 
estimating non-point pollutant loads for unmonitored areas. 
Water Resource Bulletin. 25:891-904. 

Richards, R. Peter and Jim Holloway. 1987. Monte Carlo studies 
of sampling strategies for estimating tributary loads. Water 
Resources Research 23:1939-1948.

Baker, David B.  1985.  Regional water quality impacts of 
intensive row- crop agriculture:  A Lake Erie Basin case study.  
Journal of Soil  Water Conservation, Vol. 40, No. 1, Jan-Feb 
1985.  pp. 125-132.

Verhoff, F. H. and David B. Baker.  1981.  Moment Methods for 
Analyzing River Models with Application to Point Source 
Phosphorus.  Water Research, Vol. 15, pp. 493 to 501, 1981.
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Published Proceedings

Richards, R. Peter. 2002. What do we know about the nonpoint "L" in 
TMDLs? In Racevskis, L., S. Batie, and M. Schulz, eds., Making 
TMDLs work in rural watersheds: A report on a workshop 
sponsored by the U.S. Environmental Protection Agency, The 
Ohio State University, and Michigan State University, April 26 and 
27, 2001. Michigan State University, East Lansing, MI. pp. 8-11.

Richards, R.P., D.B. Baker, and D.J. Eckert. 2001. Improved 
agricultural management and water quality in the Lake Erie 
watershed. In Coastal Zone 01. Proceedings of the 12th Biennial 
Coastal Zone Conference, Cleveland, OH, July 15-19, 2001. 
NOAA/CSC/20120-CD (CD-ROM)

Baker, David B. 2000. Agricultural phosphorus reductions in the 
Lake Erie basin: A success story. Extended abstract, pp. 127-128 
in Proceedings, Third National Workshop on Constructed 
Wetlands/BMPs for Nutrient Reduction and Coastal Water 
Protection, New Orleans, LA. NCSU, Raleigh, NC

Richards, R. Peter and David B. Baker. 2000. Water quality trends in 
the LEASEQ watersheds, 1975-1995: What, how much, and 
why? Extended abstract, pp. 88-91 in Proceedings, Third National 
Workshop on Constructed Wetlands/BMPs for Nutrient Reduction 
and Coastal Water Protection, New Orleans, LA. NCSU, Raleigh, 
NC.

Richards, R. Peter and David B. Baker. 1997. Twenty years of 
change: The Lake Erie Agricultural Systems for Environmental 
Quality (LEASEQ) Project. In Procedings: 
National Watershed Water Quality Project Symposium, 
EPA/625/R-97/008.

Baker, David B., Kenneth A. Krieger, R. Peter Richards, and Jack W. 
Kramer. 1985.  Gross erosion rates, sediment yields and nutrient
yields for Lake Erie tributaries:  Implications for targeting.  
Proceedings of Perspectives on Nonpoint Source Pollution, A 
National Conference, May 19-22, 1985, Kansas City, Missouri.  
U.S. EPA 440/5-85-001.

Baker, David B., Kenneth A. Krieger, R. Peter Richards, and Jack W. 
Kramer. 1985.  Effects of intensive agricultural land use on 
regional water quality in northwestern Ohio.  Proceedings of 
Perspectives on Nonpoint Source  Pollution,  A National 
Conference, May 19-22, 1985, Kansas City, Missouri.  U.S. EPA  
440/5/85-001.

Book Chapters
Baker, David B. and R. Peter Richards. 2000. Effects of watershed 

scale on agrichemical concentration patterns in midwestern
streams. In Steinheimer, T.R., Ross, L.J., and Spittler, T.D., eds, 
Agrochemical Fate and Movement: Perspective and Scale of Study
ACS Symposium Series 751: pp. 46-64.

Baker, David B. 1996. Nutrients and Nutrient Management: A Lake 
Erie Basin Case Study. In: An Agricultural Profile of the Great Lakes 
Basin: Characteristics and Trends in Production, Land-use and 
Environmental Impacts. Great Lakes Commission, Ann Arbor 
Michigan. pp. 125-143.

Baker, David B. 1988. Farm chemicals in surface waters. In: Water 
quality: A realistic perspective. Ann Arbor, Univ. of Michigan. pp. 
219-233. 

Reports
Krieger, K.A. 2001. Effectiveness of a coastal wetland in reducing the 

movement of agricultural pollutants into Lake Erie. Ohio Sea Grant 
College Program Technical Bulletin Series Publication OSHU-TB-
056 (cross-listed as Tech. Rept. No. 15. Old Woman Creek National 
Estuarine Research Reserve, Huron, OH).

Richards, R.P. and D.B. Baker. 2000. Transport of Particulate 
Pollutants in Lake Erie Tributaries: The Role of Particle Size and 
Size-Specific Chemistry. Final Report for LEPF Grant 97-29 and 
Sea Grant Project R/PS-21. Toledo, Ohio. 14 pages.

Baker, D.B. 1998. Relationships between Livestock Production and 
Ambient Water Quality in the Sandusky Basin. Final Grant Report 
submitted to Ohio Department of Natural Resources, Division of Soil 
and Water Conservation.58 pp.

Richards, R.P. 1998. Estimation of pollutant loads in rivers and 
streams: A guidance document for NPS programs. Project report 
prepared under Grant X998397-01-0, U.S. Environmental Protection 
Agency, Region VIII, Denver. 108 p. 

Baker, D. B. 1994. Long-Term Water Quality Monitoring in the Lost 
Creek Watershed: A Data Synthesis. Water 
Quality Laboratory, Heidelberg College, Tiffin, OH 44883. 97 pp.

Krieger, Kenneth A. 1993. A method for estimating materials fluxes 
from coastal wetlands into the Great Lakes, with an example from
Lake Erie. Ohio Sea Grant Technical Bulletin OHSU-TB-025-93, 
Ohio State Univ., Columbus, Ohio. 27 pp. 
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Reports, continued

Baker, David B. 1988. Sediment, nutrient and pesticide transport  in
selected lower Great Lakes tributaries. EPA-905/4-88-001. 225 p. 

Baker, David B. 1988. The Lost Creek Project, Defiance, Ohio: 
interim water quality data report. Submitted to U.S. Dept. of 
Agriculture, Columbus, Ohio. 63 p. 

Richards, R. Peter. 1988. Flow variability indices. Report to Water 
Quality Board, International Joint Commission. 

Richards, R. Peter. 1988. Loading Calculations. Report to Water 
Quality Board, International Joint Commission. 

Richards, R. Peter. 1988. Sampling strategies for load estimation. 
Report to Water Quality Board, International Joint Commission. 

Baker, David B.  1980.  Upstream point source phosphorus inputs 
and effects.  Seminar on Water Quality Management Trade-Offs.  
U.S. Environmental Protection Agency, Region V, Chicago, 
Illinois, September 1980.  (EPA-905/9-80-009)

Baker, David B. and J. W. Kramer.  1975.  Effects of advanced 
waste treatment and flow augmentation on water quality during 
low stream flows.  The Sandusky River Basin Symposium, 
Proceedings.  International Reference Group on Great Lakes 
Pollution from Land Use Activities.  International Joint 
Commission, Windsor, Ontario

Baker, David B. and J. W. Kramer.  1975.  Distribution of nonpoint 
sources of phosphorus and sediment in the Sandusky River 
Basin.  The Sandusky River Basin Symposium, Proceedings.  
International Reference Group on Great Lakes Pollution from 
Land Use Activities.  International Joint Commission, Windsor, 
Ontario.

Baker, David B.  and Jack W. Kramer.  1973.  Phosphorus sources 
and transport in an agricultural river basin of Lake Erie.  
International Association Great Lakes Res., Proc., 16th Conf.  
Great Lakes Res. 1973: 858-871.

Baker, David B. and Jack W. Kramer.  1971.  Water Quality Control 
Through Flow Augmentation.  Water Pollution Control Research 
Series  (16080 DFO 01/71).  U.S. Environmental Protection 
Agency.

For a more complete list of publications by WQL 
staff, including papers and reports related to our 
pesticide monitoring program and our private well 
testing program, see: 

http://www.heidelberg.edu/wql/publish.html.
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