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Water-Resources-Related Information for the 
Milwaukee Metropolitan Sewerage District Planning 
Area, Wisconsin, 1970-2002

By Morgan A. Schneider, Michelle A. Lutz, and Others

Abstract

The Milwaukee Metropolitan Sewerage District 
(MMSD) Corridor Study is a three-phase project designed to 
improve the understanding of water resources in the stream 
corridors of the MMSD planning area by initially compiling 
existing data and using the compiled information to develop 
3-year baseline and long-term monitoring plans. This report 
is one of the products of Phase I of the Corridor Study.

A literature review of surface-water-quality, surface- 
water-quantity, and ecology studies conducted from 1970 
through 2001 was completed and is summarized in this 
report. An inventory of Geographic Information System spa 
tial coverages available for the MMSD planning area has 
been assembled.

A database of water, sediment, and tissue (fish, shell 
fish, and others) chemistry, macroinvertebrates, fish, algae, 
habitat, geomorphic, and other physical and ecological data 
was compiled from data sets from MMSD, U.S. Geological 
Survey, Wisconsin Department of Natural Resources, and 
the U.S. Environmental Protection Agency. More than 2.7 
million results are available in the MMSD Corridor Study 
database and the compilation of multiple datasets allows for 
retrieving data from a central database rather than from each 
of the source datasets. Data for 1970 through 2002 were col 
lected for the 420-square-mile planning area by various 
agencies using different field data-collection and laboratory- 
analysis methods. Chemical constituents and ecological 
components that are important to an urban setting and well 
represented in the database were selected for further investi 
gation. Each constituent or component is described in this 
report with some or all of the following: a text summary, 
map of sampling locations, and in some cases median con 
centrations, statistical distributions of concentrations by sub- 
watershed, table of summary statistics by subwatershed, and 
graphs of temporal and (or) seasonal trends.

Physical data presented in the report include stream- 
flow, stream stage, and precipitation data. Chemical indica 
tors of water quality presented in the report include field 
measurements and miscellaneous constituents (pH, alkalin 
ity, specific conductance, hardness, dissolved oxygen, bio

chemical oxygen demand, and chloride), sediment (total sus 
pended solids and suspended sediment), nutrients (total 
nitrogen, nitrate, Kjeldahl nitrogen, total phosphorus, and 
dissolved phosphorus), trace elements (cadmium, mercury, 
copper, lead, arsenic, chromium, nickel, and zinc), pesticides 
(historically used pesticides and pesticides still in use), and 
polychlorinated biphenyls. Ecological indicators of water 
quality discussed in the report include community surveys of 
macroinvertebrates and fish, chlorophyll a concentrations, 
habitat assessments and channel-measurement data, and 
fecal coliform and E. coli bacterial counts.

In addition to the compilation of the database, a major 
purpose of this investigation was to identify additional sam 
pling that should be conducted under the baseline monitoring 
phase, which will be the second phase of the Corridor Study. 
Additional sampling may include:

• Some subwatersheds, such as those in the 
headwaters.

• Emerging contaminants such as pharmaceuticals 
and personal care products (PPCPs), human 
hormones, organic wastewater contaminants, and 
other constituents that result from human activity.

• E. coli, which can serve as an indicator of health risk 
to swimmers and other recreationl water users.

• Pesticides in all media.

• PCBs.

• Trace elements in water, bed sediment, and tissues 
(fish, shellfish, and others).

• Samples during winter months or during early 
snowmelt episodes to address constituents such as 
chloride and some nutrients that have seasonal vari 
ability and that may be affected by factors such as 
road deicing during the winter.

• Samples for macroinvertebrate and fish-community 
data and habitat assessments.

• Physical data such as stream-channel cross-section 
profiles, bridge-scour assessments, flood-plain 
maps, structures, and shoreline conditions.



2 Water-Resources-Related Information for the Milwaukee Metropolitan Sewerage District Planning Area, Wisconsin

Introduction

Stream-water quality and the ecological health of urban 
stream corridors are complex issues that drive research, reg 
ulation, and use of rivers and streams. Personnel from agen 
cies and universities involved in such pursuits in the south 
eastern Wisconsin area have worked cooperatively to assess 
the recent history of urban streams and to use that knowledge 
to evaluate future stream-improvement projects to determine 
their likely success before implementation, thus allowing 
projects with greatest potential to receive priority. With the 
expertise of those from the planning, regulatory, and nonreg- 
ulatory fields, as well as academicians and engineers, the 
Milwaukee Metropolitan Sewerage District (MMSD) Corri 
dor Study has been approached from a broad-based perspec 
tive with the intention of promoting sound resource-based 
management decisions.

The MMSD Corridor Study is a collaborative project 
undertaken by MMSD, Wisconsin Department of Natural 
Resources (WDNR), Southeastern Wisconsin Regional 
Planning Commission (SEWRPC), U.S. Geological Survey 
(USGS), University of Wisconsin-Milwaukee, Marquette 
University, and Wisconsin Lutheran College. The primary 
purpose of the study is to ascertain the current state of water 
quality and ecological health in the stream "corridors" of the 
MMSD planning area (fig. 1) and provide knowledge and 
tools with which to assess the potential success of future 
projects.

A stream "corridor" is defined as the land within the 
greatest distance from the watercourse marked by:

• the SEWRPC primary or secondary environmental 
corridor boundary

• the 100-year regulatory floodplain boundary

• the edge of an adjoining wetland, or

• 75 feet from the watercourse channel or shoreline. 

The objectives of the MMSD Corridor Study are:

1. Evaluate historic results and forecast potential effects 
of planned MMSD projects. Select analytical tools and 
procedures to assess the outcome of past MMSD 
projects and develop an understanding from which to 
forecast the effects of potential future projects. Types 
of projects to be evaluated include, but are not limited 
to, historical and planned flood control projects that 
involve the modification of watercourse channels 
and/or their corridor by deepening, widening, or 
enclosing; the placement or removal of material or 
structures on the channel or its corridor; habitat 
enhancements; structure removal; land purchases for 
conservation purposes; and water pollution abatement 
projects.

2. Create a comprehensive inventory of corridor
conditions. Develop an improved understanding of the 
interrelationship of stream physiographic, hydrologic,

hydraulic, biologic, water quality, sediment quality, 
habitat, and land-use variables, and develop 
procedures to integrate these variables.

3. Establish a baseline assessment of existing 
watercourse and corridor conditions. Detect 
impairments for each reach.

4. Determine the existing and potential water-use 
objectives for watercourse reaches.

5. Follow-up on flood control, habitat, and water-quality 
improvement or protection projects to verify 
anticipated results, evaluate current technologies, and 
identify adjustments for future projects.

6. Provide long-term surveillance of stream and corridor 
conditions to monitor project results, track changes in 
impaired and unimpaired reaches, provide additional 
inventory information, and facilitate early detection of 
newly impaired reaches.

The study is divided into three phases. Phase I involved 
the development of a database to contain data collected in the 
MMSD planning area since 1970. The MMSD Corridor 
Study database contains data from MMSD, USGS, WDNR, 
and the U.S. Environmental Protection Agency (USEPA). 
Additional data sets, including some provided by local uni 
versities and volunteer groups, will likely continue to be 
incorporated into the database as the study progresses. The 
database is available for query to those within the cooperat 
ing agencies to assist in informal decision-making processes. 
Data in the database can be examined to provide insight into 
the success of past MMSD and other agency projects, and to 
assess future data needs.

Phase II involves a rigorous field effort to fill the data 
needs highlighted during the Phase I review. The baseline 
inventory will include assessments of surface-water chemis 
try, sediment chemistry, and ecological factors (fish, habitat, 
macroinvertebrates, algae, bacteria) at a number of sites in 
the MMSD planning area. Staff from multiple agencies will 
likely cooperatively collect the data. Data collected during 
the baseline monitoring effort will reveal more information 
regarding the state of the stream corridors not available from 
the database developed in Phase I and will assist water- 
resources managers in regulatory agencies in decision-mak 
ing.

Phase III will involve a long-term data collection effort 
at a subset of the baseline monitoring sites. The length of 
time over which sample collection will take place for the 
long-term monitoring effort has not been decided but may be 
indefinite. Long-term monitoring will document changes in 
the health of aquatic ecosystems in the stream corridors of 
the MMSD planning area.
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Purpose and Scope

This report summarizes the data in the MMSD Corridor 
Study database and other information developed in Phase I 
of the MMSD Corridor Study that began in January 2001 and 
ended in March 2003. The database was compiled from 
agencies maintaining electronically accessible data describ 
ing water, sediment, and tissue chemistry, macroinverte- 
brates, fish, algae, habitat, geomorphic, and other physical 
and ecological measurements. Data were assembled for 1970 
through 2002 for sites within the MMSD planning area. 
Also, 274 studies published from 1970 through 2001 and 
describing an aspect of water quality, water quantity, or ecol 
ogy from within the MMSD planning area were reviewed. 
Spatial data available from federal, state, and local agencies 
for the MMSD planning area were inventoried.

Physical, chemical, and ecological data from the data 
base are summarized in this report with some or all of the fol 
lowing: a text summary, map of sampling locations, and in 
some cases median concentrations, statistical distributions of 
concentrations by subwatershed, table of summary statistics 
by subwatershed, and graphs of temporal and (or) seasonal 
trends. Physical data presented in the report include stream- 
flow, stream stage, and precipitation data. Chemical indica 
tors of water quality presented in the report include field 
measurements and miscellaneous constituents (pH, alkalin 
ity, specific conductance, hardness, dissolved oxygen, bio 
chemical oxygen demand, and chloride), sediment (total sus 
pended solids and suspended sediment), nutrients (total 
nitrogen, nitrate, Kjeldahl nitrogen, total phosphorus, and 
dissolved phosphorus), trace elements (cadmium, mercury, 
copper, lead, arsenic, chromium, nickel, and zinc), pesticides 
(historically used pesticides and pesticides still in use), and 
polychlorinated biphenyls. Ecological indicators of water 
quality discussed in the report include community surveys of 
macroinvertebrates and fish, chlorophyll a concentrations, 
habitat assessments and channel-measurement data, and 
fecal coliform and E. coli bacterial counts.

Milwaukee Metropolitan Sewerage District 
Planning Area

Within the MMSD planning area, concentrations of 
various constituents in surface water, sediment, and tissues; 
the diversity and populations offish and macroinvertebrates; 
and the state of habitat and stream morphology may be influ 
enced by multiple factors. Selected physical features of the 
planning area that may influence the chemistry and ecology 
are described below.

Location and Surface-Water Features

The MMSD planning area (fig. 1) is a 420-mi2 area 
covering Milwaukee County and parts of Washington, Oza-

ukee, Waukesha, and Racine Counties. MMSD collects and 
analyzes wastewater from all Milwaukee County municipal 
ities (except South Milwaukee), as well as 10 communities 
in the surrounding 4 counties.

Seven major watersheds (fig. 2) and parts or all of 40 
subwatersheds (fig. 3) make up the planning area (Southeast 
ern Wisconsin Regional Planning Commission, 2002a; 
Southeastern Wisconsin Regional Planning Commission, 
2002b). The Milwaukee River watershed accounts for a little 
less than 25 percent of the total planning area. More than 85 
percent of the entire Milwaukee River watershed is outside 
of the planning area. The Menomonee River watershed 
makes up a little more than 30 percent of the planning area 
and is almost entirely within the planning area. The Upper 
Root River watershed accounts for 17 percent of the plan 
ning area; a little more than a third of the entire Root River 
watershed area is within the planning area. The Upper Fox 
River watershed makes up approximately 10 percent of the 
planning area and is the only part of the planning area that 
does not drain to Lake Michigan (it drains eventually to the 
Mississippi River). The Kinnickinnic and Oak Creek water 
sheds are completely within the planning area and constitute 
6 and 7 percent of the total planning area, respectively. The 
remaining 5 percent of the planning area drains directly to 
Lake Michigan.

Texture of Surficial Deposits

Surficial deposits in the MMSD planning area consist 
predominantly of clayey till, ground and end moraine 
(fig. 4). There are some areas of sandy loamy till in the 
northwest corner of the MMSD planning area and "outwash 
sand and gravel" and "lake clay and silt" in various parts of 
the planning area (Lineback and others, 1983).

Land Use/Land Cover and Population

The MMSD planning area is heavily urbanized in the 
center but largely agricultural in the northern and southern 
parts of the study area (fig. 5). Two-thirds of the planning 
area is urban land use, consisting of commercial, industrial, 
and other areas (17 percent); residential areas (26 percent); 
transportation infrastructure and rights-of-way (21 percent); 
and recreational areas (3 percent). Twenty percent of the 
planning area is agricultural. Another 3 percent of the plan 
ning area is forested. Wetlands make up 7 percent of the 
planning area, and another 2 percent is open water (general 
ized from Southeastern Regional Planning Commission, 
1995b).

The population (fig. 6) of the MMSD planning area is 
1,092,624, according to data from the 2000 census, for 
which a population density of 2,618 people per square mile 
was calculated (U.S. Bureau of the Census, 2001). In 1990, 
the planning-area population was slightly less than in 2000, 
at 1,090,046 people (U.S. Bureau of the Census, 1991).
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Compilation of Water-Resources- 
Related Information

A literature review was completed for surface-water 
(quality and quantity) and aquatic-biology studies in the 
major watersheds in the planning area. The studies compiled 
were those readily available from literature searches through 
university libraries and inquiries to local, State, and Federal 
agencies, and academic institutions. An effort was made to 
find documents from all relevant and available studies, 
although some sources likely were missed.

An inventory of spatial data for the planning area was 
assembled for regional, statewide, and national GIS (Geo 
graphic Information Systems) coverages that were relevant 
to the MMSD Corridor Study. Inquiries were made to local, 
State, and Federal agencies to compile a list of pertinent GIS 
information; however, spatial data covering only a small part 
of the MMSD planning area were not included. Additional 
GIS coverages are available from local units of government 
for parts of the MMSD planning area but this list includes 
primarily data for the entire MMSD planning area. Coupling 
sampling-site information as stored in the MMSD Corridor 
Study database with spatial data such as land use, point- 
source discharge locations, or census data can provide a 
more complete picture of the state of surface-water resources 
in the MMSD planning area than can the contents of the data 
base alone.

Surface-Water Studies

A total of 195 documents that describe the surface- 
water quality of the planning area were found, and a total of 
133 documents regarding surface-water quantity studies 
were located. Results of the surface-water quality and quan 
tity reviews are summarized as to spatial extent (local, 
regional, statewide) and major thrust of the study in tables 1 
and 2 (at back of report).

Each water-quality study document was reviewed to 
determine whether it contained information related to one or 
more of the following categories: lake or stream information, 
field measurements (pH, specific conductance, water tem 
perature, dissolved oxygen), major ions and (or) dissolved 
solids, nutrients, pesticides, dissolved and (or) total organic 
carbon, sediment, bacteria and (or) viruses, trace elements, 
volatile organic compounds (VOCs), polycyclic aromatic 
hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), 
dioxins, inorganic and organic contaminants, wastewater- 
treatment plants, urban issues, modeling, or other significant 
water-quality issues.

Of the surface-water quality documents reviewed in 
this report, 45 percent (87) were from studies completed 
since 1990 and the remainder were published between 1970 
and 1989. More studies had a local focus (126) than a state 
wide or regional scope (69). More than 70 percent (139) of

studies addressed stream issues, the remainder described 
lake or harbor conditions. Many study documents contained 
data or a discussion of analysis for field measurements (98 
studies), major ions or dissolved solids (89), nutrients (112), 
pesticides (29), dissolved or total organic carbon (13), sedi 
ment (85), bacteria or viruses (57), trace elements (73), or 
contaminants such as VOCs, PAHs, PCBs, dioxins, inor 
ganic or organic contaminants (57). Several documents ref 
erenced wastewater treatment with discussions on the Inline 
Storage System (Ab Razak, 1999), creation of a model to 
determine the effect of combined sewer overflows on dis 
solved oxygen (Kreutzberger and others, 1980), and plans 
for sanitary service to various communities in the Milwau 
kee area, including Oak Creek (Southeastern Wisconsin 
Regional Planning Commission, 1994). Studies addressing 
urban issues included topics such as the effect of aircraft and 
runway deicers from General Mitchell International Airport 
on biochemical oxygen demand and dissolved oxygen con 
centrations in Wilson Park Creek and the Kinnickinnic River 
(Corsi and others, 200la), the effects of spraying methoxy- 
chlor to control Dutch elm disease on stream-water quality in 
the Lincoln Creek watershed (Kleinert, 1971), and the con 
trol of nonpoint-source pollution in the Milwaukee River 
(Wisconsin Department of Natural Resources and others, 
1990b). Studies that involved models included a calibrated 
Lincoln Creek model designed to evaluate the effect of snow 
removal and deicing practices on the water quality of urban 
waters (Bartosova and Novotny, 1999); a model for the Mil 
waukee area designed to predict effects of industry on water 
quality (Stanley and Erickson, 1977); and a model created to 
estimate nonpoint-source pollution and its sources based on 
eight watersheds in Milwaukee County (Sung, 1983).

Each water-quantity study document was reviewed to 
determine whether it contained information related to one or 
more of the following categories: lake or stream information, 
streamflow or stream stage, extreme flows (floods or 
drought), hydrologic budget, erosion and (or) sedimentation, 
runoff calculations, modeling, precipitation and (or) climate, 
geomorphology, urban issues, or other significant water- 
quantity issues.

Slightly less than half of the surface-water-quantity 
study documents (57) had been published since 1990. Two- 
thirds (91) of the studies had a local focus, whereas the rest 
discussed surface-water quantity issues regionally or state 
wide. About 80 percent (106) of the documents referred to 
streams, and a few focused on the Milwaukee Harbor or 
lakes (primarily Little or Big Muskego Lakes). About 75 
study documents (56 percent) discussed streamflow, and 28 
documents (21 percent) referenced extreme high and (or) 
low flows. Slightly less than 25 percent of the documents 
(31) discussed erosion and sedimentation issues in surface 
water in the MMSD planning area, and another 25 percent 
(39) considered the geomorphology of streams. Urban issues 
such as stormwater pollution (Bannerman and others, 1983a; 
Bannerman and others, 1983b), the effects of urban develop 
ment on streams (Cherkauer 1975a, Cherkauer 1975b), and
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the effects of runoff from construction sites and erosion of 
streambanks in the Kinmckinnic River watershed (Taylor, 
1994) were examined. Modeling studies included an exami 
nation of the effects of removing the North Avenue Dam on 
the Milwaukee River (Hajda, 1993), the influence of ground 
water on the Menomonee River (Konrad and others, 1979), 
and the effect of snowmelt runoff in urban areas (Novotny, 
1986). Five documents by MMSD described plans for inter 
ceptor facilities in various communities around Milwaukee 
that would be used to convey sanitary waste to the sewage 
treatment plant. SEWRPC and the WDNR completed 
numerous studies describing flooding potential, water qual 
ity, and nonpoint-source pollution on watersheds in the 
MMSD planning area (15 SEWRPC studies and 11 WDNR 
studies).

Ecological Studies

A total of 136 study documents were found that relate 
to ecology in the planning area. Each document is summa 
rized in table 3 (at back of report) with regard to spatial 
extent (local, regional, statewide) and major thrust of the 
study.

Ecology study documents were reviewed to determine 
whether they contained information for any of the following 
categories: lake or stream information, fish, macroinverte- 
brates, algae and (or) macrophytes, amphibians and (or) rep 
tiles, birds, mussels, wildlife, toxic bioassays, endangered 
and (or) threatened species, tolerant or intolerant species, 
nonnative or invasive species, habitat, wetlands, human 
effects and (or) urban issues, community surveys, manage 
ment issues, water-quality interpretations based on ecology, 
biotic index scores, or other significant ecological issues.

The number of documents published before 1990 and 
since were evenly split. A slight majority of the studies (77) 
were of statewide or regional scope, whereas the remainder 
addressed local issues. Study documents described many 
sorts of organisms associated with the stream corridors, 
including fish (58), macroinvertebrates (35), algae and (or) 
macrophytes (29), amphibians and (or) reptiles (14), birds 
(16), mussels (3), and various wildlife (16). Twenty-five per 
cent of the documents (34) discussed habitat conditions, and 
another 10 percent (14) referred to wetlands. Sixteen docu 
ments presented biotic index scores or made interpretations 
of water quality based on ecology of the sampling site. Man 
agement issues covered included the effects of dredging Lit 
tle Muskego Lake (Druckenmiller, 1980), effects of removal 
of concrete lining in the Menomonee River, Southbranch 
Creek, and Lincoln Creek on habitat (Harza Engineering 
Company, 2001), methods used for controlling algae and 
macrophyte growth in the Milwaukee River and Little 
Muskego Lake (Lueschow, 1972), and an evaluation of the 
nonpoint-source pollution-abatement program on the Root 
River (Rice, 1992). A handful of documents discussed spe 
cies-related issues, including endangered or threatened spe

cies, nonnative species, and tolerant versus intolerant spe 
cies.

Geographic Information System Data Set 
Inventory

Spatial data such as land use, infrastructure, geology, 
and hydrography were located for the MMSD planning area. 
Selected GIS coverages available for the MMSD planning 
area that may affect surface-water resources are described in 
table 4 (at back of report).

Coverages available for the MMSD planning area 
include boundary data for counties, municipalities, and the 
MMSD planning area. Digital-elevation-model data at dif 
ferent scales describe the elevation of the land surface. Most 
soils data are part of a national layer; however, there is GIS 
information describing soil associations, permeability, and 
surficial deposits from data originally compiled for Wiscon 
sin. SEWRPC actively maintains coverages of watersheds, 
subwatersheds, and subbasins for southeastern Wisconsin. 
Coverages for various infrastructure like roads, railroads, 
dams, and sewers are available for the state or in greater 
detail in some cases for the southeastern Wisconsin area. 
Various land-use/land-cover data are available for different 
years and at different resolutions. Aerial photography for 
southeastern Wisconsin is available for approximately 
5-year intervals dating back to the 1960s.

Data Used in the Report

Water, sediment, tissue-chemistry, as well as physical 
and ecological assessment data available in electronic form 
were compiled as part of this study. Interpretation of histori 
cal data will provide a basis to design a baseline-monitoring 
network for Phase II of the Corridor Study. In fact, the pri 
mary reasons for the compilation of the data set for Phase I 
are to identify the trends and seasonal variations in water 
resources and to identify areas where data collection oppor 
tunities exist to more completely describe water resources in 
the planning area.

Spatial, Temporal, and Analytical Extent 
of Data

Data compiled for the Corridor Study were constrained 
with regard to time, space, and subject matter. The timespan 
of the compilation includes data collected from 1970 through 
2002. Spatially, the compilation is for the MMSD planning 
area (fig. 1); in particular, data was collected for the stream 
corridors, streams, and areas immediately adjacent to the 
stream. Water-quality data were included for rivers, canals, 
estuaries, lakes, storm sewers, facilities such as private 
industries and municipal wastewater treatment plants, and
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precipitation. Other than precipitation samples, 98 percent of 
the samples collected were from rivers, canals or estuaries. 
Slightly more than 1 percent of the samples were from lakes, 
and less than half a percent were from storm sewers and 
facilities. Data for Lake Michigan were not included in this 
study. The types of data collected include surface-water, sed 
iment, tissue-chemistry (including fish, shellfish, and oth 
ers), fish, habitat, macroinvertebrate, algal, bacterial, meteo 
rological, and streamflow data.

Legacy Data Sources

Data sets of water-resources-related information were 
compiled from many different legacy databases, which are 
defined as databases maintained separately by other agencies 
to store data they either collect themselves (MMSD, USGS) 
or compile from multiple other data-collection agencies 
(USEPA). The majority of data compiled into the MMSD 
Corridor Study database at the time of publication (2003) 
came from MMSD, USGS, USEPA, and WDNR. Major data 
sets included in the Corridor Study are described in table 5. 
Additional data from University and volunteer data sets were 
not incorporated; however, plans are to include as much rel 
evant and accessible data as possible in the future. Updates 
of ongoing data-collection efforts, such as described in 
table 5, will be incorporated in the Corridor Study database.

Design of Database-Management System

The MMSD Corridor Study database resides at the 
USGS District office in Middleton, Wis. on an Oracle plat 
form. The structure of the database is shown in figure 7. 
Water quality, ecology, and hydrology data are all stored 
within one database, allowing for query of various kinds of 
data from multiple different agencies from one location. The 
database is designed to allow for fast query response time. 
The central table, "Results," contains the most detailed infor 
mation such as a nitrate value. The tables attached to the 
"Results" table provide further descriptive information such 
as on what day the nitrate sample was collected ("Samples"), 
and the lab analysis method used to analyze the sample for 
nitrate ("Lab Analysis Methods"). Likewise, "Sites" 
describes the sampling location where trout were collected 
and "Taxonomy" describes the taxonomic code used by the 
WDNR to identify the fish. Where the information was eas 
ily accessible, sample-collection methods, laboratory-analy 
sis methods, and information describing the laboratory that 
performed the analysis were included with the data.

Limitations of Data and Their Implications for 
Data Analyses

Analysis of data within the MMSD database must be 
done with caution and an understanding of the limitations of

data compiled from different sources. Data compiled as part 
of this study were collected over more than 30 years, from 
sampling sites distributed over 400 mi2, by many agencies 
for various purposes using different field and laboratory 
methods. Data-collection and laboratory-analysis methods, 
the purpose for collecting a sample, and reporting limits 
were easily available for only part of the data. Many water- 
quality constituents were reported with multiple reporting 
limits for the same constituent. Some constituent concentra 
tions were reported as zero when the concentration deter 
mined from analysis was below a reporting limit. Labora 
tory-analysis methods have improved for many constituents, 
resulting in capability to determine concentrations at lower 
limits than was possible previously.

Challenges to combining data sets included varying 
definitions of sampling sites, minimal documentation of con 
stituents, insufficient laboratory-analysis method descrip 
tion, and lack of sampling-purpose information in an easily 
accessible format.

Information describing the locations of sampling sites 
varied among the data sets. Latitude and longitude were 
required for all sampling-site locations. A general site name 
was assigned to all sampling-site locations. Overlapping 
sites were given the same general name to allow for easier 
comparison of data at a location where multiple sites had 
been established by different agencies. Sites were deter 
mined to share a sample location through a visual examina 
tion of where a site plotted on a map (based on its latitude 
and longitude) and the name and location description given 
to the site.

Trying to compare data between data sets on the basis 
of a short constituent name or abbreviation required scrutiny 
by several professionals familiar with water, sediment, and 
tissue chemistry. Constituents within various data sets were 
combined on the basis of available information for constitu 
ents and methods. The properties and constituents described 
in this report including information regarding the original 
name, measurement units, and code from the legacy source 
database are listed in table 6.

Laboratory-analysis methods were not available for all 
data. Comparison of data between data sets should be taken 
on a relative basis because the method of analysis can influ 
ence results. Analysis methods from 30 years ago likely dif 
fered in some respects from those methods used currently. 
Methods used by one agency may also differ from those of 
other agencies. Reporting levels were available for some but 
not all data, and they changed for constituents within the 
same database source as well as among database sources. In 
addition, the type of reporting limit varied between method 
detection limits, minimum detection limits, laboratory 
reporting limits, etc.

The purpose for collecting a sample (sample purpose) 
was available for some data but not for most. Some samples 
may have been collected as part of a routine sampling sched 
ule that does not take into account the amount of discharge. 
Other samples may have been collected as part of an event-
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Water-quality data collected typically March through November (ice-out conditions) at sites 

throughout the MMSD planning area and in Lake Michigan (Lake Michigan data not 

included in the MMSD Corridor Study data base). 

Data include nutrients, field measurements, major ions, PCBs, PAHs, mercury, bacteria, and 

others. 

MMSD Water Quality data are available on the Great Lakes Water Institute Waterbase Web 

site and can be accessed at URL http://waterbase.2lwi.uwm.edu/mmsd.html

i
<N

Os
< — i

Os

OO

£. — 1

(N

O

D oo

I
S3

1
Q

S
S

Stream-elevation data collected hourly at four sites throughout the MMSD planning area. Precipitation-gage data collected at 5-minute intervals at four locations around the MMSD 

Planning area. 

Precipitation data are stored at hourly increments, cummulative over a day, in the Corridor 

Study data base.

MMSD cross-section and pebble/sieve count information for many sites in the Menomonee 
River watershed collected as part of the MMSD Menomonee River Sediment Transport 

Study (Inter-Fluve, 2001).

Water-quality data collected by the USGS as part of many different projects around the 

country. 

Data include field measurements, major ions, nutrients, pesticides, organics, fecal coliform, 

and many others. 

Water-aualitv data can be accessed from the NWISWeb site at URL http://wi.water-
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Streamflow data collected at 1 5-minute intervals at many sites around the country (stored 

only as daily mean values in the MMSD Corridor Study data base). 

Streamflow data can be accessed from the NWISWeb site at URL http://wi.water-
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Water-quality data base compiled by USEPA from data collected by many different agencies 

(mainly the WDNR in the Milwaukee area). The legacy data base contains data up to 

1/1/1999, when a new version of the STORET data base was released. 

Data include field measurements, nutrients, major ions, organics, pesticides, and others. 

STORET Leaacv data can be accessed at the URL http://www.epa.gov/storpubl/legacv/gate- 

wav.htm
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driven program, either for high or low flows. Some samples 
may have been collected as part of a monitoring program, 
whereas others may have been targeted to sample in an area 
known to be contaminated.

Screening of Data

Some data for many chemical constituents were 
reported as less than a "reporting limit," which could have 
been a method detection limit, minimum detection limit, lab 
oratory reporting limit, etc. Often, multiple reporting limits 
were reported for each constituent. Reporting limits are indi 
cated in the summary statistics tables and statistical distribu 
tion figures. In addition, the number of results with concen 
trations below a reporting limit are indicated in the 
summary-statistics tables.

Data with concentrations reported as "less than" were 
evaluated according to the following rules when creating the 
summary-statistics tables, statistical-distribution figures, 
maps of locations of constituent sampling and median con 
centrations, and graphs of seasonally and trends:

1. Where a remark flag indicated the actual concentration 
was less than the reported concentration, concentra 
tions were set to half the original concentration or half 
the reporting-limit concentration where the original 
concentration was reported as zero. Concentrations 
reported as zero without a reporting limit were left as 
zero. These concentrations were then used in the calcu 
lation of all summary statistics and in generation of sta 
tistical-distribution figures.

2. In graphing statistical-distribution data on a log scale, 
concentrations of zero were set to the next lowest 
concentration of 1x1 Ox. For example, if a 
concentration of total phosphorus was reported as zero 
because the actual concentration was below the 
reporting limit and the minimum concentration above 
zero was 0.02, the concentrations of zero would be set 
to 0.01 for use in the statistical-distribution figures 
because plotting concentrations of zero is not allowed 
on a log scale.

3. Concentrations and other measurements were rounded. 
The number of decimal places to which they have 
been rounded is indicated in the headnote of each 
summary-statistics table. Some data sets indicated 
values with significant figures, others did not. For the 
purposes of this report, the decision was made to 
report rounded values to a certain decimal place rather 
than to a specific number of significant figures.

When comparing similar constituents from different 
legacy sources, concentrations with different units were con 
verted to like units (table 6). This included changes such as 
converting milligrams per liter to micrograms per liter and 
converting milligrams per liter as NO3 to milligrams per liter 
asN.

Outliers for specific conductance (concentrations less 
than 20 fiS/cm) and pH (concentrations less than 4.0 stan 
dard units) were not considered when creating the summary 
statistics tables, statistical-distribution figures, maps, or 
graphs.

Most concentrations for total nitrogen are sums of vari 
ous reported nitrogen species because few legacy data sets 
included much data as total nitrogen. In cases where concen 
trations for total nitrogen and many other nitrogen species 
were available for the same sample, the total nitrogen value 
was taken. Otherwise, total nitrogen was calculated either as 
the sum of dissolved nitrate and dissolved Kjeldahl nitrogen 
or the sum of dissolved nitrate and total organic nitrogen and 
dissolved ammonia. A brief comparison of actual and calcu 
lated total nitrogen concentrations (for samples with total as 
well as nitrogen-species data) showed considerable similar 
ity.

In some cases, there was more than one dissolved 
nitrate species from which to choose. The species of nitrate 
chosen was according to the following order of precedence: 
dissolved nitrite plus nitrate as N, total nitrite plus nitrate as 
N, dissolved nitrate as N, dissolved nitrate as NO3 (con 
verted to "as N" for calculations), total nitrate as N, and total 
nitrate as NO3 (converted to "as N" for calculations). Nitrite 
concentrations are typically very low in comparison to 
nitrate, so nitrite plus nitrate concentrations were considered 
to be comparable to nitrate concentrations. There may also 
have been more than one type of dissolved ammonia from 
which to choose. The species of ammonia chosen was 
according to the following order of precedence: dissolved 
ammonia as N, dissolved ammonia as NH4 (converted to "as 
N" for calculations), total ammonia as N, total ammonia as 
NH4 (converted to "as N" for calculations).

Where one of the nitrogen species involved in the total 
nitrogen calculation was reported as below a reporting limit, 
the concentration was halved according to the rules dis 
cussed previously; however, which particular nitrogen spe 
cies was below a reporting limit is not noted in this report 
because of the complexity of the calculation process.
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Evaluation of Historical Data

The water properties and constituents discussed in the 
following sections were selected because of their relevance 
to the study, spatial and temporal distribution of samples, 
and sufficiency of data for interpretation, either spatially or 
temporally.

Descriptions of data for each property and constituent 
in this report generally include a text description, a map 
showing the location of sampling sites, and some further 
information describing the data (median concentrations, 
counts of samples collected at a site). Also included are sum 
mary statistics tables, statistical distribution figures for most 
constituents, and, in some cases, graphs showing seasonality 
and (or) trends.

Guidelines used by the USEPA, WDNR, and Canada 
for drinking water and (or) for the protection of aquatic life 
where available are discussed for each property or constitu 
ent. Water from rivers is not used as drinking water in the 
Milwaukee area, which gets most of its drinking water from 
Lake Michigan; however, drinking-water guidelines are 
used for a relative comparison to concentrations because of 
a lack of other established criteria. The guidelines referenced 
in this report are summarized in table 7. Where guideline 
concentrations were near or within the range of concentra 
tions measured for a property or constituent, the guideline 
concentration is indicated in the statistical distribution fig 
ure, and sites with median concentrations that exceeded the 
lowest guideline concentration are indicated on the maps.

All surface-water, sediment, and tissue-chemistry con 
stituents were analyzed for seasonality and trends by exam 
ining data from five sites (fig. 8). The five sites were Kin- 
nickinnic River at 1st Street, Lincoln Creek at 47th Street, 
Menomonee River at 70th Street, Milwaukee River at Wells 
Street, and Oak Creek at Ryan Road. These sites were cho 
sen because they had a relatively large amount of data for 
many constituents and were well distributed over several 
watersheds in the MMSD planning area. In a few cases, suf 
ficient data were not available for the five sites. In some 
cases, data for other sites were examined for trends but data 
for most sites were insufficient for trend analysis. Graphs for 
seasonality and (or) trends are included only where statisti 
cally significant seasonality or trends were detected.

Maps generally include sampling-site locations and, 
where appropriate, median concentrations and the number of 
samples collected from 1970 through 2002. Median concen 
trations are depicted at the sampling-site locations by means 
of color schemes that group the overall median concentra 
tions by quartile ranges. Subwatersheds with data for a con 
stituent are also shaded to indicate overall median concentra 
tion for the subwatershed based on the same quartile ranges 
as the sampling site. Some maps indicate the number of sam 
ples collected by the size of the site-location symbol (catego 
ries are listed in the map explanation and generally include 1 
to 10 samples, 11 to 100 samples, and more than 100 sam

ples). The number of sites in a subwatershed and the total 
number of samples collected for those sites give readers a 
way to visually determine the credibility of assigning a 
median concentration to a subwatershed. The ranges of 
median concentrations at sampling sites are generally larger 
than the median concentrations for sub watersheds; therefore, 
the same range of colors shown for sampling sites may not 
be shown for subwatersheds. Subwatersheds that do not have 
any shading are those where no data were collected in the 
subwatershed for that constituent. In places where sampling 
locations on the main map are numerous and appear very 
close together, an additional blown-up area near downtown 
Milwaukee is shown to allow readers to more easily deter 
mine the locations of and median concentrations at those 
sampling sites.

Summary statistics listed for each property and constit 
uent include counts of samples collected, earliest and latest 
sample dates, reporting-limit concentrations, and minimum, 
maximum, mean, and percentiles. In cases where many con 
centrations were below a reporting limit and reporting limits 
were numerous, statistical-distribution figures were not 
drawn and some summary statistics were left out of the table. 
Subwatersheds in which all or more than half of the samples 
had concentrations below a reporting limit are described in 
the text for each constituent.

Because of constraints on the size of this report, maps 
illustrating concentrations and sampling sites by time period 
were not included. Additional figures were included to show 
locations of sites that have been measured or sampled since 
1998 and may be part of a current monitoring program (espe 
cially for water chemistry, streamflow, stream stage, and 
precipitation).

Streamgages where streamflow and stage data were 
collected and meteorological stations where precipitation 
data were collected since 1998 were relatively well distrib 
uted over the MMSD planning area (fig. 9). The upper 
reaches of the Menomonee River watershed, middle reaches 
of the Lower Milwaukee River subwatershed, and parts of 
the Root River and Oak Creek watersheds were not as well 
covered by streamgages as other parts of the planning area 
are (fig. 9). Typically the smaller subwatersheds in the head 
waters of major rivers have not been gaged (fig. 9). Precipi 
tation gages have been clustered toward the central part of 
the planning area (fig. 9).

Inorganic, nutrient, and physical field-measurement 
data collected since 1998 have been fairly extensive 
(fig. 10). Nevertheless, some of the smaller subwatersheds in 
the headwaters of major streams like the Nor-X-Way Chan 
nel, Underwood Creek, Whitnall Park Creeks, and North 
Branch Oak Creek had not been sampled since 1998 for inor 
ganic constituents, nutrients, or physical properties (fig. 10). 
In some other subwatersheds, including the Little Menom 
onee River and Middle Root River, these properties and con 
stituents were measured or sampled at only one or two sites 
(fig. 10).
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Pesticide, organics, and trace-elements data were col 
lected since 1998 at sites sparsely distributed across the plan 
ning area (fig. 11). Subwatersheds in the headwaters of the 
major rivers generally had not been sampled for any of these 
constituents since 1998 (fig. 11). The number of sites where 
pesticide data had been collected was especially limited in 
the Fox River, Oak Creek, and much of the Menomonee and 
Kinnickinnic watersheds (fig. 11). Sites where organics data 
had been collected were a little more widespread, but the Fox 
River and Menomonee River watersheds were still underrep- 
resented (fig. 11). Distribution of sites where trace-elements 
data were collected was similar to that for organics data; 
however, there were additional sites in the Fox River where 
trace-elements data were collected (fig. 11).

Sites where bacteria (fecal coliform and Escherichia 
coli), biological (fish, macroinvertebrates, algae), and habi 
tat-assessment and channel-measurement data have been 
collected since 1998 were located throughout most of the 
MMSD planning area, with the exception of some headwa 
ters subwatersheds (fig. 12). Sites where bacteria had been 
sampled were limited in the Fox River and Menomonee 
River watersheds and in most headwater subwatersheds. 
Collection of biological data was distributed over most of the 
planning area except parts of the Menomonee River water 
shed and some headwaters subwatersheds (fig. 12). Loca 
tions where habitat assessments or channel measurements 
were made were sparsely distributed throughout the MMSD 
planning area except in the headwaters subwatersheds 
(fig. 12). The Menomonee River was particularly well cov 
ered; however, most sites were involved in a one-time sedi 
ment transport study (Inter-Fluve, Inc., 2001) for which 
channel measurement information was available but no other 
habitat information had been collected, (fig. 12)
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Figure 8. Locations of sites typically examined for seasonality and temporal trends in the Milwaukee Metropolitan 
Sewerage District (MMSD) planning area,Wis.



Evaluation of Historical Data 29

WQT3D" 87°52'30"

4315'

EXPLANATION
Lakes
Subwatershed. sampled
for constituent since 1998
I———I Streamflow or 
I——I stream stage

|. ! ! . Precipitation 

MMSD planning area 
Watershed boundary 

/~\J Subwatershed boundary 
Streams
Sampling site, sampled 
for constituent since 1998 
•| Streamflow or 
^* stream stage 

Precipitation

Lake
Michigan

Base composited from Southeastern Wisconsin Regional Planning Commission regional base 
map, 1:2,000,1995; U.S. Geological Survey digital line graph hydrography, 1:100,000,2001; Wisconsin 
Department of Natural Resources version 2 hydrography, 1:24,000,2002. Wisconsin Transverse 
Mercator Projection, referenced to North American Datum of 1983,1991 adjustment.

0

0

2 4 MILES
1 1

1 1 
2 4 KILOMETERS

Figure 9. Locations of sites sampled for streamflow, stream stage, or precipitation since 1998 in the Milwaukee 
Metropolitan Sewerage District (MMSD) planning area, Wis.
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Figure 10. Locations of sites sampled for physical properties, nutrients, or inorganic constituents since 1998 in 
the Milwaukee Metropolitan Sewerage District (MMSD) planning area, Wis.
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Figure 11. Locations of sites sampled for trace elements, pesticides, or organics since 1998 in the Milwaukee 
Metropolitan Sewerage District (MMSD) planning area, Wis.
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Figure 12. Locations of sites sampled for bacterial, biological, or habitat data since 1998 in the Milwaukee 
Metropolitan Sewerage District (MMSD) planning area, Wis.



Physical Data 33

Physical Data

Rainfall and streamflow strongly affect stream chemis 
try, geomorphology, and aquatic communities. Water quality 
can vary greatly in response to streamflow. Flooding, ero 
sion, and sedimentation are major issues related not only to 
instream water quality but also to structural damage and 
other negative effects in downstream areas. In addition, a 
great demand has been placed on water resources in Wiscon 
sin by increased multiple uses such as maintenance of fish 
and wildlife habitat, irrigation of crops, dilution and assimi 
lation of wastes, production of hydroelectric power, and 
maintenance of adequate flows for boating.
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Streamflow, Stream Stage, and Precipitation

The USGS and MMSD record stream stage (the height 
of the water above an arbitrary reference point) and precipi 
tation in the study area to estimate streamflow and to gain 
information for modeling/predictive purposes. MMSD also 
uses stage data to study the effects of river stage on sewer 
systems. Stage measurements are continuously recorded by 
equipment inside a gagehouse located on the stream bank, 
and they are relayed via telephones or satellites to USGS 
offices. Measurements of the volume of water passing a 
given stream cross section in a given period of time 
("streamflow" or "discharge", reported as cubic feet per sec 
ond, or ft3/s) are made to develop a mathematical relation 
between river stage and flow. Actual measurements are 
made over the entire stage range to verify and update the 
relation, which may change over time in response to changes 
in channel characteristics.

USGS has estimated streamflow data at 42 sites within 
the MMSD planning area for various periods of record 
beginning in 1970 and continuing until present (fig. 13, 
table 8). "Daily mean discharge" is stored in the MMSD 
Corridor Study database in cubic feet per second.

USGS streamflow data are available in real time on the 
World Wide Web for a broad range of users that include 
flood forecasters, government officials, consultants, indus 
try, and recreational users such as fishermen and kayakers 
(U.S. Geological Survey, 2003).

MMSD collected stream-elevation data at four sites in 
the MMSD planning area beginning in 1993 and continuing 
to the present (fig. 13, table 8). Hourly elevations (in feet ref 
erenced to the National Geodetic Vertical Datum of 1929) 
are stored in the MMSD Corridor Study database. These data 
were not used to estimate stream discharge.

All major watersheds in the MMSD planning area cur 
rently have at least one streamgage where streamflow is 
computed (fig. 13). Several of the subwatersheds do not;

however, in most cases, there is a streamgage downstream in 
another watershed so that surface waters are well accounted 
for in the planning area. The upper reaches of the Menom- 
onee River watershed, middle reaches of the Lower Milwau 
kee River subwatershed, and parts of the Root River and Oak 
Creek watersheds were not as well covered by streamgages 
as are other parts of the planning area. Typically, the smaller 
subwatersheds in the headwaters of major rivers have not 
been gaged.

Daily mean streamflows (fig. 14) at the Milwaukee 
River and Oak Creek stations have a seasonal pattern, with 
higher daily mean flows from March through May. This sea- 
sonality of higher daily flows is related to snowmelt and 
spring rains and resultant higher antecedent soil moisture. At 
the other three stations this seasonality is less apparent, per 
haps because of a higher proportion of impervious surface at 
these sites. Therefore, high flows may occur at these sites 
even during drier seasons because overland runoff is the pri 
mary factor driving streamflow at these urban sites, not soil 
moisture.

Plots of streamflow over time (fig. 15) show little evi 
dence of long-term trends in the planning area. Yearly fluc 
tuations can be seen, however, and the same patterns are not 
observed at all stations, indicating variation across the plan 
ning area.

MMSD measured precipitation at 20 gages in the plan 
ning area (table 8). Precipitation gages were clustered 
toward the center part of the planning area, leaving the north 
ern and southern parts with less coverage (fig. 13). MMSD 
also uses precipitation data for regulatory reporting (storm 
duration, intensity, and frequency of recurrence) for perfor 
mance review of the ISS (Inline Storage System, otherwise 
known as "the deep tunnel"). Data are stored as cumulative 
inches per day at an hourly increment. Collection of precip 
itation data began in 1993 and continues to present.
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Figure 13. Locations of streamflow, stream stage, and precipitation gages in the Milwaukee Metropolitan Sewerage 
District (MMSD) planning area, Wis.
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Chemical Indicators of Water Quality

The chemistry of the water, sediment, and tissues 
collected in surface waters of the MMSD planning area 
reflect naturally occurring conditions as well as the influence 
of the surrounding urban environment.

Selected Field Measurements and 
Miscellaneous Constituents

Aquatic organisms are strongly influenced by certain 
physical properties and chemical constituents of water that 
are commonly measured in the field, such as dissolved 
oxygen, biochemical oxygen demand, and particulate matter 
in the water column. These properties and constituents can 
be influenced by natural environmental factors and the urban 
setting.
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pH

The pH of water affects the physiological functions of 
plants and animals and is an important indictor of the overall 
health of water bodies. The measurement of pH indicates 
whether a water is acidic or basic; more precisely, pH is the 
indication of hydrogen ion concentration in water and is 
directly related to the ratio of hydrogen (H+) and hydroxyl 
(OH-) activities at any given temperature (U.S. Geological 
Survey, 1998). pH is reported on a scale of 0 to 14, with a 
measurement of 7 considered neutral. The pH of an aqueous 
solution is controlled by interrelated chemical reactions that 
produce or consume hydrogen (Hem, 1985). If hydrogen 
activity is greater than hydroxyl activity, the solution is con 
sidered acidic (pH less than 7.0); if hydroxyl activity is 
greater than hydrogen activity, the solution is considered 
basic, or alkaline (pH greater than 7.0).

Natural and anthropogenic sources can both affect pH. 
Carbon dioxide (CO2) enters waterways through the atmo 
sphere, runoff, release from bacteria, and respiration from 
aquatic plants, and it forms a weak acid when it dissolves in 
the water. River water in areas not influenced by pollution 
generally has a pH in the range of 6.5 to 8.5. Release of 
acidic and alkaline compounds from rocks and soils can 
influence pH. Water draining from marshes and forests is 
often slightly acidic because of acids produced by decaying 
vegetation (Murphy, 2002c). Anthropogenic sources of acid 
ity can include exhaust from cars and powerplant emissions 
which increase the concentrations of nitrogen oxides and sul 
fur dioxide in the air; these chemicals react in the atmosphere 
to form nitric and sulfuric acid.

Water with a pH that is very high (greater than 9.5) or 
very low (less than 4.5) are unsuitable for most aquatic 
organisms. Young fish and immature aquatic insects are 
extremely sensitive to pH less than 5.0 and may die. Low pH 
can also affect aquatic life by altering stream chemistry. Low 
pH accelerates the release of metals from rock and sedi 
ments, and these metals can affect fish metabolism. pH 
above 9.0 can harm fish by denaturing cellular membranes 
(Murphy, 2002c). The USEPA Secondary Drinking Water 
Regulation (SDWR) and Canadian drinking water Aesthetic 
Objective (AO) both recommend a pH between 6.5 and 8.5 
for drinking-water supply. Low pH can impart a bitter metal 
lic taste and be corrosive to plumbing; high pH can result in 
a slippery feel and soda taste and can increase deposits in 
plumbing. The Canadian water-quality guideline for protec 
tion of aquatic life specifies a pH of 6.5-9.0.

A site in the Muskego Lake subwatershed on Big 
Muskego Lake was the only site with a median pH measure 
ment above the Canadian aquatic life guideline of 9.0 stan 
dard units (fig. 16). The highest median pH measurements 
frequently were measured at lake sites. Sites with the highest 
median measurements were in the Kinnickinnic River, Lin 
coln Creek, Honey Creek, Muskego Lake, and Butler Ditch 
sub watersheds (fig. 16).

Maximum measurements of pH for the subwatershed 
were above the guideline of 9.0 standard units in the 
Muskego Lake, Kinnickinnic River, Lower Menomonee 
River, Upper Menomonee River, Lincoln Creek, Lower Mil 
waukee River, and Lower Oak Creek subwatersheds (fig. 17, 
table 9). Minimum measurements of pH for the subwater 
shed were below the guideline of 6.5 standard units in the 
Kinnickinnic River, Lower Menomonee River, Upper 
Menomonee River, Lower Milwaukee River, Mitchell Field 
Drainage Ditch, Muskego Lake, Upper Root River, and Wil 
son Park Creek subwatersheds (fig. 17, table 9).

Data to determine seasonality were available at four of 
the five intensive sites; data were unavailable for Oak Creek 
at Ryan Road from early December to mid-March (fig. 18). 
The Milwaukee River and Menomonee River sites had sim 
ilar variability with increasing pH to early spring (early 
May), decreasing pH to around August, and slightly increas 
ing pH until the end of the year. Oak Creek data had a down 
ward trend to near August and then an upward trend through 
the end of the data (early December). These seasonal varia 
tions follow the growing season for aquatic plants and could 
be due to the increased respiration of aquatic plants. There 
was much more variability at Lincoln Creek; pH increased 
from October to early March, but throughout the spring and 
summer it demonstrated no consistent pattern.

Trend analysis at the sites showed similar changes at 
the Kinnickinnic River, Menomonee River, Lincoln Creek 
and the Milwaukee River (fig. 19): a slight upward trend (in 
readings) in the early to mid- 1980s was followed by a slight 
downward trend until the latter 1990s (98-99) and a slight 
upward trend through 2002. Data collection at from Lincoln 
Creek started in 1992; the pH trend was downward to the late 
1990s then slightly upward through 2002. At Oak Creek at 
Ryan Road, the trend was different than at the other four 
sites: slight downward trend from the start of the record 
through 2002.
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Base composited from Southeastern Wisconsin Regional Planning Commission regional base 
map, 1:2,000.1995: U.S. Geological Survey digital line graph hydrography, 1:100,000,2001; Wisconsin 
Department of Natural Resources version 2 hydrography, 1:24,000,2002. Wisconsin Transverse 
Mercator Projection, referenced to North American Datum of 1983,1991 adjustment.
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Figure 16. Sites sampled for pH in the Milwaukee Metropolitan Sewerage District (MMSD) planning area, Wis.
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Kinnickinnic River at 1st Street
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Figure 18. Seasonality of pH for selected sites in the Milwaukee Metropolitan Sewerage District planning area, 1970-2002.
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Figure 19. Trends of pH for selected sites in the Milwaukee Metropolitan Sewerage District planning area, 1970-2002.
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Alkalinity

Alkalinity is an expression of buffering capacity, or the 
capacities of solutes in water to neutralize a strong acid. 
Alkalinity is not a reflection of pH but instead refers to the 
ability of water to resist changes in pH. Most natural waters 
contain substantial amounts of dissolved carbon dioxide spe 
cies, which are the principal components of alkalinity.

Natural and anthropogenic factors both affect alkalin 
ity. Rainwater is naturally acidic (pH less than 7.0) because 
of exposure to carbon dioxide in the atmosphere: its alkalin 
ity is generally less than 10.0 mg/L as CaCO3 and can be less 
than 1.0 mg/L as CaCO3 , depending on the pH (Hem, 1985). 
High alkalinity concentrations in ground water are not 
uncommon, and concentrations greater than 1,000 mg/L as 
CaCO3 can occur in ground water that is low in calcium and 
magnesium. As surface water, ground water or rainwater 
percolates through and moves over soils and rock formations 
containing calcite or dolomitic limestones, these formations 
and soils will dissolve (leach) calcium and bicarbonate salts 
to the water, increasing alkalinity (Wurts and Durborow, 
1992). Industrial or sewage effluent can increase alkalinity 
in streams. Many cleaning agents and food residues contain 
carbonate and bicarbonate.

There are no water quality guidelines for alkalinity. 
Concentrations of 20-200 mg/L as CaCO3 are typical of 
freshwater. Alkalinity between 100 and 200 mg/L as CaCO3 
will stabilize stream pH. Concentrations below 10 mg/L as 
CaCO3 indicate the system is poorly buffered and is very 
susceptible to changes in pH from natural and anthropogenic 
sources (Murphy, 2002a).

Sites with the highest median alkalinity concentrations 
were in the Upper Menomonee River, Lower Milwaukee 
River, Upper Root River, Middle Root River, Upper Oak 
Creek, and Lower Oak Creek sub watersheds (fig. 20). Sites 
with the lowest median alkalinity concentrations were in the 
Little Menomonee River, Lower Menomonee River, Lower

Milwaukee River, Lincoln Creek, Honey Creek, Kinnickin- 
nic River, and Muskego Lake sub watersheds (fig. 20).

The Upper Root River, Upper Oak Creek, Upper Meno 
monee River, Middle Root River, and Lower Oak Creek sub- 
watersheds had the highest median alkalinity concentrations 
(fig. 20). Median concentrations in the Little Menomonee 
River, Honey Creek, Kinnickinnic River, and Muskego Lake 
subwatersheds were the lowest (fig. 20). The highest maxi 
mum alkalinity concentrations were measured in the Lower 
Milwaukee River (1,112 mg/L as CaCO3 ) and Kinnickinnic 
River subwatersheds (989 mg/L as CaCO3 ) (fig. 21, 
table 10). The Upper Root River sub watershed had the high 
est median alkalinity concentration (325 mg/L as CaCO3 ) 
(fig. 21, table 10).

Seasonality analysis indicates that alkalinity was 
slightly lower in midsummer than during winter. The Kin 
nickinnic River and Menomonee River showed similar sea 
sonal variability (fig. 22): concentrations decreasing starting 
in January, rise slightly near May, decline throughout the 
summer, increase near October, and decline again near 
December. The Milwaukee River site showed similar sea 
sonal variability, but with a much more gradual slope to its 
declines and rises. Both Lincoln Creek and Oak Creek had 
multiple cycles of increasing and decreasing alkalinity 
throughout the year but the fluctuations were much more 
pronounced at Lincoln Creek. There were frequent rises and 
declines from April through November at Lincoln Creek; the 
changes in trends at Oak Creek were more subtle and 
occurred from May/June to October/November.

Temporal trends were not as noticeable as seasonal 
variability was at the five sites (fig. 23). There appeared to 
be a slight downtrend in alkalinity concentrations for the 
period of record at the Kinnickinnic River, Menomonee 
River, and possibly Oak Creek. There was a slight uptrend in 
alkalinity concentrations at Lincoln Creek, and no percepti 
ble change at the Milwaukee River at Wells Street.
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87°52'30"

43°15'

EXPLANATION
Lakes
Subwatershed, median 
alkalinity in milligrams 
per liter as CaC03
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Base composited from Southeastern Wisconsin Regional Planning Commission regional base 
map, 1:2,000,1995; U.S. Geological Survey digital line graph hydrography, 1:100,000,2001; Wisconsin 
Department of Natural Resources version 2 hydrography, 1:24,000,2002. Wisconsin Transverse 
Mercator Projection, referenced to North American Datum of 1983,1991 adjustment.

Figure 20. Sites sampled for alkalinity in the Milwaukee Metropolitan Sewerage District (MMSD) planning area, 
Wis.
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Kinnickinnic River at 1st Street
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Figure 22. Seasonality of alkalinity for selected sites in the Milwaukee Metropolitan Sewerage District planning area, 
1970-2002.
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Figure 23. Trends of alkalinity for selected sites in the Milwaukee Metropolitan Sewerage District planning area, 1970-2002.
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Specific Conductance

Specific conductance (SC) is the measure of the electri 
cal conductivity of water at a certain temperature. Specifi 
cally, it is defined as the reciprocal of the resistance, in ohms, 
measured between opposite faces of a centimeter cube of an 
aqueous solution at a specific temperature (Hem, 1985). The 
higher the concentration of dissolved ions, the higher the SC. 
These ions can include dissolved solids such as chloride, 
nitrate, sulfate, phosphate, sodium, magnesium, calcium, 
and iron. Therefore, SC can be an indirect measurement of 
dissolved solids (Murphy, 2002d). Conductance of the same 
water changes greatly with changes in temperature, compli 
cating interpretation of data sets; normalizing the conduc 
tance to a temperature eliminates this complication.

Natural factors affecting SC include the release of ions 
from rocks and soils when water moves over them. In partic 
ular, rocks containing calcite, calcium, and carbonate tend to 
dissolve in water and increase SC. Anthropogenic sources 
include agricultural runoff containing fertilizer (with phos 
phate and nitrate) and road runoff containing leaked automo 
bile fluids and chemicals used for deicing roads. Distilled 
water has a SC of at least 1 )jS/cm at 25°C. Rainwater usually 
has a higher SC than distilled water because it dissolves 
gases and other airborne particulates. There are no specific 
regulatory guidelines for SC.

Sites with the highest median SC were concentrated in 
the southern half of the MMSD planning area (fig. 24.). Most 
sites with the lowest median concentrations were clustered in 
the Muskego Lake and Kinnickinnic River subwatersheds, 
with additional scattered sites in six other subwatersheds 
(fig. 24).

Subwatersheds with the highest median SC were also in 
the southern half of the planning area and were the Under 
wood Creek, Honey Creek, Upper Root River, Middle Root 
River, Upper Oak Creek, Middle Oak Creek, Lower Oak 
Creek, and Wilson Park Creek subwatersheds (fig. 24). Sub- 
watersheds with median SC in the lower quartile were Butler 
Ditch and the Kinnickinnic River (fig. 24). Maximum SC 
greater than 10,000 )jS/cm was measured in the Wilson Park 
Creek and Lincoln Creek subwatersheds (fig. 25, table 11). 
Median SC greater than 1,000 )jS/cm was measured in the 
Wilson Park Creek, Honey Creek, Underwood Creek, Lower 
Oak Creek, Middle Oak Creek, Upper Oak Creek, Middle 
Root River, and Upper Root River subwatersheds (table 11). 
The lowest median SC, less than 650 |o,S/cm, was measured 
in Muskego Lake, Kinnickinnic River, Butler Ditch, and 
Lower Milwaukee River subwatersheds (table 11).

Four of the five sites where seasonality in SC was 
examined (except for Oak Creek at Ryan Road) showed sim 
ilar seasonal variability with higher concentrations measured 
during winter (fig. 26). This pattern would parallel the use of 
deicing compounds on paved surfaces. Oak Creek was more 
difficult to interpret, because there were no measurements 
from December through March.

Temporal trend analysis for the Milwaukee River and 
Oak Creek sites showed similar trends with year-to-year 
variation, possibly corresponding to changes in road-salt use 
or other factors (fig. 27).
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Figure 24. Sites sampled for specific conductance in the Milwaukee Metropolitan Sewerage District (MMSD) 
planning area, Wis.
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Hardness

Hardness is defined in terms of the presence of calcium 
and magnesium cations in water. Hardness is not attributed 
to a single constituent and is reported in terms of an equiva 
lent concentration of calcium carbonate, "as quantified as 
CaCO3 ." Waters with a total hardness (as CaCO3) in the 
range of 0-60 mg/L are considered soft; 60-120 mg/L mod 
erately hard; 120-180 mg/L hard; and greater than 
180 mg/L, very hard (Murphy, 2002b). When hardness and 
alkalinity are similar, the only cations present in significant 
concentrations in the water are calcium and magnesium. 
When hardness is much greater than alkalinity, the water 
contains considerable amounts of other cations (Murphy, 
2002b). Calcium is an important part of plant cell walls, 
shells, and skeletal structure development of many aquatic 
species. Low calcium concentrations can cause osmotic 
problems and affect shell development or cuticle secretion in 
aquatic invertebrates.

Both natural and anthropogenic factors can effect the 
hardness of water. Hardness concentrations vary greatly 
because of differences in geology. Soft waters are mainly 
from igneous rocks that are resistant to weathering and there 
fore do not release many cations. Hard water results from 
contact with calcerous (calcite-rich) rocks and sediments. 
Anthropogenic sources include industrial effluent and waste- 
water-treatment plant effluent, both of which may produce 
significant amounts of calcium and magnesium. There are no 
guideline concentrations for hardness.

The highest median concentrations of hardness were 
measured at sites in the southern part of the MMSD planning 
area (fig. 28). Sites in the Upper Root River, Middle Root 
River, Lower Root River, Upper Oak Creek, Middle Oak 
Creek, Lower Oak Creek, Mitchell Field Drainage Ditch,

and Wilson Park Creek subwatersheds had median concen 
trations in the upper quartile (fig. 28). Sites with median con 
centrations in the lower quartile were clustered in the central 
part of the planning area and were primarily in the Little 
Menomonee River, Underwood Creek, Lower Menomonee 
River, Lower Milwaukee River, Kinnickinnic River, and 
Lincoln Creek subwatersheds (fig. 28).

Median hardness concentrations for subwatersheds in 
the upper quartile were also in the southern part of the plan 
ning area and included all the subwatersheds listed above 
with median concentrations for sites in the upper quartile 
except the Mitchell Field Drainage Ditch subwatershed 
(fig. 28). Subwatersheds with the median concentrations in 
the lower quartile were the Underwood Creek, Little Meno 
monee River, and Lincoln Creek subwatersheds (fig. 28). 
The Wilson Park Creek, Lower Milwaukee River, Lower 
Oak Creek, and Upper Oak Creek subwatersheds all had 
maximum hardness concentrations greater than or equal to 
1,000 mg/L as CaCO3 (fig. 29, table 12). The highest median 
concentrations were measured in the Upper Oak Creek 
(450 mg/L as CaCO3) and Upper Root River (430 mg/L as 
CaCO3) subwatersheds (fig. 29, table 12). The median hard 
ness concentrations for the Little Menomonee River 
(63 mg/L as CaCO3) and Underwood Creek (130 mg/L as 
CaCO3) subwatersheds were the lowest compared to median 
concentration at other subwatersheds (fig. 29, table 12).

No consistent seasonal pattern was observed in hard 
ness (data not shown). There appeared to be a slight long- 
term downtrend in concentrations at all sites (except for Lin 
coln Creek) through the entire period of their records 
(fig. 30); Lincoln Creek appeared to have a slight uptrend in 
concentration.
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Figure 28. Sites sampled for hardness in the Milwaukee Metropolitan Sewerage District (MMSD) planning area, 
Wis.
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Dissolved Oxygen

Dissolved oxygen is perhaps the most biologically 
important dissolved gas in natural waters. With a few odd 
exceptions, all multicellular organisms (including plants) 
and many bacterial species rely on oxygen as an electron 
acceptor in respiration.

The two primary sources of dissolved oxygen to surface 
waters are the atmosphere and photosynthesis. The amount 
of dissolved oxygen in freshwater is controlled mainly by 
water temperature, but the actual ambient concentration rep 
resents a highly dynamic (on a time scale of seconds to min 
utes) balance between the atmospheric source and various 
biotic and abiotic sinks. These sinks include uptake by 
aquatic organisms and reaction with common reduced chem 
ical species such as sulfide, methane, and ammonium that 
are formed when organic matter decomposes. In parts of the 
MMSD planning area, anthropogenic loading of decompos 
able organic matter and other nutrients can cause algal 
blooms, especially in the summer when high temperatures 
and abundant sunshine spur growth. When the algae die and 
decompose, the respiration of the organisms that consume 
the dead algae is a major oxygen-consuming process.

Various water-quality standards for minimum dis 
solved oxygen concentrations exist, sometimes tailored to 
the specific type of water (lake, stream, fresh, salt, and so 
forth). Of these, the Wisconsin Department of Natural 
Resources has selected a minimum of 5 mg/L as the mini 
mum concentration to prevent fish kills and other deleterious 
effects on stream biotic communities.

Median dissolved oxygen concentrations below the 
minimum guideline concentration of 5 mg/L were observed 
at sites in the Upper Root River, the Lower Menomonee 
River, and the lower reaches of the Kinnickinnic River sub- 
watersheds (fig. 31). Sites with the lowest median concentra 
tions were clustered in several subwatersheds including the

Lower Menomonee River, Kinnickinnic River, Upper Root 
River, and Lower Milwaukee River, with a scattering of sites 
in other subwatersheds (fig. 31). Sites with the highest 
median concentrations of dissolved oxygen were in the 
Lower Milwaukee River, Lincoln Creek, Lower Menom 
onee River, Kinnickinnic River, Honey Creek, Lower Oak 
Creek, and Muskego Lake subwatersheds (fig. 31).

Subwatersheds with dissolved oxygen concentrations 
in the lower quartile were the Lower Menomonee River, 
Kinnickinnic River, Upper Root River, Lower Root River, 
Upper Oak Creek, and Middle Oak Creek (fig. 31). There 
were no subwatersheds with median concentrations in the 
upper quartile (fig. 31). All subwatersheds except Honey 
Creek, Little Menomonee River, and Lower Root River had 
at least one sample with a dissolved oxygen concentration 
below the 5-mg/L guideline concentration (fig. 32, table 13). 
The Upper Root River (5.13 mg/L) and Lower Menomonee 
River (6.50 mg/L) subwatersheds had the lowest median 
concentrations (fig. 32, table 13). Willow Creek (9.81 mg/L) 
and Honey Creek (9.47 mg/L) subwatersheds had the highest 
median concentrations (fig. 32, table 13). Maximum 
observed concentrations of dissolved oxygen (over 20 mg/L) 
were in the Muskego Lake, Kinnickinnic River, Lower 
Menomonee River, and Lower Milwaukee River subwater 
sheds (fig. 32, table 13).

Dissolved oxygen concentrations varied with the sea 
son at all five highlighted sites, with the lowest concentra 
tions generally observed in warm months (fig. 33). This pat 
tern reflects the direct relation between oxygen use during 
organic matter decomposition and the inverse relation 
between solubility and water temperature.

There were no obvious trends in dissolved oxygen con 
centrations over time for the five sites (data not shown).
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Biochemical Oxygen Demand, 5 day

Five-day biochemical oxygen demand (BODS) is an 
empirical measure of the oxygen-consuming material in a 
water sample. Because the analytical conditions are stan 
dardized at 20°C over 5 days, BODS measures the potential 
oxygen demand rather than the true oxygen demand in a 
stream, which may be limited by temperature or some other 
factor.

Sources of oxygen-consuming material include organic 
matter and detritus and reduced chemical species such as sul- 
fide, methane, and ammonia.

There are no water-quality standards for BODS for the 
MMSD planning area, although effluents are sometimes 
monitored for BODS load. A high concentration of BODS 
(for example, greater than 60 mg/L) indicates a high poten 
tial for oxygen uptake and hypoxia or anoxia, therefore, 
effluents with high BODS concentrations have potential to 
cause deleterious effects in receiving waters.

Sites with median BODS concentrations in the upper 
quartile were clustered in four subwatersheds in the south 
eastern part of the planning area (fig. 34). Sites with median 
concentrations in the lower quartile were scattered through 
out the planning area (fig. 34).

Subwatersheds with median BODS concentrations in 
the upper quartile were West Milwaukee Ditch, Wilson Park

Creek, Mitchell Field Drainage Ditch, and Lake Michigan 
Direct subwatersheds (fig. 34). Subwatersheds with median 
concentrations in the lower quartile were the Upper Menom- 
onee River, Muskego Lake, Upper Root River, Middle 
Root River, Lower Root River, Upper Oak Creek, Middle 
Oak Creek, and Lower Oak Creek (fig. 34). The subwater 
sheds with some of the highest maximum and median con 
centrations were the Mitchell Field Drainage Ditch 
(38,600.0 mg/L; 1,865.0 mg/L) and Wilson Park Creek 
(5,790.0 mg/L; 100.0 mg/L) (fig. 35, table 14), both of which 
receive water draining from the General Mitchell Interna 
tional Airport. The only sample collected in the Lake Mich 
igan Direct subwatershed, at a site that is near the airport, 
also had one of the highest concentrations (130.0 mg/L) 
(table 14). High BODS concentrations during winter may be 
caused by runoff of runway and airplane deicers (Corsi and 
others, 2001a). The Kinnickinnic River subwatershed, which 
is downstream from Wilson Park Creek, also had a relatively 
high maximum concentration (669.0 mg/L) but a relatively 
low median concentration (2.2 mg/L) (table 14). All other 
subwatersheds had median concentrations less than 3.0 mg/L 
(table 14).

There were no significant seasonal or temporal trends 
for the BODS data (data not shown).
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Figure 34. Sites sampled for 5-day biochemical oxygen demand in the Milwaukee Metropolitan Sewerage 
District (MMSD) planning area, Wis.
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Chloride

Chlorine is the most abundant of the halogen elements. 
Although chlorine can occur in various oxidation states, the 
chloride form (Cl~) is the only one of major significance in 
water exposed to the atmosphere (Hem, 1985). Chloride is 
widely distributed in nature, generally as sodium chloride 
(NaCl) and potassium chloride (KC1) and it constitutes 
approximately 0.05 percent of the lithosphere (National 
Research Council of Canada, 1977). Chloride is present in 
all natural waters, normally at low concentrations.

Sources of chloride are both natural and anthropogenic. 
Chloride is present in various rock types in lower concentra 
tions than other major constituents. The major anthropogenic 
sources of chloride in surface water are road deicing salts, 
urban and agricultural runoff (including animal waste and 
potash fertilizer), and discharges from wastewater-treatment 
plants, septic systems, and industrial plants. Sodium chlo 
ride, and to a lesser extent, calcium chloride are used for 
snow and ice control in Canada and the United States. Chlo 
ride ions are conservative, moving with water without being 
retarded or lost. Accordingly, all chloride that enters the soil 
or ground water can ultimately be expected to reach surface 
water (Environment Canada, 2001).

There are no Federal regulatory standards for chloride 
with regard to the protection of aquatic species, nor are there 
U.S. or Canadian primary drinking-water standards for chlo 
ride. The USEPA has a Secondary Maximum Contaminant 
Level (SMCL) for chloride of 250 mg/L, related to salty 
taste. The Canadian guideline for drinking-water quality has 
an aesthetic objective of chloride concentrations less than/or 
equal to 250 mg/L. In the USEPA "National Recommended 
Water Quality Criteria", the non priority pollutants section, 
the recommended Criterion Maximum Concentration 
(CMC) for chloride is 860 mg/L and the Criterion Continu 
ous Concentration (CCC) is 230 mg/L for freshwater spe 
cies. The CMC is an estimate of the highest concentration of 
a material in surface water to which an aquatic community 
can be exposed briefly without resulting in unacceptable 
effect. The CCC is an estimate of the highest concentration 
of a material in surface water to which an aquatic community 
can be exposed indefinitely without resulting in unaccept 
able effect (U.S. Environmental Protection Agency, 2002e). 
The WDNR in February 2000 adopted a rule to deal with the 
discharge of chlorides in wastewater effluents. All new dis 
chargers must meet a chronic limit of 395 mg/L and an acute 
chloride limit of 757 mg/L (Wisconsin Department of Natu 
ral Resources, 2003a).

One site in the Upper Root River subwatershed had a 
median chloride concentration in exceedence of the 
230 mg/L USEPA CCC, the highest concentration at which 
continued exposure does not cause undesirable effects in 
aquatic communities. Sites with median chloride concentra 
tions in the upper quartile were clustered in the southern part 
of the planning area and scattered throughout the rest of the

planning area (fig. 36). All the sites in the Upper Root River, 
Middle Root River, Upper Oak Creek, Middle Oak Creek, 
and Lower Oak Creek had median concentrations in the 
upper quartile (fig. 36). Sites with median concentrations in 
the lower quartile were scattered throughout the planning 
area except for the southern part (fig. 36).

Subwatersheds with median chloride concentrations in 
the upper quartile were all located in the southern part of the 
planning area; specifically these were Upper Root River, 
Middle Root River, Upper Oak Creek, Middle Oak Creek, 
and Lower Oak Creek subwatersheds (fig. 36). Subwater 
sheds with median concentrations in the lower quartile were 
Dousman Ditch, Lower Milwaukee River, Wilson Park 
Creek, and Lake Michigan Direct (fig. 36). At least one sam 
ple in all subwatersheds except Dousman Ditch, Lake Mich 
igan Direct, Lower Root River, Willow Creek, and Wilson 
Park Creek, exceeded one or more drinking-water (250 mg/L 
USEPA SDWR and Canadian AO) or aquatic-life guideline 
concentrations (230 mg/L USEPA CCC; 860 mg/L USEPA 
CMC) or a future WDNR discharge limit for chloride 
(395 mg/L chronic discharge limit; 757 mg/L acute dis 
charge limit) (fig. 37, table 15). One or more samples in the 
Kinnickinnic River, Lower Menomonee River, Lower Oak 
Creek, and Middle Oak Creek exceeded 860 mg/L, which is 
the USEPA maximum one-time concentration to which an 
aquatic community can be subject without experiencing an 
undesirable effect (fig. 37, table 15). Maximum concentra 
tions in these subwatersheds, all greater than 900 mg/L, also 
accounted for the highest maximum concentrations 
(table 15). Of the subwatersheds with no exceedences, no 
more than 30 samples were collected in any subwatershed, 
and samples in Dousman Ditch, Wilson Park Creek, and 
Lake Michigan Direct were all below a reporting limit 
(table 15).

Data for chloride were available from all seasons from 
four of the five highlighted sites (Oak Creek being the excep 
tion). These data indicate higher concentrations during win 
ter (fig. 38), likely related to the use of deicing salts on 
streets and highways. Lincoln Creek had a large increase in 
concentrations during the winter with lower concentrations 
in other seasons. Data from the Kinnickinnic, Menomonee, 
and Milwaukee Rivers indicated similar patterns but with 
smaller peaks in winter months than Lincoln Creek. The Oak 
Creek site did not have any samples before April and (or) 
May did have a gradual decrease in concentrations from the 
start to the end of the record in November.

Chloride concentrations at most sites demonstrated 
similar long-term temporal trends. Trends began with a 
slight upward trend in concentrations in the early 80s, 
changed to a very gradual downward trend until 1996, 
followed by a very gradual upward trend until 2000, and 
ended with a slight fall through the end of record (fig. 39).
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Figure 36. Sites sampled for chloride in the Milwaukee Metropolitan Sewerage District (MMSD) planning area, Wis.
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Figure 38. Seasonality of chloride for selected sites in the Milwaukee Metropolitan Sewerage District planning area, 1970-2002.
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Sediment

Two types of suspended solid-phase material data, total 
suspended solids (TSS) and suspended sediment (SS), are in 
the MMSD Corridor Study database. Most TSS data were 
from MMSD and USEPA STORET, whereas all of the SS 
data were from USGS. Gray and others (2000) have shown 
conclusively that TSS and SS data are not comparable and 
that SS is a much more reliable and reproducible measure of 
suspended matter in natural waters, especially when sand- 
sized material is present. For this reason, these two data sets 
are discussed separately in this report.

Total Suspended Solids

Total suspended solids (TSS) is a measure of the all 
material, biotic and abiotic, that is retained on a filter. It is 
composed of suspended sediment mainly in the clay and silt 
size range, biomass (mainly live algae and zooplankton), 
and particulate detritus (dead organic matter). Soil and surf- 
icial deposit characteristics in the watershed generally con 
trol the amount and size range of sediment entering into and 
transported in a stream. Primary production, input of soil 
organic matter, and resuspension of fine-grained organic- 
rich sediments largely determine the amount of organic mat 
ter in total suspended solids.

Nonbiological suspended solids ultimately come from 
the watershed, although a significant amount at any particu 
lar site may be resuspended from the stream bottom. The 
main source of biological suspended solids is usually stream 
organisms, but detritus may be dominated by allochthonous 
sources such as soil organic matter and leaf fragments.

Total suspended solids in streams is usually dominated 
by nonbiological materials; therefore, its importance is 
mainly as an indicator of erosion and transport of sediments 
from watersheds. Construction sites are often regulated in an 
attempt to limit the sediment runoff into nearby surface 
waters. Also, buffer zones between agricultural sites and 
streams are increasingly used to decrease sediment inputs, 
and their associated nutrients, to surface waters. There is no 
TSS water-quality standard for the streams in MMSD plan 
ning area, although lower concentrations, indicative of 
clearer water, are usually more desirable.

Sites with median TSS concentrations in the upper 
quartile were primarily in the southern part of the planning 
area. All sites in the Upper Root River, Middle Root River,

Lower Root River, Upper Oak Creek, Middle Oak Creek, 
and Lower Oak Creek subwatersheds had median concen 
trations in the upper quartile (fig. 40). Sites with median 
concentrations in the lower quartile were in the Willow 
Creek, Butler Ditch, Lower Milwaukee River, Kinnickinnic 
River, Wilson Park Creek, and Mitchell Field Drainage 
Ditch subwatersheds (fig. 40).

Subwatersheds in the southern part of the planning area 
had median TSS concentrations in the upper quartile 
(fig. 40). Subwatersheds with median concentrations in the 
lower quartile were Willow Creek, Butler Ditch, Wilson 
Park Creek, and the Mitchell Field Drainage Ditch, although 
10 or fewer samples were collected at most sites within the 
subwatersheds (fig. 40). The highest maximum concentra 
tions were found in the Lower Milwaukee River 
(7,800 mg/L) and Kinnickinnic River (7,210 mg/L) subwa 
tersheds (fig. 41, table 16). The Lower, Middle, and Upper 
Oak Creek and Root River subwatersheds had the highest 
median concentrations, with increasing median concentra 
tion in the downstream direction for each river (fig. 41, 
table 16). The lowest median concentrations were measured 
in the Willow Creek (7 mg/L), Wilson Park Creek 
(13 mg/L), and Mitchell Field Drainage Ditch (23 mg/L) 
subwatersheds (fig. 41, table 16).

There were some indications of higher TSS concentra 
tions during the late winter through spring months at the 
Menomonee and Milwaukee River sites (fig. 42). The 
higher concentrations may be due to erosion during snow- 
melt on land with little cover. No obvious long-term trend in 
TSS concentration with sample year was evident at any of 
the five highlighted sites (data not shown).
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,ŝ
6 

v
° 

^
 

v
°

11 
p

—
 1 

L

-#
•

^
° V

_i

1 
1 

;

11
1

28
 

r-

i —
 I —

 i
—

—
 

—
—

- -

i 
I 

i

<£
 

0^
 

(^

<S
^ 

d
^
 

c>
^

v
v

E
X

P
LA

N
A

T
IO

N

10
6 

N
um

be
r o

f s
am

pl
es

_
_
 

D
at

a 
va

lu
e 

1.
5 

to
 3

.0
 ti

m
es

 th
e 

IQ
R

ou
ts

id
e 

th
e 

bo
x

La
rg

es
t d

at
a 

va
lu

e 
w

ith
in

 1
.5

 ti
m

es
th

e 
IQ

R 
ab

ov
e 

th
e 

bo
x

75
th

 p
er

ce
nt

ile
 

—
,

M
ed

ia
n 

(5
0t

h 
pe

rc
en

til
e)

 
^
 

25
th

 p
er

ce
nt

ile
 

_
l

S
m

al
le

st
da

ta
 v

al
ue

 w
ith

in
 1

.5
 ti

m
es

 
th

e 
IQ

R 
be

lo
w

 th
e 

bo
x

C
/) I CD 3 C

O
 

CD D a

S
U

B
W

A
T

E
R

S
H

E
D

Fi
gu

re
 4

1.
 S

ta
tis

tic
al

 d
is

tri
bu

tio
n 

of
 to

ta
l s

us
pe

nd
ed

 s
ol

id
s 

co
nc

en
tra

tio
ns

 in
 th

e 
M

ilw
au

ke
e 

M
et

ro
po

lit
an

 S
ew

er
ag

e 
D

is
tri

ct
 p

la
nn

in
g 

ar
ea

, 
19

70
-2

00
2.

0) g V
) o e



Sediment 85

DC
LU

LU 
D_
CO

< 
DC

6,000

5,000

4,000

3,000

2,000

1,000

0

2,500

2,000

1,500

1,000

500

Kinnickinnic River at 1st Street

Menomonee River at 70th Street Bridge

«*!***

Lincoln Creek at 47th Street

CO 
Q
_i 
O 
CO
Q 
LU 
Q

LU 
D_ 
CO
=> 
CO

1,BOO 

1,600

1,400

1,200 

1,000 

800

600

400 

200
r\

*

«*

•••VV.s " '.
z• • ; *'r >. • • '

2,000

1,500

1,000

500

0

Milwaukee River at Wells Street

Oak Creek at Ryan Road
1,600

1,400

1,200 

1,000

800

600

400

200
r\

I I I I

-

.%*

*• t -

f

• *

~

iii

^ft::;, ^kSI H&* * ^

K

"-

k . . _

**~* •• ~ ~~ '---•' ^ '

• *^

1 1 1 i I i i 1

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC

MONTH

Figure 42. Seasonality of total suspended solids for selected sites in the Milwaukee Metropolitan Sewerage District 
planning area, 1970-2002.



Middle Root River Upper Root River

4^ -

— to
•-• CO

0 0

.— • tO
*- CO

O 0

o o CO OO
to s5

so so
so so
so so

o o 

o o

o o o o

£ £ o o

0 SO

OS OS
to os
O <-n

OO ~J

O OS

CO -J

<J1 OS

"— -J
§

co
0

"to co
O CO

"(3i io o o 
o o

Root Riv

3

Upper Oak Creek Lower Root River

H- ——

to
to 4*-
Os Ln

O O

to
to 4*-
OS <-n

O O

0 O 
CO U>
to to

SO SO
SO CO
so <-n

O H;

o S 
Ks fo 0 O 
O 0

4^ — 
4*- <-n
O OS

OS Os

OS OS
u> so
L/1 L/1

OS CO
OO -J

OS OO
-j Ln
OS tO

-o

OJ tO

~J "H-
OS ~J
-J 4*-

co "4*.
O <~n
O O

Lower Oak Creek Middle Oak Creek

to 4*-

4*- so
CO OS
so to

o o

4*- so
OO OS
so to

o o

o o

to to"

so so
OO CO

fj to
o o 
o o

to 
4*- so
— o

-J SO
O -J

OS OS
o o to to

-J -J 4*. OJ
<~n so

-J -J 4*. OJ
Ul U>

OO CO
CO OS
-J 0

"o so O <~n
O OS

-~ -£
S

OJ 
o

Oak Cree

*•

Mitchell Field Drain

Pera

gr+
B*

to

o

^

~~"

o

o

o 

to
o
0
o

0
so 

to

80

Ln

_
u>

to

toOJ

H-

to-J

to

to
OJ

Milwauk 
River

a>

Lincoln Creek 
Lower Milwaukee R

t-.
%

Os <-n

OO

O u>
OS U>

OS O

OO 
L*J L*J
^- OJ
to oj

O 0

o o

1 1 so so
CO SO
O -J

to to 

to s5
8 8

^
OJ OO

to to
CO 4*-
H- O

OJ OJ

4^ so

4^ V,
i— O
CO O

4^ u,

oj o

4^ OS
OS CO
CO O

Ln oo

4^ 4=^

"co ~a\
8 8

Upper Menomonee ] 
Willow Creek

S

- u>

o
_ o O H—

<s> o

o
o

0 O

o o OS Ln
i— to
N> 4^
P3 i-i
o so
O OO
o to

O !-•

CO >—

o to CO ^1

to to
8 8 0 i--

to
o •~n to

U)
Ln so

w
Ln O

u>
so

^1 0

Ul
CO

SO UJ

OS

u-> o

-J
— • o Ln co

"to

Os O

Menomo 
River

a
n

Butler Ditch Lower Menomonee

^o

1

OS tO

SO
<~n o

o to

•£
so
•~n to

0 O

R 9 UJ 4^.

d ^ ^ to
so O
CO O
O i—

5 1 to to
;J 4^.
to to
8 8

to
— o

OJ OJ
o to
SO i—

OJ OJ
co to H- OJ

4^ OJ
oo to
o <-n

4^ OJ
so to so <-<>

Ln U>
co to
~J CO

-J OJ
o to
OJ SO

to
OS U)
U) U>
o o

Kinnicki] 
River

§
o

Kinnickinnic River Wilson Park Creek

U> OS

JP-
CO

o u>

OJ 
OS 4*-

"i; U) OO
OS -J

o o

i— O
to oj
to o3

^o ^
SO CO
so o

o —
so — 
to K> 
tO ;J
to s5
§

o 
o

o —

<~n to

to
L/l t— '

to -J
<-n co

UJ
^^ CO
oj o

_^ U) OJ
O 4^-

to o

OS
4^ so
CO O

to Io
OS ^ 
U) O

Fox Rive

i^

Muskego Lake

—

o

-

"

o

ICO
to
o
o

o

go 
to
o 
o

£CO

$i
CO

4^

CO

_^
CO

_^
CO

OO

^
CO

_^
CO

i(D0)
^
(D
a.

1Q) 
(D
w
^
(D
a.

Sites per subwatershed

Count ol MMSD results

Count of STORET results

Count at all results

Number at values
below a reporting limit

Earliest sample date

Latest sample date

Minimum

10th percentile

25th percentile

Median

Mean

75th percentile

90th percentile

Maximum

[MMSD, whole nui

3 g
CD ^

• • ^

C3

:ee Metropolitan Se'

3E

m(D
OEn"

ao
rvi

|
.H
C/3
H

CTQ 
(D

3
O.
?o

1
<

&o "^

1
,

3
O
o.
S

i
1JT)

£L
CD

p
(D
(D 
X

*3

(D
CO

2ex3'

3
p^ •S"
1
•o

~̂

^

3
^

J
CD

O
e
P. o>P.

S-
CD

1

i!CD"

O)

OO

1T3

nary statistics foi

1
o"
i— h 
0}

CO

CO
T3
O)

Q-
O>
a.
CO 
0
^-
CO

-<
o
0} 
i— h
O) 

(O
o

o"

O)

^

0}
c
O)
0)

2- 
o-a
o_

Q}

OO
O)
§
O)
Q}

(O
0)

aco'
i-H-
"^
o' 

-a
Q}

=

(0

Q)

CD
Q}

CO

o
ro
o ro

WSUOOSJM 'gg





88 Water-Resources-Related Information for the Milwaukee Metropolitan Sewerage District Planning Area, Wisconsin

Suspended Sediment

The general composition and sources of SS in streams 
and rivers are identical to those for TSS with the exception 
that SS will include any sand-sized (and larger) particles 
whereas TSS may or may not. Therefore, it is not unreason 
able to presume that SS concentrations may be significantly 
higher than TSS in watersheds where surficial deposits con 
tain large proportions of sand.

Sites with median SS concentrations in the upper quar- 
tile were scattered throughout the planning area and were in 
the Upper Menomonee River, Underwood Creek, Kinnickin- 
nic River, and Upper Root River subwatersheds (fig. 43). 
Sites with median concentrations in the lower quartile were 
also scattered throughout the planning area in the Upper 
Menomonee River, Lower Milwaukee River, Lincoln Creek, 
Kinnickinnic River, and Muskego Lake subwatersheds 
(fig. 43).

The subwatersheds of Underwood Creek, Kinnickinnic 
River, and Upper Root River had median suspended-sedi 
ment concentrations in the upper quartile. Subwatersheds

with median concentrations in the lower quartile were Lower 
Milwaukee River and Lincoln Creek, in the northeastern part 
of the planning area (fig. 43). The Upper Menomonee River 
subwatershed had the highest maximum concentration at 
11,700 mg/L (fig. 44, table 17). The Kinnickinnic River 
(356 mg/L), Underwood Creek (234 mg/L), and Upper Root 
River (204 mg/L) subwatersheds had the highest median sus 
pended-sediment concentrations (fig. 44, table 17). Median 
concentrations of the Lincoln Creek (25 mg/L) and the Lower 
Milwaukee River (28 mg/L) subwatersheds were the lowest 
compared to median concentrations in other subwatersheds 
(fig. 44, table 17).

Data were insufficient to indicate seasonal or long-term 
trends in suspended-sediment at the five highlighted sam 
pling sites (data not shown).
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Figure 43. Sites sampled for suspended sediment in the Milwaukee Metropolitan Sewerage District (MMSD) 
planning area, Wis.
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Nutrients

Nutrients are of concern in surface waters because high 
levels may cause excessive aquatic plant growth, which in 
turn may lead to lowered dissolved oxygen as the plants 
decompose. Excessive aquatic plant growth may cause other 
problems including large "mats" of weeds on the surface of 
waters that can be a nuisance to boaters and swimmers and 
aquatic life, and decomposing vegetation also may cause 
unpleasant odors.

Total Nitrogen

As a major element required for the synthesis of pro 
teins, nucleic acids, and chlorophyll, nitrogen is a biologi 
cally essential element to stream communities. With no 
common nitrogen-containing minerals, virtually all nongas- 
eous nitrogen in streams is associated with organic matter 
and detritus, with usually much lesser amounts of dissolved 
or sorbed inorganic species. The nitrogen cycle is particu 
larly complex, having many forms of gaseous, truly dis 
solved, colloidal, and particulate forms. Particulate organic 
nitrogen is commonly the largest component of total nitro 
gen, with the remainder accounted for by dissolved and 
sorbed species—including ammonium, amino acids, pep- 
tides, proteins, amino sugars, and aliphatic amines-and dis 
solved nitrate (NO3~) and nitrite (NO2~)-

Allochthonous sources of nitrogen include direct dis 
solution of nitrogen gas from the atmosphere, dissolved 
nitrogen associated with ground water, inputs of organic 
matter and detritus from watershed, and eroded sediments 
with sorbed nitrogen. Autochthonous sources are domi 
nated by primary production and recycled nitrogen formed 
during organic matter decomposition in the water and 
stream sediments.

USEPA has proposed a criterion of 1 .59 mg/L as N for 
total nitrogen in rivers for Level III Ecoregion 53 (U.S. 
Environmental Protection Agency, 2000a). The total nitro 
gen criterion for rivers is an attempt to limit the potential for 
nuisance algal blooms directly related to excessive nitrogen 
concentrations.

In most cases, concentrations of total nitrogen were 
derived from adding either dissolved nitrate plus dissolved 
Kjeldahl nitrogen concentrations or dissolved nitrate plus 
total organic nitrogen plus dissolved ammonia nitrogen 
concentrations. (For further discussion, see "Screening of 
data".) Because total nitrogen concentrations were calcu 
lated from several constituents, the number of samples with 
one or more components having concentrations below a 
reporting limit was not carried through the calculation.

At many sites scattered throughout the planning area, 
median total nitrogen concentrations exceeded the pro 
posed USEPA nutrient-criterion concentration (for a calcu 
lated total nitrogen) of 1.59 mg/L as N (fig. 45). The sites 
with median concentrations in the upper quartile were gen 
erally found in the same subwatersheds with exceedences 
of the nutrient criterion (fig. 45). Sites with median concen 
trations in the lower quartile were also scattered throughout 
the planning area (fig. 45).

Subwatersheds with median concentrations in the 
upper quartile were Willow Creek, Little Menomonee 
River, Wilson Park Creek, Mitchell Field Drainage Ditch, 
and the Lower Root River (fig. 45). Subwatersheds with the 
lowest median concentrations were Honey Creek, North 
Branch Oak Creek, and Middle Oak Creek (fig. 45). All 
subwatersheds except Butler Ditch, Honey Creek and North 
Branch Oak Creek had multiple exceedences of the 1.59 
mg/L as N nutrient criterion (fig. 46). All samples collected 
in the Mitchell Field Drainage Ditch exceeded the nutrient 
criterion (fig. 46, table 18). Those subwatersheds with no 
exceedences of the nutrient criterion each had fewer than 10 
samples (fig. 46, table 18). The highest maximum concen 
trations were in the Wilson Park Creek (562.00 mg/L as N) 
and Mitchell Field Drainage Ditch (170.01 mg/L as N) sub- 
watersheds (fig. 46, table 18). The highest median concen 
tration, of 53.70 mg/L as N, was measured in the Mitchell 
Field Drainage Ditch subwatershed (table 18). Median con 
centrations in Wilson Park Creek, Little Menomonee River, 
Willow Creek, Lower Milwaukee River, and the Lower 
Root River also exceeded the nutrient criterion (fig. 46, 
table 18).

No general seasonal variations or long-term trends in 
total nitrogen were evident at the five highlighted sampling 
sites (data not shown).
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area, Wis.
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Nitrate

Dissolved nitrate (NO3~) is the dominant form of inor 
ganic dissolved nitrogen in virtually all surface waters of the 
MMSD planning area. As a relatively bioavailable compo 
nent of the nitrogen cycle, nitrate is readily taken up by 
algae, macrophytes, and other primary producer organisms.

Natural sources of nitrate to surface waters include 
atmospheric deposition and oxidation of reduced nitrogen 
species (including ammonia) in either influent ground water, 
surficial bed sediments, or the water column of streams and 
lakes. Nitrate is also applied as fertilizer in agricultural, 
urban, and suburban settings. In southeastern Wisconsin, 
elevated nitrate concentrations in ground water are often cor 
related with infiltration from excess fertilizer use in agricul 
tural areas (Saad, 1997). Because of its relatively conserva 
tive nature in ground waters, nitrate tends to be physically 
transported rather than chemically altered or sorbed to aqui 
fer matrices.

Nitrate is an important constituent in terms of human 
health in that concentrations in excess of 10 mg/L as N are 
correlated with "blue baby syndrome," a condition where the 
nitrate in ingested water competes with oxygen in infants. 
Nitrite (NO2~), another form of dissolved inorganic nitrogen 
in surface waters, also can cause or contribute to blue baby 
syndrome, but nitrite is usually present in much lower con 
centrations than nitrate. Hence, nitrate remains the focus of 
water-quality standards to safeguard against blue baby syn 
drome and is therefore sampled frequently in water-quality 
monitoring studies. The USEPA has set a Maximum Con 
taminant Level (MCL) for nitrate in drinking-water of 10 
mg/L as N. The USEPA has also proposed a nutrient crite 
rion concentration limit of 0.94 mg/L as N for total nitrate 
plus nitrite in rivers for Level III Ecoregion 53. Concentra 
tion limits of 10 mg/L as N have also been set by the WDNR 
for a water-quality MCL and by Canada as a Maximum 
Acceptable Concentration (MAC) in drinking water.

Sites with median nitrate concentrations in the upper 
quartile (including those with concentrations that exceeded 
the proposed USEPA nutrient criteria concentration of 
0.94 mg/L as N) were scattered throughout the MMSD plan 
ning area but were generally found in sub watersheds with 
median concentrations in the upper two quartiles (fig. 47).

Likewise, sites with median concentrations in the lower 
quartile were scattered throughout the planning area 
(fig. 47).

Subwatersheds with median nitrate concentrations in 
the upper quartile were Willow Creek, Upper Menomonee 
River, Wilson Park Creek, and the Lower Root River 
(fig. 47). Subwatersheds with median concentrations in the 
lower quartile were the Little Menomonee River, Under 
wood Creek, Milwaukee River Non-Contributing, and North 
Branch Oak Creek (fig. 47); however, of the four subwater- 
sheds, only the Little Menomonee River subwatershed had 
samples with concentrations above a reporting limit 
(table 19). A few samples from the Wilson Park Creek sub- 
watershed exceeded the USEPA drinking-water guideline 
concentration of 10 mg/L as N. Of the 24 Subwatersheds 
with nitrate data, 17 had one or more samples with concen 
trations that exceeded the USEPA proposed nutrient-crite 
rion concentration of 0.94 mg/L as N (fig. 48). The highest 
maximum concentrations were measured in Wilson Park 
Creek (10.70 mg/L as N), Little Menomonee River 
(7.94 mg/L as N), and Lower Menomonee River (7.11 mg/L 
as N) Subwatersheds (fig. 48, table 19). The highest median 
concentrations were measured in the Lower Root River 
(1.90 mg/L as N) and Wilson Park Creek (0.98 mg/L as N) 
Subwatersheds. These concentrations exceeded the proposed 
USEPA nutrient-criterion concentration of 0.94 mg/L as N 
(fig. 48, table 19).

There was distinct seasonality in the nitrate concentra 
tions at the five highlighted sites, with concentrations being 
lower in the summer and higher in the winter (fig. 49). This 
pattern likely reflects both a strong input function to surface 
waters during spring in addition to biological uptake in the 
summer.

Nitrate concentrations were minimal in the period from 
the late 1980s to the early 1990s at four of the five high 
lighted sites (No data were available for Lincoln Creek dur 
ing this time) (fig. 50). This pattern might be explained by 
relatively low rainfall and runoff during this period (the low 
est streamflows were in 1987 and 1988) that decreased direct 
and ground-water inputs of nitrate to surface waters relative 
to periods before and after.
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Figure 47. Sites sampled for nitrate in the Milwaukee Metropolitan Sewerage District (MMSD) planning area, Wis.
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Figure 49. Seasonality of nitrate for selected sites in the Milwaukee Metropolitan Sewerage District planning area, 1970-2002.
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Figure 50. Trends of nitrate for selected sites in the Milwaukee Metropolitan Sewerage District planning area, 1970-2002.
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Kjeldahl Nitrogen

Kjeldahl nitrogen is an operationally defined fraction of 
total nitrogen that is composed of organic nitrogen com 
pounds and ammonia. Even the participate forms are decom 
posed by way of autolytic and microbial pathways on short 
time scales (minutes to hours). Therefore, Kjeldahl nitrogen 
represents a very bioavailable pool of nitrogen for primary 
production.

Allochthonous sources of Kjeldahl nitrogen in streams 
and rivers include direct wet and dry precipitation, inputs of 
organic matter and detritus from the watershed, and ground 
water (probably much smaller amounts). In agricultural and 
urban areas, anthropogenic sources such as manure and sew 
age-treatment-plant effluents may dominate. Autochthonous 
sources include primary production and recycled nitrogen 
formed during organic-matter decomposition in water and 
sediments.

Sites with median Kjeldahl nitrogen concentrations in 
the upper quartile were concentrated in the southern part of 
the planning area (fig. 51). Sites with median concentrations

in the lower quartile were scattered throughout the planning 
area (fig. 51).

Subwatersheds with median Kjeldahl nitrogen concen 
trations in the upper quartile were Butler Ditch, Wilson Park 
Creek, Muskego Lake, Lower Root River, and Mitchell 
Field Drainage Ditch (fig. 51). Subwatersheds with the 
median concentrations in the lower quartile were Honey 
Creek, Middle Root River, Upper Oak Creek, and North 
Branch Oak Creek in the southern part of the planning area 
(fig. 51). The highest maximum concentrations were in 
Wilson Park Creek (560.00 mg/L as N) and Mitchell Field 
Drainage Ditch (170.00 mg/L as N) Subwatersheds (fig. 52, 
table 20). Likewise, the highest median concentrations also 
were measured in the Mitchell Field Drainage Ditch 
(18.50 mg/L as N) and Wilson Park Creek (2.58 mg/L as N) 
Subwatersheds (fig. 52, table 20).

There was no common trend or pattern in Kjeldahl 
nitrogen concentration with sample year or with season at 
the five highlighted sites (data not shown).
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Total Phosphorus

When scarcity of a nutrient is found to be limiting the 
growth of plants in freshwater, the nutrient is usually phos 
phorus because of the relatively large biochemical require 
ment for this element compared to the available supply. 
Therefore, even small increases in phosphorus can lead to 
large increases in biomass (assuming no other limitation). 
Within the stream, phosphorus exists in several organic and 
inorganic forms, ranging in size from filterable particles to 
colloidal phases to truly dissolved monomeric molecules. 
Total phosphorus is usually dominated by particle-associ 
ated phosphorus that is assimilated in biomass and detritus or 
sorbed to various mineral phases (iron oxyhydroxides, clays, 
and so on).

Allochthonous sources of phosphorus in streams 
include wet and dry atmospheric deposition, eroded sedi 
ment, living organic matter, and detritus (dead organic mat 
ter). Autochthonous sources are probably dominated by 
streambed-sediment resuspension. Streambed sediments are 
also a temporary, albeit dynamic, sink for total phosphorus 
in streams.

Total phosphorus (along with nitrogen, chlorophyll a, 
and turbidity) has been selected by the USEPA as a key 
nutrient criterion indicator in streams. Its importance is 
mainly that it can limit algal and plant growth. For rivers in 
the Level III, Ecoregion 53, a concentration of 0.08 mg/L as 
P was proposed as a maximum allowable limit.

Exceedences of the proposed total phosphorus criterion 
concentration occurred at sites throughout the MMSD plan 
ning area (fig. 53). Also, sites with median concentrations in

the upper quartile and in the lower quartile were scattered 
throughout the planning area (fig. 53).

Subwatersheds with median concentrations in the upper 
quartile were Whitnall Park Creeks, Mitchell Field Drainage 
Ditch, and Lower Root River (fig. 53). Subwatersheds with 
median concentrations in the lower quartile were the Little 
Menomonee River, Butler Ditch, Dousman Ditch, South 
Branch Underwood Creek, Milwaukee River Non-Contrib 
uting, and North Branch Oak Creek (fig. 53). Of those sub- 
watersheds, only samples from Butler Ditch had more than 
half of its concentrations above a reporting limit (table 21). 
All Subwatersheds other than those with median concentra 
tions in the lower quartile had one or more samples with a 
concentration above the USEPA proposed nutrient-criterion 
concentration of 0.08 mg/L as P (fig. 54). The highest maxi 
mum concentrations were measured in the Middle Oak 
Creek (4.000 mg/L as P), Kinnickinnic River (3.600 mg/L as 
P), and Lower Menomonee River (3.500 mg/L as P) sub wa 
tersheds (fig. 54, table 21). The highest median concentra 
tion of 0.350 mg/L as P was measured in the Whitnall Park 
Creeks subwatershed (fig. 54, table 21).

There were no consistent trends or patterns in total 
phosphorus concentrations either by sample year or with sea 
son at the five highlighted sites (data not shown). The 
absence of higher concentrations during the typical algal 
bloom periods of spring and fall (data not shown), as can be 
seen for chlorophyll a (fig. 84), suggests that inorganic phos 
phorus sorbed to suspended sediment is a major component 
of total phosphorus at these sites.
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88°07'30" 87°52 130"

EXPLANATION
Lakes
Subwatershed, median 
total phosphorus in 
milligrams per liter as 
phosphorus 

jj^H 0.004-0.039 

| | 0.040 - 0.072 

|*^ | 0.073-0.111 

jj^H 0.112-2.500

MMSD planning area 
~/~\J Watershed boundary

Subwatershed boundary
Streams
Sampling site, median
total phosphorus in
milligrams per liter as
phosphorus
0.004-0.039

• 1 -10 samples 

11 -100 samples

101 -1,575 samples

0.040-0.072

O 1-10 samples 

11 -100 samples

( j 101-1,575 samples

0.073-0.111

• 1-10 samples 

11 -100 samples

101 -1,575 samples

0.112-2.500

• 1 -10 samples 

11 -100 samples

101 -1,575 samples

Purple outline indicates 
median total phosphorus 
in milligrams per liter as 
phosphorus exceeding a 
guideline value 
> 0.080

O 1-10 samples 

11 -100 samples

101 -1,575 samples

Base composited from Southeastern Wisconsin Regional Planning Commission regional base 
map, 1:2,000,1995; U.S. Geological Survey digital line graph hydrography, 1:100,000,2001; Wisconsin 
Department of Natural Resources version 2 hydrography, 1:24,000,2002. Wisconsin Transverse 
Mercator Projection, referenced to North American Datum of 1983,1991 adjustment.

4 MILES

1 I
2 4 KILOMETERS

Figure 53. Sites sampled for total phosphorus in the Milwaukee Metropolitan Sewerage District (MMSD) planning 
area, Wis.
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Dissolved Phosphorus

In fresh water, absent of a physical limitation (for 
example, light), phosphorus is usually the nutrient that limits 
primary production, owing to the relatively large biochemi 
cal requirement for this element coupled with its relatively 
low available supply. Therefore, large increases in primary 
production, often termed "blooms," can result from rela 
tively small increases in phosphorus input (assuming no 
other limitation). Within the stream, dissolved phosphorus 
exists in several organic and inorganic forms and in a range 
of sizes from colloids to truly dissolved species. Algae can 
directly take up only the truly dissolved monomeric phos 
phate molecule (PO43~).

Allochthonous sources of dissolved phosphorus to 
streams include wet deposition and influent ground water, in 
addition to that derived from sediment and organic-matter 
inputs. Autochthonous sources of dissolved phosphorus are 
dominated by desorption from suspended and bed sediment, 
excretion by organisms, and release during organic-matter 
decomposition. Sinks for dissolved phosphorus include 
uptake by organisms and sorption onto suspended and 
streambed sediments.

There are no ambient water-quality standards for dis 
solved phosphorus in the MMSD planning area. Low or high

concentrations can exist under low or high primary produc 
tivity and so are not particularly instructive in that regard.

Many of the sites with median dissolved phosphorus 
concentrations in the upper quartile were in the Lower Mil 
waukee River subwatershed (fig. 55). Sites with median con 
centrations in the lower quartile were mainly in the south 
eastern part of the planning area (fig. 55).

Subwatersheds with median dissolved phosphorus con 
centrations in the upper quartile were Willow Creek, Little 
Menomonee River, and Lower Root River (fig. 55). The 
Honey Creek, Kinnickinnic River, Muskego Lake, Middle 
Root River, Upper Oak Creek, and Lower Oak Creek subwa- 
tersheds had median concentrations in the lower quartile 
(fig. 55). The highest maximum concentration of 3.000 mg/L 
as P was measured in the Upper Menomonee River subwa 
tershed (fig. 56, table 22). The highest median concentra 
tions were measured in the Little Menomonee River 
(0.059 mg/L as P), Willow Creek (0.057 mg/L as P), and 
Lower Root River (0.055 mg/L as P) subwatersheds (fig. 56, 
table 22).

There were no obvious seasonal patterns or long-term 
trends in dissolved phosphorus concentrations at the five 
highlighted sites (data not shown).
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88 07'30" 87°52'30"

43°15'

43°
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EXPLANATION
Lakes
Subwatershed, median 
dissolved phosphorus in 
milligrams per liter as 
phosphorus 

|. . . j 0.006-0.020 

| | 0.021 - 0.030 

| , 1 0.031 - 0.040 

|^| 0.041 - 0.530

MMSD planning area 
~/*\J Watershed boundary 
/~\J Subwatershed boundary

Streams
Sampling site, median
dissolved phosphorus in
milligrams per liter as
phosphorus
0.006-0.020

O 1-10 samples 

11 -100 samples

101 -1,450 samples

0.021 - 0.030 

O 1-10 samples 

11 -100 samples

101 -1,450 samples

0.031 - 0.040 

O 1-10 samples 

11 -100 samples

101 -1,450 samples

0.041-0.530

O 1 -10 samples 

11 -100 samples

101 -1,450 samples

Base composited from Southeastern Wisconsin Regional Planning Commission regional base 
map, 1:2,000,1995; U.S. Geological Survey digital line graph hydrography, 1:100,000,2001; Wisconsin 
Department of Natural Resources version 2 hydrography, 1:24,000,2002. Wisconsin Transverse 
Mercator Projection, referenced to North American Datum of 1983,1991 adjustment.
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Figure 55. Sites sampled for dissolved phosphorus in the Milwaukee Metropolitan Sewerage District (MMSD) 
planning area, Wis.



Fo
x

K
in

ni
ck

in
ni

c 
M

en
om

on
ee

M
ilw

au
ke

e
R

iv
er

 
R

iv
er

 
R

iv
er

 
10

 
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

—

C
L

CO ^ CL LL
J

I- _
l

DC LJ
J 

1
C

L
CO ^ DC O _

i 
_

i
^ Z

 
0.

1
co

"
=> DC 0 X C

L
CO 0 X C

L "r
 

0.0
1

Q LL
J

_
l O CO CO Q

0.
00

1 
—

—
—

—

- : 
5

—

i_
_i

4
,4

6
3

- ? — •f l_

• —
 I

_J

1
i

l

9
8

6

4
.3

9
2

6

EI
ZZ

]

2

i'i 
5

••'
••^

 '••

,

—
—

—
—

^
^
^
^

^
^
=

^
^

r
=

 
n — . . 

.•,

i_
_i

i— L
_

—
6 1

R
iv

er
O

ak
C

re
ek

8
,9

1
8

—
—

_
_

^
=

3
5

4
 

=

=
=

. ;

^
=

=

=
=

T
i

u

~

—
 I

jj
~

—
—

'—
 r^

I _

* 
:

96
1

—
—

—
—

—
—

 
4
9
2

R
oo

t
R

iv
er

_
_
 

—
—

 
2

3
8

^
=

 
—

—

i 
P

r~
~

i

.-• 
j

__
__

 
—

—

_
_

I

—
, —

 
•-.

,'.

—
—

 —
—

r~ i_

—
 i

_i

1
39

—

26 —
—

 
2

7
 

—
—

—

[ _
l

r~ i, •:. ]_

r~ ';' L i_

~n c

* 
s^

 
* 

* 
* 

^
 

^
 

x
 

^
 

s^
. 

^
 

< 
* 

x

\P
 

^
~

 
c
^
 

^
~

 
^
 

<^
~ 

c
^
 

c
^
 

<
^
 

r
<̂^3"

 
c
^
 

r?
^ 

^
~

 
^
~

 
,<

j^
~

sl
®

"^
 

vC
^1

 
O

?

^
 

^
r 

v?P
^

\
^

'
/
/
/

»*
 
^
 

,/
"

\P
 

C
^

<^
° 

^
o
^
 
^
 

O
'

*^
t^

 
*c

^ 
\C

r 
\

yV
•v

V
^/

rf
^

/
"
/
/

V
\s

' - _ -

E
X

P
LA

N
A

TI
O

N

10
6 

N
um

be
r o

f s
am

pl
es

Da
ta

 v
al

ue
 1 

.5 
to

 3
.0

 ti
m

es
 th

e 
IQ

R
ou

ts
id

e 
th

e 
bo

x
^
^
 

La
rg

es
t d

at
a 

va
lu

e 
w

ith
in

 1 
.5 

tim
es

1 
1 

' 
th

e 
IQ

R 
ab

ov
e 

th
e 

bo
x

—
—

 
M

ed
ia

n 
(5

0t
h 

pe
rc

en
til

e)
 
^
^
5

 "I
Q

J

M
—

^ 
25

th
 p

er
ce

nt
ile

 
_
l

i 
| 

i 
S

m
al

le
st

 d
at

a 
va

lu
e 

w
ith

in
 1

 .5
 t

im
e

s 
th

e 
IQ

R
 b

e
lo

w
 t
h

e
 b

ox

R
ep

or
tin

g 
lim

its
 f

or
 

so
m

e 
an

al
ys

es
 w

er
e:

0
.0

0
4
,0

.0
0
6
,0

.0
1
,0

.0
1
1
,0

.0
2
,

0.
05

 m
ill

ig
ra

m
s 

pe
r 

lit
er

 a
s 

P

C
/9

CD Q>
 

C
O

 
CD S 2 Q

)

S
U

B
W

A
T

E
R

S
H

E
D

Fi
gu

re
 5

6.
 S

ta
tis

tic
al

 d
is

tri
bu

tio
n 

of
 d

is
so

lv
ed

 p
ho

sp
ho

ru
s 

co
nc

en
tra

tio
ns

 in
 th

e 
M

ilw
au

ke
e 

M
et

ro
po

lit
an

 S
ew

er
ag

e 
D

is
tri

ct
 p

la
nn

in
g 

ar
ea

, 
19

70
-2

00
2.

Q
)

g V
)

O o



Ta
bl

e 
22

. 
S

um
m

ar
y 

st
at

is
tic

s 
fo

r 
di

ss
ol

ve
d 

ph
os

ph
or

us
, 

by
 c

at
eg

or
y,

 fo
r t

he
 M

ilw
au

ke
e 

M
et

ro
po

lit
an

 S
ew

er
ag

e 
D

is
tri

ct
 p

la
nn

in
g 

ar
ea

, 
19

70
-2

00
2

[M
M

SD
, 

M
ilw

au
ke

e 
M

et
ro

po
lit

an
 S

ew
er

ag
e 

D
is

tr
ic

t; 
U

SG
S,

 U
.S

. 
G

eo
lo

gi
ca

l 
Su

rv
ey

; 
ST

O
R

E
T

, 
ST

O
ra

ge
 a

nd
 R

E
T

ri
ev

al
 S

ys
te

m
; 

—
, n

o 
da

ta
 a

va
ila

bl
e;

 v
al

ue
s 

ar
e 

ex
pr

es
se

d 
in

 m
ill

ig
ra

m
s 

pe
r 

lit
er

 a
s 

ph
os

ph
or

us
 (

m
g/

L
 a

s 
P)

; 
va

lu
es

 r
ou

nd
ed

 to
 t

he
 n

ea
re

st
 th

ou
sa

nd
th

; 
fo

r 
th

e 
pu

rp
os

e 
of

 s
ta

tis
tic

al
 c

al
cu

la
tio

ns
, 

va
lu

es
 r

ep
or

te
d 

be
lo

w
 a

 re
po

rt
in

g 
lim

it 
ar

e 
se

t a
t 

on
e-

ha
lf

 th
e 

re
po

rt
in

g-
li

m
it

 v
al

ue
; 

so
m

e 
va

lu
es

 b
el

ow
 t

he
 r

ep
or

tin
g 

lim
it 

w
er

e 
re

po
rt

ed
 a

s 
ze

ro
]

W
at

er
sh

ed

Fo
x 

R
iv

er

K
in

ni
ck

in
ni

c 
R

iv
er

M
en

om
on

ee
 R

iv
er

M
ilw

au
ke

e 
R

iv
er

O
ak

 C
re

ek

R
oo

t R
iv

er

Su
bw

at
er

sh
ed

M
us

ke
go

 L
ak

e

K
in

ni
ck

in
ni

c 
R

iv
er

H
on

ey
 C

re
ek

L
itt

le
 M

en
om

on
ee

R
iv

er

L
ow

er
 M

en
om

on
ee

R
iv

er

U
pp

er
 M

en
om

on
ee

R
iv

er

W
ill

ow
 C

re
ek

L
in

co
ln

 C
re

ek

L
ow

er
 M

ilw
au

ke
e

R
iv

er

L
ow

er
 O

ak
 C

re
ek

M
id

dl
e 

O
ak

 C
re

ek

U
pp

er
 O

ak
 C

re
ek

L
ow

er
 R

oo
t R

iv
er

M
id

dl
e 

R
oo

t R
iv

er

U
pp

er
 R

oo
t R

iv
er

0> 0> 1 subwat i? Q
.

CO
 

£ 4 5 1 1 6 3 1 5 16 4 2 1 1 1 4

tn "5 CO s. o S "o c 3
 

O O

0

4,
46

3 0 0

4,
39

2

98
6 0

31
9

8,
70

6

96
1

49
2

23
8 26 27 10
9

CO
 

CO Q
)

O D Q C o o 3 0 2 6 0 0 6 35 21
2 0 0 0 0 0 0

tn "5 CO s. W
 

DC ^^ O c 3 O o 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0

±! 3
 

CO Q
) "co c 3 o o 5

4,
46

3 2 6

4,
39

2

98
6 6

35
4

8,
91

8

96
1

49
2

23
8 26 27 10
9

0>
 

—
3
 

D
)

ier of
 

val
 re

portin CO
E

 
> S .Q 1

46 0 0 14 13 0 30 65 41 10 9 2 8 25

^ *•
• E D
) r 0)
 

DC

0.
00

4

0.
01

1,
0.

02

- .. 0.
01

1,
0.

02

0.
01

1,
0.

02

- 0.
01

,0
.0

11
,

0.
02

0.
00

6,
 0

.0
1,

0.
01

1,
0.

02
, 

0.
05

0.
01

1,
0.

02

0.
01

1,
0.

02

0.
01

1,
0.

02

0.
02

0.
01

1,
0.

02

0.
01

1,
0.

02

1 0> Q
.

CO
 

CO w .2 ~ CO
 

U
J

12
/1

7/
19

87

06
/0

4/
19

80

07
/1

0/
19

95

05
/2

4/
20

01

06
/0

4/
19

80

05
/2

4/
19

82

05
/2

4/
20

01

04
/1

6/
19

93

09
/2

0/
19

77

03
/2

1/
19

85

03
/2

1/
19

85

03
/2

1/
19

85

08
/2

5/
19

99

08
/2

5/
19

99

08
/2

5/
19

99

i 0> Q
. E +-

J 0) •t
-

09
/2

0/
20

00

11
/2

7/
20

01

07
/1

1/
19

95

10
/1

8/
20

01

11
/2

7/
20

01

11
/2

7/
20

01

10
/1

8/
20

01

11
/2

7/
20

01

11
/2

7/
20

01

11
/1

9/
20

01

11
/1

9/
20

01

11
/1

9/
20

01

10
/1

0/
20

01

10
/1

0/
20

01

10
/1

0/
20

01

E 3 E 'E i 0.
00

2

.0
02

.0
10

.0
26

.0
02

.0
03

.0
25

.0
03

.0
02

.0
03

.0
03

.0
03

.0
10

.0
06

.0
06

— percen
t

£ 3 "^ 0.
00

5

.0
10

.0
11

.0
39

.0
10

.0
10

.0
35

.0
10

.0
10

.0
07

.0
10

.0
08

.0
29

.0
10

.0
10

— § s. £ K CM 0.
00

9

.0
10

.0
13

.0
52

.0
20

.0
20

.0
44

.0
20

.0
20

.0
10

.0
10

.0
10

.0
40

.0
10

.0
10

c .C
O 0> 0.
01

0

.0
20

.0
15

.0
59

.0
30

.0
30

.0
57

.0
40

.0
30

.0
20

.0
30

.0
20

.0
55

.0
20

.0
30

c CO
 

0> 0.
16

0

.0
33

.0
15

.0
56

.0
40

.0
50

.0
57

.0
57

.0
46

.0
28

.0
35

.0
25

.0
74

.0
36

.0
49

— § s. £ K K 0.
24

8

.0
40

.0
18

.0
68

.0
50

.0
60

.0
73

.0
72

.0
60

.0
30

.0
40

.0
30

.0
82

.0
59

.0
65

1 i £ S 0
) 0.
41

7

.0
70

.0
19

.0
71

.0
74

.0
94

.0
80

.1
30

.0
98

.0
55

.0
70

.0
50

.1
50

.0
85

.1
12

E 3 '>
< CO 0.
53

0

1.
01

0

.0
20

.0
73

.9
70

3.
00

0

.0
85

.3
60

1.
33

0

1.
15

0

.2
30

.1
70

.2
10

.1
30

.3
10

f 55
'

a CO





Trace Elements 119

Trace Elements

Detection of trace elements in surface water, sediment, 
and tissues can be a result of not only inputs from the natural 
landscape but also from anthropogenic processes that con 
tribute these elements to the streams.

Sediment provides habitat and a food source for a wide 
variety of benthic organisms. Exposure to certain substances 
in sediments, such as trace elements, can potentially be a sig 
nificant hazard to the health of the benthic organisms and 
other species in the food chain above them. The Canadian 
Council of Ministers of the Environment (2002a) have estab 
lished Sediment Quality Guidelines (SQGs) for the protec 
tion of aquatic life that provide a reference point for assess 
ing the likelihood for observing adverse biological effects 
(Canadian Council of Ministers of the Environment, 2001). 
The formal protocol used to derive SQGs relies both on a 
modification of Canada's national status and trends program 
and spiked-sediment toxicity tests. Canada's Interim Sedi 
ment Quality Guidelines (ISQG) are recommended if infor 
mation is available to support only one approach (Canadian 
Council of Ministers of the Environment, 2001). Concentra 
tions below the ISQG are not expected to show any signifi 
cant effects on aquatic life. The Canadian Probable Effect 
Level (PEL) is the concentration above which adverse bio 
logical effects are expected to appear frequently. The effects 
on aquatic life when concentrations fall between the ISQG 
and the PEL are unknown. Also referred to in this report is 
the MacDonald scale (MacDonald and others, 2000). Mac- 
Donald's thresholds are the Threshold Effect Concentration 
(TEC), below which adverse effects are not expected, and 
Probable Effect Concentration (PEC), at or above which 
adverse effects are expected. When concentrations fall 
between the MacDonald TEC and PEC the potential effects 
on aquatic life are unknown. The implications of the sedi 
ment guidelines for the Canadian and MacDonald scales are 
similar although they have different values for the "thresh 
old" and "probable" effect levels. Concentrations below the 
"threshold" level are not expected to effect aquatic life, con 
centrations between the "threshold" and "probable" levels 
have unknown effects, and effects on aquatic life are 
expected at concentrations above the "probable" level.

Very few data points exist for trace elements in tissue 
(typically fish or macroinvertebrate) in the MMSD Corridor 
database, so tissue contamination will not be discussed in 
this report. Many concentrations for trace elements in water 
were below a specified reporting limit; however, for many 
trace elements, the reporting limit was relatively high. 
Because of the large amount of data below a reporting limit 
and high reporting limits, no maps of trace elements in water 
or statistical distribution figures were created, and summary- 
statistic tables contain only a subset of the usual information. 
Also, because of the small number of samples, no trends or 
seasonality analysis was done for trace elements in sediment 
or water.
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Cadmium

Cadmium is found to some extent in all soils and rocks, 
including coal and mineral fertilizers. Common sources of 
cadmium input to water include dissolution of galvanized 
pipes, erosion of soils and rocks, and point and nonpoint 
sources. During 1987-93, Wisconsin ranked as one the top 
seven states in the release of cadmium to land (U.S. Environ 
mental Protection Agency, 2002b).

Most cadmium used in the United States is extracted 
during the smelting of copper, zinc, and lead. Anthropogenic 
uses of cadmium include electroplating and coating, pig 
ments in paint and plastics, batteries (nickel-cadmium and 
solar), machinery and baking enamels, and fluorescent light 
tubes. Cadmium binds tightly to soil particles and does not 
break down in the environment, but it may change form 
(Agency for Toxic Substances and Disease Registry, 1999b).

The Canadian drinking-water MAC guideline, WDNR 
MCL, and USEPA MCL for cadmium in drinking water are 
all the same, 5 (ig/L. The USEPA MCL was based on the 
possibility of kidney, liver, bone, and blood damage from 
long-term exposure to cadmium concentrations above the 
MCL. The Canadian water-quality guideline for the protec 
tion of aquatic life is 0.017 (ig/L.

Reporting limits for cadmium in water were well above 
the Canadian aquatic life guideline of 0.017 (ig/L; therefore, 
all results reported above a reporting limit were also above 
the guideline concentration. Subwatersheds with maximum 
concentrations above the USEPA, WDNR, and Canadian 
drinking-water guideline concentration of 5 (ig/L were the 
Lower Milwaukee River (942.00 jig/L), Kinnickinnic River 
(60.00 (ig/L), and Lower Menomonee River (41.00 (ig/L), 
Lower Oak Creek (14.00 (ig/L), Mitchell Field Drainage 
Ditch (12.00 (ig/L), Middle Oak Creek (11.00 (ig/L), Upper

Menomonee River (9.00 (ig/L), Underwood Creek 
(9.00 (ig/L), Upper Oak Creek (8.00 (ig/L), and Wilson Park 
Creek (5.60 (ig/L) (table 23). No subwatersheds had median 
concentrations above the drinking-water guideline 
(table 23).

The ISQG for cadmium in sediment was set at 0.6 (ig/g, 
and the PEL was 3.5 (ig/g. MacDonald recommends a TEC 
of 0.99 (ig/g and PEC of 4.98 (ig/g for cadmium in sediment.

Most sites with exceedences of the PEL for cadmium in 
sediment (3.5 |ig/g) were clustered near the confluence of the 
Milwaukee, Menomonee, and Kinnickinnic Rivers (fig. 57). 
Sites with median concentrations in the upper quartile were 
also clustered near the confluence of the three rivers (fig. 
57). Sites with median concentrations in the lower quartile 
were scattered around the planning area (fig. 57).

No subwatersheds had median cadmium in sediment 
concentrations in the upper quartile (fig. 57). The Upper 
Menomonee River, Little Menomonee Creek, Lilly Creek, 
Lincoln Creek, Muskego Lake, and Middle Root River sub- 
watersheds had median concentrations in the lower quartile 
(fig. 57). One or more samples in the Little Menomonee 
River, Lower Menomonee River, Lower Milwaukee River, 
and Kinnickinnic River subwatersheds exceeded either the 
PEC or the PEL (4.98 (ig/g, 3.5 (ig/g) (fig. 58, table 24). The 
highest median concentrations, all above the PEL, were mea 
sured in the Kinnickinnic River (4.4 (ig/g), Little Menom 
onee River (4.0 (ig/g), Lower Menomonee River (3.9 (ig/g) 
subwatersheds (fig. 58, table 24). At least one concentration 
in the Lower Menomonee River, Upper Menomonee River, 
Lower Milwaukee River, and Muskego Lake subwatersheds 
fell below the ISQG or the TEC (0.6 (ig/g, 0.99 (ig/g) 
(fig. 58, table 24).
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126 Water-Resources-Related Information for the Milwaukee Metropolitan Sewerage District Planning Area, Wisconsin

Mercury

There are 3 forms of mercury—elemental, methyl, and 
inorganic. Mercury released to the environment is usually in 
elemental, or inorganic forms. Biological processes change 
the chemical form of mercury to the organic form (methyl- 
mercury), which is the more toxic form found in aquatic spe 
cies (U.S. Environmental Protection Agency, 2002d). 
Methyl-mercury bioaccumulates in (builds up in the tissues 
of) fish, birds, and mammals (Agency for Toxic Substances 
and Disease Registry, 2003), and is biomagnified up the food 
chain. Mercury is the leading contaminant-related human- 
health advisory in the United States, accounting for almost 
80 percent of all fish-consumption advisories.

Mercury enters the environment from natural and 
anthropogenic sources. Natural sources include volcanoes, 
natural mercury deposits, and volatilization from the ocean. 
Anthropogenic sources include coal combustion, chlorine 
alkali processing, waste incineration, and metal processing. 
Best estimates to date suggest that human activities have 
doubled or tripled the amount of mercury in the atmosphere 
and that the atmospheric burden is increasing by about 
1.5 percent per year. (U.S. Geological Survey Mercury 
Studies Team, 2003a). Analyses of sediment cores show that 
sediments deposited since the industrial revolution have 
mercury concentrations 3 to 5 times those of the pre-indus- 
trial sediments (U.S. Geological Survey Mercury Studies 
Team, 2003a). The highest atmospheric deposition rates in 
the United States occur in the southern Great Lakes, Ohio 
Valley, the Northeast, and parts of the Southeast. Globally, 
the United States contributes about 3 percent to the environ 
ment, but approximately two-thirds of this is transported out 
side our borders. Approximately 60 percent of the mercury 
deposition comes from domestic anthropogenic sources, 
with the remainder coming from foreign anthropogenic 
sources, re-emitted mercury from historic sources, and 
natural sources (U.S. Environmental Protection Agency, 
2000b).

Many changes have taken place with mercury analysis 
and collection techniques since the late 1980s. Analysis now 
can accurately quantify aqueous mercury samples at the sub- 
parts-per-trillion range. Newer generation analytical instru 
mentation have allowed the development of analytical meth 
ods for environmentally relevant forms of mercury, includ 
ing gaseous elemental mercury and methyl-mercury. New 
cleaning and field methodology have been developed to

address sample contamination at these very low levels of 
detection. (U.S. Geological Survey Mercury Studies Team, 
2003b).

The USEPA MCL for mercury is in response to poten 
tial kidney damage at concentrations above the MCL. 
WDNR and USEPA MCL are both 2 jig/L and the Canadian 
guideline for the protection of aquatic species is 0.1 |ig/L.

Many reporting limits for mercury in water were above 
the Canadian aquatic life criterion of 0.1 |ig/L, and therefore 
many concentrations above a reporting limit exceeded the 
guideline concentration (table 25). No samples exceeded the 
USEPA and WDNR drinking-water guideline of 2 |ig/L 
(table 25). The Lower Milwaukee River subwatershed had 
the highest maximum concentration of 1.500 jig/L 
(table 25). The highest median concentrations of 0.100 (ig/L 
were measured in the Lower Menomonee River and Upper 
Menomonee River subwatersheds; however, the majority of 
results for both subwatersheds were below a reporting limit 
(table 25).

Sediment-quality guidelines for mercury are ISQG, 
0.17 (ig/g; TEC, 0.18 (ig/g; PEL, 0.486 (ig/g; and PEC, 
1.06(ig/g.

Most sites with exceedences of the PEL for mercury in 
sediment (0.486 JJ-g/g) were clustered near the confluence of 
the Milwaukee, Menomonee, and Kinnickinnic Rivers 
(fig. 59). Sites with median concentrations in the upper quar- 
tile were also clustered near the confluence of the three rivers 
(fig. 59). Sites with median concentrations in the lower quar- 
tile were scattered around the planning area (fig. 59).

No subwatersheds had median mercury concentrations 
in sediment in the upper quartile (fig. 59). The Little Meno 
monee Creek, Lilly Creek, Lincoln Creek, and Middle Root 
River subwatersheds had median concentrations in the lower 
quartile (fig. 59). The highest maximum concentrations, 
which were above either the PEC or PEL (1.06 |Ug/g, 
0.486 (ig/g), were measured in the Lower Menomonee River 
(3.550 |ig/g), Lower Milwaukee River (3.350 |ig/g), and 
Kinnickinnic River (3.150 (ig/g) subwatersheds (fig. 60, 
table 26). The highest median concentration of 0.460 jig/g 
was measured in the Lower Menomonee River (fig. 60, 
table 26). Samples collected in the Lilly Creek, Little Meno 
monee Creek, Lincoln Creek, and Middle Root River subwa 
tersheds all had concentrations below either the ISQG or 
TEC (0.17 (ig/g, 0.18 |ig/g) (fig. 60, table 26).
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Figure 59. Sites sampled for mercury in sediment in the Milwaukee Metropolitan Sewerage District (MMSD) 
planning area, Wis.
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132 Water-Resources-Related Information for the Milwaukee Metropolitan Sewerage District Planning Area, Wisconsin

Copper

Copper is an essential element in plant and animal 
metabolism. Metallic copper is used for money, electrical 
wiring, and plumbing. Copper is mixed with other metals to 
make brass and bronze. Copper occurs in the Earth's crust as 
a metal. Copper does not break down in the environment. 
Copper salts are used in small amounts in water-supply res 
ervoirs to discourage the excessive growth of algae. Other 
anthropological sources from copper are pesticide sprays, 
combustion of fossil fuels, and as preservatives for wood, 
leather, and fabrics. Because of its widespread use, copper is 
more likely to be in ground and surface water than its low 
average abundance in rocks might imply (Hem, 1985). Con 
centrations of copper in bed sediment is well correlated with 
population density (Rice, 1999).

The USEPA established an MCL for copper in water 
because of stomach distress (short-term exposure) and pos 
sible damage to liver and kidneys from long-term exposure. 
The USEPA MCL and WDNR MCL are both 1,300 |ig/L, 
and the Canadian drinking water AO is 1,000 fig/L. The 
Canadian standard for the protection of aquatic life is 2- 
4|ig/L.

Most reporting limits for copper in water were above 
the Canadian aquatic life guideline of 2-4 |lg/L, and there 
fore most concentrations with data above a reporting limit 
exceeded the guideline concentration (table 27). No maxi 
mum concentrations of copper in water exceeded any drink 
ing-water standard (table 27). The highest maximum con 
centrations were measured in the Lower Menomonee River 
(600.0 uvg/L) and Lower Milwaukee River (478.0 |ig/L) sub- 
watersheds (table 27). The highest median concentrations

were in the Underwood Creek (19.0 |Ag/L) and Lincoln 
Creek (10.0 (ig/L) subwatersheds (table 27). Median concen 
trations in all other subwatersheds were below 10.0 |ig/L 
(table 27).

Sediment quality guidelines for copper are TEC, 
31.6 ng/g; ISQG, 35.7 ^g/g; PEC, 149 ^g/g; and PEL, 
197 |ig/g.

Most sites with exceedences of the PEC for copper in 
sediment (149 |ig/g) were clustered near the confluence of 
the Milwaukee, Menomonee, and Kinnickinnic Rivers 
(fig. 61). Sites with median concentrations in the upper quar- 
tile also were clustered near the confluence of the three rivers 
(fig. 61). Sites with median concentrations in the lower quar- 
tile were in the northern part of the planning area (fig. 61).

The Lower Menomonee River and Little Menomonee 
River subwatersheds had median copper concentrations in 
sediment in the upper quartile (fig. 61). The Upper Menom 
onee River, Little Menomonee Creek, Lilly Creek, and Lin 
coln Creek subwatersheds had median concentrations in the 
lower quartile (fig. 61). The highest maximum concentration 
of 254.0 |ig/g in the Lower Menomonee River subwatershed 
exceeded both the PEL and the PEC (197 |ig/g, 149 |ig/g) 
(fig. 62, table 28). The highest median concentration of 
140.0 |ig/g was measured in the Lower Menomonee River 
and Little Menomonee River subwatersheds (fig. 62, 
table 28). The only sample collected in the Little Menom 
onee Creek subwatershed had a concentration of 29.0 |ig/g, 
which was below the ISQG and the TEC (35.7 |ig/g, 31.6 
|ig/g) (fig. 62, table 28).
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Lead

Lead is a naturally occurring metal, but most lead found 
in aquatic systems is from anthropogenic sources. Lead was 
historically used in household plumbing and service lines to 
the home and is still present in many older homes. Another 
plumbing source is in some solder used for copper pipes. 
Today, most of the new anthropogenic lead additions to the 
environment are derived from material sources such as 
paper, plastics, and ceramics. Point sources of lead to aquatic 
systems include industrial effluents, municipal wastewater 
effluent, stack emissions, and fossil-fuel combustion. Lead 
concentrations have declined with the removal of leaded gas 
oline (Callendar and Rice, 2000). Concentrations of lead are 
well correlated with population density (Rice, 1999). From 
1987 to 1993, Wisconsin was in the top 10 states in release 
of lead to land and water (U.S. Environmental Protection 
Agency, 2002c).

The Treatment Techniques Action Level (TTAL) for 
the WDNR and the USEPA MCL are both 15 jig/L for lead 
in water. If the TTAL concentration is exceeded, water treat 
ments are required (Wisconsin Department of Natural 
Resources, 2003b). The USEPA MCL was established 
because of potential health concerns related to physical and 
mental development in infants and potential kidney prob 
lems and high blood pressure in adults. The Canadian drink 
ing-water guideline is 10 jig/L, and the Canadian guideline 
for the protection of aquatic health is 1-7 |ig/L.

Many reporting limits were above the Canadian aquatic 
life guideline concentration of 1-7 |ig/L for lead in water, 
and therefore most concentrations above a reporting limit 
exceeded the guideline (table 29). All maximum concentra 
tions exceeded the USEPA and WDNR drinking-water 
guideline of 15 |lg/L and the Canadian drinking-water guide 
line concentration of 10 |J.g/L, with the highest maximums 
measured in the Lower Menomonee River (2,200.0 Jig/L)

and Kinnickinnic River (1,400.0 jig/L) subwatersheds 
(table 29). Median concentrations in the Underwood Creek 
(24.5 Jig/L), Lower Menomonee River (19.0 |ig/L), Kin 
nickinnic River (17.0 jig/L), Middle Oak Creek (16.0 jig/L), 
Upper Oak Creek (16.0 Jig/L), Lower Oak Creek 
(15.0 Jig/L), and Lower Milwaukee River (15.0 Jig/L) sub- 
watersheds met or exceeded water-quality guideline concen 
trations (table 29).

Sediment-quality guidelines for lead are the ISQG, 
35.0 |ig/g; TEC, 35.8 |ig/g; PEL, 91.3 |ig/g; and PEC, 
128 jig/g.

Most sites with exceedences of the PEL for lead in sed 
iment (91.3 Jig/g) were clustered near the confluence of the 
Milwaukee, Menomonee, and Kinnickinnic Rivers (fig. 63). 
Sites with median concentrations in the upper quartile were 
also clustered near the confluence of the three rivers 
(fig. 63). Sites with median concentrations in the lower quar 
tile were scattered around the planning area (fig. 63).

The Honey Creek sub watershed had a median lead con 
centration in the upper quartile (fig. 63). The Upper Menom 
onee River, Little Menomonee Creek, Lilly Creek, Lincoln 
Creek, Muskego Lake, and Middle Root River subwater 
sheds had median concentrations in the lower quartile 
(fig. 63). The highest maximum concentrations, all above 
the PEC of 128 mg/g, were measured in the Honey Creek 
(4,100.0 mg/g), Lower Menomonee River (610.0 mg/g), 
Kinnickinnic River (530.0 mg/g), Lower Milwaukee River 
(350.0 mg/g), and Little Menomonee River (260.0 mg/g) 
subwatersheds (fig. 64, table 30). The highest median con 
centrations were found in these subwatersheds as well (fig. 
64, table 30). Concentrations for all samples collected in the 
Muskego Lake, Little Menomonee Creek, and Middle Root 
River subwatersheds were below either the ISQG or TEC 
(35.0 mg/g, 35.8 mg/g) (fig. 64, table 30).
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Arsenic

Sources of arsenic in surface water and sediments can 
be both natural and anthropogenic. Geologic sources of 
arsenic include sorbed arsenic in iron oxide coatings on min 
erals and impurities in pyrite and other metal sulfides, espe 
cially rock that contains iron and copper. Anthropogenic 
sources of arsenic include wood preservatives, glass produc 
tion, poultry and swine feed production, semiconductor 
manufacturing and petroleum refining (U.S. Environmental 
Protection Agency, 2003b; Welch and others, 2000). Pres 
ently about 90 percent of all arsenic produced is used for 
wood preservative as chromated copper arsenate (Agency 
for Toxic Substances and Disease Registry, 1999a). Prior to 
being banned in the 1990s, pesticide application of lead 
arsenate (primarily) on fruit orchards was the dominant use 
of inorganic arsenic.

Arsenic is considered a highly undesirable impurity in 
water supplies because in small amounts it can be toxic to 
humans (Hem, 1985). The USEPA MCL for arsenic was 
established because of the possible health effects related to 
exposure above the MCL. These health effects include skin 
damage, circulatory system problems, and an increased risk 
of cancer. The USEPA revised its MCL for arsenic in drink 
ing water from 50 |lg/L to 10 |ig/L in January 2001. Public 
water supplies must comply with the new standard beginning 
January 2006 (U.S. Environmental Protection Agency, 
2003a). The WDNR maintains a MCL of 50 jig/L. Canada 
has an Interim Maximum Acceptable Concentration (IMAC) 
of 25 jag/L and an aquatic life criterion of 5 |ig/L.

Some reporting limits were above the Canadian aquatic 
life guideline concentration of 5 Jig/L for arsenic in water, 
and therefore any data above a reporting limit may have 
exceeded the guideline concentration (table 31). Subwater- 
sheds with maximum concentrations that exceeded the 
aquatic guideline of 5 |ig/L were the Upper Menomonee 
River (52.0 jig/L), Lincoln Creek (15.2 (ig/L), Lower Mil 
waukee River (14.0 |lg/L), Kinnickinnic River (9.5 jig/L), 
Lower Oak Creek (9.1 \ig/L), Upper Root River (5.5 (ig/L), 
and Lower Menomonee River (5.4 |ig/L) (table 31). Of these 
subwatersheds, the Upper Menomonee River maximum con

centration exceeded the Canadian interim drinking-water 
guideline concentration of 25 jig/L and the current USEPA 
and WDNR drinking water-quality guideline of 50 |ig/L 
(table 31). Also, the maximum concentrations measured in 
Upper Menomonee River, Lincoln Creek, and Lower Mil 
waukee River exceeded the new USEPA drinking-water 
standard of 10 |ig/L that will take affect in January 2006 
(table 31). Median concentrations were comparatively low 
and affected by reporting-limit concentrations in most cases 
(table 31).

Canada has an ISQG of 5.9 |ig/g and a PEL of 
17.0 jig/g. A TEC of 9.79 jig/g and a PEC of 33.0 ^g/g were 
recommended by MacDonald for arsenic in sediment.

Almost all sites with exceedences of the PEL for 
arsenic in sediment (17.0 |ig/g) were clustered near the con 
fluence of the Milwaukee, Menomonee, and Kinnickinnic 
Rivers (fig. 65). Sites with median concentrations in the 
upper quartile were also clustered near the confluence of the 
three rivers and also located in the Little Menomonee Creek 
and Lilly Creek subwatersheds (fig. 65). Sites with median 
concentrations in the lower quartile were scattered around 
the planning area (fig. 65).

The Little Menomonee Creek and Lilly Creek subwa 
tersheds had median arsenic concentrations in sediment in 
the upper quartile (fig. 65). The Upper Menomonee River, 
Lincoln Creek, and Middle Root River subwatersheds had 
median concentrations in the lower quartile (fig. 65). The 
concentration of arsenic of 38.0 mg/g measured in the Little 
Menomonee Creek subwatershed (the only sample collected 
in the subwatershed) was the highest recorded, exceeding 
both the PEC and the PEL (33.0 mg/g, 17.0 mg/g) (fig. 66, 
table 32). The maximum concentration measured in the 
Lower Menomonee River subwatershed, 25.0 mg/g, 
exceeded the PEL of 17.0 mg/g (fig. 66, table 32). The con 
centrations of all samples collected in the Lincoln Creek, 
Upper Menomonee River, and Middle Root River subwater 
sheds were below the ISQG and the TEC (5.9 mg/g, 
9.79 mg/g) (fig. 66, table 32).
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Chromium

Chromium is present in the environment in several 
forms. The most common forms are chromium 0, chromium 
III (trivalent), and chromium VI (hexavalent) (Agency for 
Toxic Substances and Disease Registry, 1999c). Chromium 
occurs mostly as chrome iron ore and is widely distributed in 
soils and plants, but it is rare in natural waters. Concentra 
tions of chromium in natural waters not affected by waste 
disposal are commonly less than 10 |ig/L (Hem, 1985). 
Anthropogenic sources of chromium include stainless steel, 
protective coatings on metals as a rust inhibitor, wearing 
down of asbestos brake lining on automobiles, pigments for 
paints, cement, paper, rubber, composition flooring, chemi 
cal synthesis, industrial water treatment (electroplating, 
leather tanning, and textile industries), astringents and anti 
septics, and emissions from cooling towers (treated with rust 
inhibitors). Most chromium in surface water is paniculate, 
very persistent, and ultimately deposited into sediments.

Because of potential for skin irritation, the USEPA and 
WDNR have a MCL of 100 |ig/L for drinking water. The 
Canadian drinking-water guidelines has a lower MCL of 
50 |ig/L, and the Canadian water-quality guidelines for the 
protection of aquatic life has two standards: trivalent chro 
mium, 8.9 (ig/L; and hexavalent chromium, 1.0 jig/L.

Many reporting limits for chromium in water were 
above the Canadian aquatic life criterion of 1.0 |ig/L hexava 
lent chromium and 8.9 |ig/L trivalent chromium, and there 
fore concentrations above a reporting limit likely exceeded 
the guideline concentrations (table 33). Maximum concen 
trations in the Lower Milwaukee River (8,866.4 |ig/L), 
Lower Menomonee River (600.0 |ig/L), and Kinnickinnic 
River (581.0 |ig/L) exceeded the USEPA and WDNR drink 
ing-water guideline of 100 |ig/L (table 33). In addition to

these sites, maximum concentrations in the Upper Menom 
onee River (90.0 (Ig/L), Upper Root River (84.0 |ig/L), Mid 
dle Root River (72.0 (Ig/L), Lower Root River (69.0 (Ig/L), 
Underwood Creek (60.0 |ig/L), and Lincoln Creek 
(51.0 |ig/L) subwatersheds exceeded the Canadian drinking- 
water guideline of 50 |ig/L (table 33). No median concentra 
tions exceeded a drinking-water guideline (table 33).

Sediment-quality guidelines for chromium are ISQG, 
37.3 (ig/g; TEC, 43.4 (ig/g; PEL, 90 (ig/g; and PEC, 
lll|ig/g.

All sites with exceedences of the PEL for chromium in 
sediment (90.0 |ig/g) were clustered near the confluence of 
the Milwaukee, Menomonee, and Kinnickinnic Rivers 
(fig. 67). Sites with median concentrations in the upper quar- 
tile were also clustered near the confluence of the three rivers 
(fig. 67). Sites with median concentrations in the lower quar- 
tile were scattered around the planning area but not located 
near the confluence of the three rivers (fig. 67).

The Kinnickinnic River subwatershed had a median 
chromium in sediment concentration in the upper quartile 
(fig. 67). Upper Menomonee River, Little Menomonee 
Creek, Lilly Creek, Lincoln Creek, and Middle Root River 
subwatersheds had median concentrations in the lower quar 
tile (fig. 67). Maximum exceedences above either the PEC or 
PEL (111 |ig/g, 90.0 (ig/g) were measured in the Lower 
Menomonee River, Lower Milwaukee River, and Kinnickin 
nic River subwatersheds (fig. 68, table 34). Concentrations 
for all samples in the Lilly Creek, Little Menomonee Creek, 
Lincoln Creek, and Middle Root River subwatersheds were 
below the ISQG and the TEC (37.3 (ig/g, 43.4 (ig/g) (fig. 68, 
table 34).
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Base composited from Southeastern Wisconsin Regional Planning Commission regional base 
map, 1:2,000,1995; U.S. Geological Survey digital line graph hydrography, 1:100,000,2001; Wisconsin 
Department of Natural Resources version 2 hydrography, 1:24,000,2002. Wisconsin Transverse 
Mercator Projection, referenced to North American Datum of 1983,1991 adjustment.

Figure 67. Sites sampled for chromium in sediment in the Milwaukee Metropolitan Sewerage District (MMSD) 
planning area,Wis.



152 Water-Resources-Related Information for the Milwaukee Metropolitan Sewerage District Planning Area, Wisconsin

(/:•
C V

_3

05 ^
03 li
(L) C

&* S
(U •-
U 3
TO 'cfl
O3 **

1:1> - — •• _•• ££
3 C

*rt C
> O•s cx

S "-T ^O 60 +-1
c? .£ tl

1 'i— ' 03

S o •?
CT5 ^" ^
•— ^ o
^> ^ *-j CD t — 1 C3
CD fv, . .

CD a! «>

c1 1 §'1 '> 'i
03 rt ~

4— 1 "^3 "—

•ri 2 o
1 . ~" p .
co r <u
Q .'- ea

D5 S _O

o w ^
§ "TO aj

rC CX
c H co
ca td ^
^ (^ S3
O T3 J2
Q. C cS
0 ^ >

CD TO C«= So
^ ° "TO

CD ^ ' — '
CD M 3
— * F"* 03
— [H O

1 1:1
CD £ B

-E U £

O £3 CO

•-*'• cj B"
o '5b s
D5 .2

CD f*1 ^« y .s>• ^ tt
D •£

CD t/3 li
•i—1 O '"
ro t/3 u?

E '£ S
~F C^J -G

'E S i "s"
a <u ^ S
t. M ^3 N
P- C3 .£> „-

ry statistics for c Metropolitan Sewei (|j,g/L); values rouni imit were reported a

CD <U i_ —

1 ill
=J £ <U 0

GO rd °- g-

S? d s ^
sill
|2 S -| J

wnunxei/y

9|llU93J3d l|106

3|!lU93J9d 1|19Z

uea|/\|

ueipeiM

aniiiaiiaH 111079|l}U93J3a IJiSg

eijiuaojed ijioi.

uinuiiu;i/\|

ejep efdiues iseien

aiep 3|duies ise||jeg

(s)iiuiji 6ui}joday

Ijiuji Bujjjodaj e Mojaq
sen|BA jo jaqujnN

sunsaj ||e 10 lunoo

sunsej 13UQ1S lo IUROQ

siinsaj sosn 10 junoo

sunsej asi/\ll/\l 10 lunoo

p3usj3i6A/vqns jod seiis

o
2o

1A

CD

CO
o

I

O J
— ̂ rSt
00 
10

O j
oo•~

"* !
Os

^ j
^
1—1

O |
10

p j
10

p !

| f
o

, _ , ^-j
o r-.
O 0-
Q C
™ p
i o

r-~ r-~
Os O

o o

o o

•*o
Os —i

ro O ro

CN ri
o o

•^- ro

10 "^

~

00 r^

so O

M °

•^- ro^^

Kinnickinnic River 
West Milwaukee Ditcf

>
2
0'c
c
3
0'E 
c
2

3 3

, ,

i i

1 i

, ,

i |

• '

,

r- r-r- r-~
O- Os
\ ^^
ro ro

— 00
— o

10 r-
O- Os

r-~ VD 
CJ " 
in VD
c o

r*-i c*~

Z -

m

K *

o o

o o

Tj- —— 1

Wilson Park Creek 
Lake Michigan Direct

^
op•5 —
^ o
JgQ
-J

j
3 c^

. ,

1 |

i i

, .

, ,

1 '

,

rsj r^
oo r--
Os Os

5? o 
CJ C?
?5 so
o c

r-~ r-
Os Os

(N O

Os *O
0 0

rf} cf)

ro —

- -

^

O O

o o

r<J ~

Lake Michigan 
Tributary Honey Creek

u
c "~
$>£, u

•H "3 o

j 2

p p
00 O
<N O

VD

r-; p
TJ OO

10 O
^ ô~
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Nickel

Nickel is a naturally abundant element that is found 
mainly in soils and sediments. Nickel attaches to particles 
that contain iron or manganese, which are commonly present 
in soil (Agency for Toxic Substances and Disease Registry, 
1999d). Nickel is used in the production of stainless steel and 
other corrosive-resistant metal, batteries, and color ceramics, 
and as a catalyst in organic chemical manufacturing and 
petroleum refining. Because of its widespread use, nickel 
can be contributed to the environment in significant amounts 
by waste disposal (Hem, 1985). Nickel is one of the most 
mobile of heavy metals in the aquatic system. This mobility 
is controlled by the ability of various sorbents to scavenge it 
from solution. Nickel does not appear to accumulate in the 
tissues of fish, plants, or animals used as food (Agency for 
Toxic Substances and Disease Registry, 1999d).

The USEPA remanded its MCL and Maximum Con 
taminant Level Goal (MCLG) for nickel in February 1995. 
There currently is no federal legal limit on the amount of 
nickel in drinking water. The USEPA is reconsidering the 
limit on nickel at this time (U.S. Environmental Protection 
Agency, 2002f). There are currently no Canadian drinking- 
water guidelines. The WDNR MCL standard for nickel is 
100 |ig/L. The Canadian guideline for the protection of 
aquatic health lists a standard of 25-150 (ag/L.

Maximum concentrations of nickel in water exceeded 
the WDNR drinking-water guideline of 100 |lg/L and in 
most cases the upper limit of the Canadian aquatic life guide 
line of 25-150 |ig/L in the Lower Milwaukee River 
(3,810.8 |ig/L), Kinnickinnic River (710.0 (ig/L), Upper Oak

Creek (270.0 |ig/L), Lower Menomonee River (150.0 |0,g/L), 
Upper Menomonee River (116.0 jig/L), and Lincoln Creek 
(110.0 ng/L) subwatersheds (table 35). Nearly all median 
concentrations appeared to be concentrations below a report 
ing limit (table 35).

Currently, there are no Canadian sediment-quality 
guidelines for nickel. The MacDonald sediment-quality 
guidelines for freshwater ecosystems have set a TEC of 
22.7 |ig/g and a PEC of 48.6 jig/g for nickel.

Only one site in the Lower Menomonee River subwa- 
tershed had an exceedence of the PEC for nickel in sediment 
(48.6 Hg/g) (fig. 69). Sites with median concentrations in the 
upper quartile were mainly clustered near the confluence of 
the Milwaukee, Menomonee, and Kinnickinnic Rivers but 
were also scattered throughout several other subwatersheds 
to a lesser extent (fig. 69). Sites with median concentrations 
in the lower quartile were scattered among subwatersheds in 
the northern part of the planning area (fig. 69).

The Little Menomonee River subwatershed had a 
median nickel in sediment concentration in the upper quar 
tile (fig. 69). Median concentrations in the lowest quartile 
were in the Upper Menomonee River, Little Menomonee 
Creek, and Lilly Creek subwatersheds (fig. 69). One sample 
in the Lower Menomonee River subwatershed with a con 
centration of 49.0 jig/g exceeded the PEC of 48.6 (ig/g 
(fig. 70, table 36). The concentration of the only sample col 
lected in the Little Menomonee Creek subwatershed 
(20.0 ^ig/g) fell below the TEC of 22.7 |ig/g (fig. 70, 
table 36).
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Zinc

Zinc is a common element in rock (about the same 
abundance as copper or nickel), but it is substantially more 
soluble in water than the other two metals. Zinc naturally 
occurs in the air, soils, and water. Zinc is an essential mineral 
to plant and animal metabolism and is found in most foods 
(Hem, 1985). Most zinc in soils stays bound to the soil par 
ticles. Zinc accumulates in fish and other aquatic organisms 
but not plants (Agency for Toxic Substances and Disease 
Registry, 1999e). Zinc is a component of brass, bronze, and 
galvanized metals and is used to make paint, rubber, dye, and 
wood preservatives (Callendar and Rice, 2000). Fossil-fuel 
combustion is the main contributor to worldwide anthropo 
genic emissions of zinc (Callendar, and Rice, 2000). Con 
centration of zinc in bed sediment is well correlated with 
population density in the United States (Rice, 1999).

The USEPA has established SMCLs for fifteen contam 
inants that are goals but are not enforceable. These SMCLs 
are established for aesthetic considerations (taste and odor, 
and color) and are not considered to present a risk to human 
health. The USEPA does not have a MCL for zinc but does 
have an SGML of 5,000 jig/L related to odor and taste. The 
Canadian drinking-water guideline also is 5,000 jig/L and is 
an AO. The WDNR does not have a drinking-water standard 
for zinc. The Canadian water-quality guideline for the pro 
tection of aquatic life is 30 [ig/L.

Maximum concentrations of zinc in water at all subwa- 
tersheds exceeded the Canadian aquatic life criterion of 
30 ^ig/L (table 37). The highest maximum concentration was 
in the Lower Menomonee River subwatershed (1,500 ^ig/L) 
(table 37). Median concentrations in the Underwood Creek 
(90 ^g/L), Mitchell Field Drainage Ditch (80 ^g/L) and Lit 
tle Menomonee River (30 |Ug/L) matched or exceeded the

Canadian aquatic life guideline (table 37). No exceedences 
of the USEPA or Canadian drinking-water guideline concen 
trations of 5,000 jig/L were found in any subwatershed 
(table 37).

The Canadian sediment-quality guidelines for the pro 
tection of aquatic life for zinc are an ISQG of 123 p,g/g and 
a PEL of 315 M£/g; MacDonald's consensus-based sedi 
ment-quality guidelines are a TEC of 121 ^ig/g and a PEC of 
459 jig/g.

Almost all sites with exceedences of the PEL for zinc in 
sediment (315 ^ig/g) were clustered near the confluence of 
the Milwaukee, Menomonee, and Kinnickinnic Rivers 
(fig. 71). Sites with median concentrations in the upper quar- 
tile were also mostly clustered near the confluence of the 
three rivers (fig. 71). Sites with median concentrations in the 
lower quartile were scattered around the planning area but 
typically not located near the confluence of the three rivers 
(fig. 71).

No subwatersheds had median zinc concentrations in 
the upper quartile (fig. 71). The Upper Menomonee River, 
Little Menomonee Creek, Lilly Creek, Lincoln Creek, and 
Middle Root River subwatersheds had median concentra 
tions in the lower quartile (fig. 71). The maximum concen 
trations, above either the PEC or PEL (459 ^g/g, 315 [ig/g), 
were measured in the Lower Menomonee River, Little 
Menomonee River, Lower Milwaukee River, and the Kin 
nickinnic River subwatersheds (fig. 72, table 38). The con 
centrations collected for the only samples in the Little Meno 
monee Creek (93 ^ig/g) and Middle Root River (52 ^ig/g) 
subwatersheds were below the TEC and the ISQG (121 jig/g, 
123 jig/g) (fig. 72, table 38).
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Pesticides

For the purposes of this report, discussion of pesticides 
has been broken into sections describing (1) historically used 
and now banned pesticides and (2) pesticides still in use.

Historically used pesticides are low-solubility, hydro- 
phobic compounds that, when transported to aquatic sys 
tems, partition into sediment and bioaccumulate in aquatic 
organisms. Because they can cause unintended effects on 
nontarget organisms, they are a long-lived threat to the 
health of streams and the organisms (including humans) that 
utilize the streams. Chlordane, dieldrin, DDT, and DDD are 
insecticides formerly used on crops. All crop uses of these 
compounds were banned between 1972 (DDT) and 1983 
(chlordane). Limited use of dieldrin and chlordane was 
allowed after that time for termite control, but all uses were 
banned in 1987 and 1988, respectively. However, these com 
pounds and others are frequently detected in sediment and 
the tissues of animals exposed to contaminated sediments. 
(The others are breakdown products and (or) related chemi 
cals whose source is from pesticide mixtures containing the 
main compound.) Although the concentrations are usually 
low, these compounds bioaccumulate in fish, birds, and 
mammals (Agency for Toxic Substances and Disease Regis 
try, 2003).

Consensus-based TECs have been developed for each 
of the historically used pesticides selected for this report 
(MacDonald and others, 2000); however these values are not 
listed herein.

Pesticides currently in use are generally highly soluble, 
hydrophilic compounds and thus are primarily found dis 
solved in the water compartment of aquatic systems. These 
modern pesticides have short half-lives and a seasonal peri 
odicity related to application. Agricultural herbicides are 
generally applied in conjunction with planting. Urban use of 
pesticides is generally on an as-needed basis anytime during 
the growing season. Concentrations in surface waters are 
highest during and after rainstorms that occur after planting 
and before significant crop growth slows runoff. In southern 
Wisconsin, this period generally is mid-May through mid- 
June (Sullivan and Richards, 1996).
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Historically Used Pesticides

The following pesticides were selected from the 
MMSD Corridor Study database for description in this 
report: chlordane, dieldrin, DOT, DDE, DDD, p,p '-DDT, 
p,p'-DDE, andp,p '-DDD in sediment; and dieldrin, chlor 
dane (cis and trans isomers), nonachlor (cis and trans iso- 
mers), p,p '-DDT, p,p '-DDE, and p,p '-DDD in tissue. These 
pesticides were chosen for description because data are rela 
tively plentiful (generally more than 10 samples) and are 
commonly analyzed for in urban areas and areas adjacent to 
agricultural lands. Pesticide data in sediment came from both 
the USGS and USEPA STORET databases. Data on pesti 
cides in tissue was only from the USEPA STORET database, 
although a small amount of additional USGS data is in the 
MMSD Corridor study database. Locations of pesticide sam 
pling sites are shown in figure 73.

Of the selected pesticides in sediment, only dieldrin was 
not found at a concentration above the reporting limit (data 
not shown). Of the selected pesticides in tissue, the following 
were found only at concentrations below the reporting limit:

chlordane (cis and trans isomers), nonachlor (cis isomer), 
p,p' -DDT, and p,p' -DDD (data not shown).

Most sites with data for pesticides in sediment were 
clustered around the confluence of the Milwaukee, Menom- 
onee, and Kinnickinnic Rivers, although other such sites 
were scattered around the planning area (fig. 73). Data for 
pesticides in tissue were available for several sites in the Mil 
waukee and Kinnickinnic watersheds but not for most other 
watersheds (fig. 73, table 39).

Almost all data for pesticides in sediment were col 
lected in the early 1990s or before (table 39). Results were 
below the reporting limit in at least half the samples in the 
Kinnickinnic River, Lower Menomonee River, Lincoln 
Creek, Lower Milwaukee River, and North Branch Oak 
Creek subwatersheds (table 39). All data for pesticides in tis 
sue also were collected in the early 1990s or before 
(table 39). Of the 11 subwatersheds with data, concentra 
tions were below a reporting limit except for a few samples 
in the Lower Milwaukee River subwatershed (table 39).

Pesticides Still in Use

Pesticides in current use are most likely found in sur 
face water. Atrazine, deethyl atrazine, diazinon, rneto- 
lachlor, prometon, simazine, and 2,4-D can be found in 
urban areas or streams draining agricultural lands; conse 
quently, a significant amount of data was available. Pesticide 
data in water came from the USGS, although data for a few 
samples were also available in the MMSD Corridor Study 
database from USEPA STORET. Locations where surface 
water was analyzed for pesticides are shown in figure 73.

All of the selected pesticides were observed at concen 
trations above the reporting limit in at least one sample; how 
ever, no maximum concentration of any of the selected pes 
ticides was above an MCL or other health advisory level 
(data not shown).

Data selected for analysis in this report were collected 
at two sites: the Milwaukee River at Estabrook Park in Mil 
waukee (91 samples) and Lincoln Creek at 47th Street in 
Milwaukee (10 samples) during 1993-2002 and 2001-2002, 
respectively (fig. 73, table 39).
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Figure 73. Sites sampled for pesticides in the Milwaukee Metropolitan Sewerage District (MMSD) planning area, 
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Polychlorinated Biphenyls

Despite being banned since the 1970s, polychlorinated 
biphenyls (PCBs) are ubiquitous contaminants, present not 
only in industrial areas where they were manufactured and 
used (in cutting oils, sealants, hydraulic fluids and pesti 
cides) but also in remote locales such as the polar regions, 
owing to atmospheric transport and deposition. PCBs are a 
set of 209 related chlorinated organic compounds, some of 
which have demonstrated toxicity (McFarland and Clarke, 
1989). Major present-day sources include streambed sedi 
ments and, in some cases, the atmosphere. Being relatively 
hydrophobic and lipophilic, these compounds tend to adsorb 
onto clay surfaces or be associated with lipids and other sub- 
cellular components in aquatic organisms. Therefore, major 
loss mechanisms for truly dissolved PCBs in water include 
partitioning to suspended and bottom sediments and passive 
uptake by algae. In addition, because PCBs tend to be refrac 
tory in most aquatic environments, it is often possible to 
determine the particular commercial mixtures of PCBs, 
termed Aroclors, that were released to the stream. Under cer 
tain conditions, Aroclor mixtures undergo weathering 
wherein selective solubilization, volatilization, and (or) 
microbially mediated decomposition of some congeners 
(compounds belonging to the same chemical family) can sig 
nificantly change the Aroclor mixture, sometimes beyond 
recognition.

Total PCB concentrations are most often determined by 
summing all measurable congeners from a congener-specific 
analysis of a sample. Aroclors are quantified either from 
older methods that do not include analysis of individual con 
geners or by matching the suite of measured individual con 
geners with that of known Aroclor mixtures using computer 
programs.

Sites with PCB data in water were scattered throughout 
the planning area. Sites sampled for PCBs in sediment were 
lightly scattered throughout the northern part of the planning 
area, with a concentration of sites at the confluence of the 
Milwaukee, Menomonee, and Kinnickinnic Rivers (fig. 74). 
Sites with PCB data in tissue were very lightly scattered 
throughout the planning area (fig. 74).

Data collection for PCBs in water in most sub water 
sheds began in 1975 (table 40). In half of the subwatersheds, 
data collected for PCBs in water were collected through 
2001 (table 40). At least half the results for PCBs in water 
were below reporting limit in all subwatersheds (table 40). 
All results for PCBs in water were below a reporting limit in 
half the subwatersheds (table 40). Data for PCBs in sediment 
in about half of the subwatersheds were collected once in 
1989 (table 41). In most other subwatersheds, data collection 
for PCBs in sediment began in 1980 and ended in the mid- 
1990s (table 41). In about half the subwatersheds, concentra

tions in sediment were below a reporting limit in more than 
half of the results (table 41). PCB data in tissue were col 
lected primarily in the mid to late 1980s, with a few addi 
tional samples in the mid-1990s. Fewer than 20 results are 
available for each subwatershed (table 41). Concentrations 
for most subwatersheds were below a reporting limit for 
PCB data in tissues (table 41).

So-called toxic PCB congeners can be defined as a sub 
set of total PCB congeners that are ranked on a scale that 
considers both intrinsic toxicity and prevalence in environ 
mental samples (McFarland and Clarke, 1989). In terms of 
toxicity, they include PCB congeners that are directly toxic, 
including some of the co-planar congeners, and congeners 
that are indirectly toxic, including those that induce bioacti- 
vating enzyme systems. For the purposes of this report, we 
include PCB congener Groups 1A, IB, or 2 as defined in 
MacFarland and Clarke (1989) as toxic congeners. Among 
the most toxic, Group 1A congeners, so-called pure 3-meth- 
ylcholanthrene-type inducers, were congeners 77, 126, and 
169, non-ortho-substituted coplanar congeners. These con 
geners are similar in structure to 2,3,7,8-tetrachlorodibenzo- 
p-dioxin (TCDD or simply "Dioxin"), a standard of toxicity 
against which all organic compounds are measured. Group 
IB congeners are mixed-type inducers that have been 
observed frequently in environmental samples. These 
include 105,118,128,138,156, and 170. Group 2 congeners 
are phenobarbital-type inducers prevalent in the environ 
ment and include 87, 99, 101, 153, 180, 183, and 194.

Data collection of the toxic PCBs took place at a subset 
of the sampling events where sampling for a larger suite of 
PCBs was done. Sampling for toxic PCBs in water occurred 
throughout the planning area but was concentrated in the 
east-central part (fig. 75). Sites where samples were ana 
lyzed for toxic PCBs in sediment were clustered near the 
confluence of the Milwaukee, Menomonee, and Kinnickin 
nic Rivers, just downstream from the confluence of Lincoln 
Creek with the Milwaukee River, and in a few spots on the 
Milwaukee River toward the northern extent of the planning 
area (fig. 75). There were no samples for toxic PCBs in tis 
sues.

Sampling for toxic PCBs in water began as early as 
1990 and continued through 2001 (table 42). At least half of 
the concentrations for PCBs in water in most subwatersheds 
were below a reporting limit (table 42). Sampling for toxic 
PCBs in sediment also began in 1990 and generally ended in 
the mid-1990s (table 42). Results for almost all samples were 
above reporting limits (table 42).
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Figure 75. Sites sampled for toxic polychlorinated biphenyls in water and sediment in the Milwaukee Metropolitan 
Sewerage District (MMSD) planning area, Wis.
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Ecological Indicators of Water Quality

Aquatic organisms of a stream corridor are affected by 
the water and sediment chemistry as well as the flow regime 
of the river. The makeup of the aquatic community can pro 
vide indicators as to the chemical quality of streamwater.
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Macroinvertebrates

Macroinvertebrates can be used to assess stream-water 
quality through a numerical index that allows quantification 
and evaluation of water quality (Shepard, 2003). Macroin 
vertebrates are common in most streams, relatively easy to 
collect and identify, and fairly stationary; many have life 
cycles of up to a year or greater and therefore are well suited 
for use in assessing stream-water quality (Shepard, 2003; 
Hilsenhoff 1977). Macroinvertebrates can indicate environ 
mental change because they are subject to instream extremes 
during their life cycles (Shepard, 2003).

Two basic metrics that are based on the invertebrate 
population and can describe water-quality conditions of a 
stream are the percentage of invertebrates in the insect orders 
Ephemeroptera-Plecoptera-Trichoptera (EPT) and the 
Hilsenhoff Biotic Index (HBI). EPT taxa are generally con 
sidered to be relatively intolerant of water-quality degrada 
tion (Lenat, 1988; Hilsenhoff, 1988 and 1998), so the pro 
portion of EPT individuals and taxa tend to decrease with 
decreasing water quality. The HBI is a rapid screening 
method designed to assess oxygen depletion in streams 
resulting from organic-matter pollution; however, the index 
may also be sensitive to other types of pollution, such as 
from some chemicals. The HBI represents the number of 
arthropod invertebrates in certain species multiplied by their 
pollution-tolerance value, divided by the number of arthro 
pods in the sample. The HBI scale ranges from 0.00 (Excel 
lent) to 10.00 (Very Poor).

Invertebrate data were collected from 1979 through 
1999 for 27 of the 37 subwatersheds in the MMSD planning 
area. Data for macroinvertebrates in the MMSD Corridor 
study database came from a database maintained for the 
WDNR by Stan Szczytko at the University of Wisconsin - 
Stevens Point. The majority of the data was collected by the 
WDNR, but other agencies, universities, and groups also 
contributed samples. Scores for the HBI and percent EPT, 
community-level data, and counts of species were available 
for most samples.

Sites with percent EPT falling in the lower quartile 
(indicating poorer water quality than sites with higher per 
cent EPT) were scattered throughout the planning area but 
dominated certain subwatersheds, such as Lincoln Creek and 
the Little Menomonee River (fig. 76). Sites with percent 
EPT in the upper quartile (indicating better water quality) 
were also scattered throughout the planning area but were 
absent in some of the subwatersheds such as Lincoln Creek, 
Muskego Lake, and Kinnickinnic River (fig. 76).

Subwatersheds with percent EPT in the lower quartile 
were the Little Menomonee River, Nor-X-Way Channel, 
Lincoln Creek, Kinnickinnic River, Wilson Park Creek, 
Deer Creek, East Branch Root River, and North Branch Oak

Creek (fig. 76). These low percentages may be due to inade 
quate habitat for these taxa in low-gradient streams with pre 
dominantly clayey surficial deposits; however, they also 
may indicate degraded water quality. Subwatersheds with 
percent EPT in the upper quartile were the Middle Root 
River and Lower Root River (fig. 76). Maximum percent 
EPT values were calculated for the Lower Root River 
(92 percent), Lower Milwaukee River (82 percent), Lower 
Oak Creek (74 percent), and Middle Oak Creek (71 percent) 
subwatersheds (fig. 77, table 43). The highest median con 
centrations for subwatersheds were calculated for Lower 
Root River (51 percent), Middle Root River (50 percent), 
Middle Oak Creek (40 percent), and Cedar Creek (40 per 
cent) (fig. 77, table 43). Half of the subwatersheds had 
median percent EPT below 10 percent (fig. 77, table 43).

Sites with HBI scores indicating "poor" or "very poor" 
water quality were scattered throughout the planning area 
(fig. 78). Only one site, in the Whitnall Park Creeks subwa- 
tershed had an HBI score indicating "very good" water qual 
ity (fig. 78). Sites in seven subwatersheds had a "good" HBI 
water-quality rating (fig. 78).

The Little Menomonee River, East Branch Root River, 
North Branch Oak Creek, and Upper Oak Creek subwater 
sheds had HBI scores indicating "very poor" water quality 
(fig. 78). The Deer Creek, Upper Root River, Lower Root 
River, Middle Oak Creek, and Lower Oak Creek subwater 
sheds had HBI scores indicating "poor" water quality 
(fig. 78). The Little Menomonee Creek and Willow Creek 
subwatersheds were the only ones to have a "good" HBI 
water-quality rating (fig. 78). Nearly all subwatersheds had 
at least one HBI score that indicated "poor" or "very poor" 
water quality (fig. 79). Subwatersheds with median HBI 
scores indicating "poor" or "very poor" water quality were 
the Little Menomonee River, Deer Creek, North Branch Oak 
Creek, Upper Oak Creek, Middle Oak Creek, Lower Oak 
Creek, Upper Root River, Lower Root River, and East 
Branch Root River. Only the Whitnall Park Creeks subwater- 
shed had an HBI score indicating "very good" water quality 
(fig. 79, table 44). The Little Menomonee River, Little 
Menomonee Creek, Lower Menomonee River, Upper Meno 
monee River, West Branch Menomonee River, Willow 
Creek, Cedar Creek, Lower Milwaukee River, Whitnall Park 
Creeks, and Mitchell Field Drainage Ditch subwatersheds 
had at least one sample for which an HBI score indicating a 
"good" water-quality rating was calculated (fig. 79, 
table 44). Only the Little Menomonee Creek and Willow 
Creek subwatersheds had a median HBI score indicating a 
"good" water-quality rating (fig. 79, table 44).
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Figure 76. Sites sampled for macroinvertebrates with percent Ephemeroptera, Plecoptera, and Trichoptera in 
the Milwaukee Metropolitan Sewerage District (MMSD) planning area, Wis.
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Lake
Michigan

Base composited from Southeastern Wisconsin Regional Planning Commission regional base 
map, 1:2,000,1995; U.S. Geological Survey digital line graph hydrography, 1:100,000,2001; Wisconsin 
Department of Natural Resources version 2 hydrography, 1:24,000,2002. Wisconsin Transverse 
Mercator Proiection, referenced to North American Datum of 1983,1991 adjustment.
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Figure 78. Sites sampled for macroinvertebrates with Hilsenhoff Biotic Index scores in the Milwaukee 
Metropolitan Sewerage District (MMSD) planning area, Wis.
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Fish

Fish data are often used to assess and monitor environ 
mental quality in an approach generally termed "bioassess- 
ment" or "biomonitoring" (Plafkin and others, 1989). These 
bioassessment and biomonitoring techniques have been 
shown to be a useful way to detect and quantify environmen 
tal degradation in aquatic systems (Lyons, 1992b). Of all 
types of biota, fish, along with macroinvertebrates, have 
been shown to be particularly effective for use in bioassess- 
ments. Wisconsin began development of an Index of Biotic 
Integrity (IBI) for fish in warmwater streams of the State in 
the mid-1980s and published the resulting "how to" guide in 
1992 (Lyons, 1992b). The IBI was originally developed dur 
ing the late 1970s and early 1980s to assess biotic integrity 
and environmental quality in small streams in Indiana and 
Illinois (Karr, 1981; Karr and others, 1986). This original IBI 
was modified to fit the physical and biological characteris 
tics of streams throughout North America (Lyons, 1992b). 
Biotic integrity has been defined as "a balanced, integrated, 
adaptive community of organisms having a species compo 
sition, diversity, and natural habitat of the region" (Karr and 
Dudley, 1981).

Fish data in the MMSD Corridor Study database came 
from the WDNR Biology database (as maintained by the 
WDNR Bureau of Fisheries Management and Habitat Pro 
tection) and a series offish surveys completed by the WDNR 
in and around the Milwaukee River. Counts of species, and 
in some cases length, weight, and sex, were available for fish 
samples. Locations of WDNR Biology database and WDNR

Milwaukee fish survey sampling sites are shown in 
figure 80.

Fish collection has taken place in all but the smallest 
headwater streams in the MMSD planning area at one time 
or another (fig. 80). The Milwaukee River watershed has had 
the most samples collected since 1990 (table 45). Of the 
three decades for which data exist, the 1970s had the most 
extensive fish sampling, with fewer sites sampled in each 
succeeding decade (2000-2002 samples have been grouped 
with samples collected through the 1990s). Twenty-six sub- 
watersheds were sampled in the 1970s, 21 sub watersheds in 
the 1980s, and 12 subwatersheds in the 1990s through 2001 
(table 45). On the basis of data in the MMSD Corridor Study 
database, a total of 73 species of fish have been found in 
water bodies in the MMSD planning area. In addition, vari 
ous hybrid sunfishes, minnows, and bullheads have been 
documented.

IBI scores indicating "poor" or "very poor" water qual 
ity were assigned to sites in all subwatersheds with data col 
lected during 1990-2002 (fig. 81). At several sites in the 
Lower Milwaukee River subwatershed, IBI scores indicated 
"good" or "excellent" water quality (fig 81). There was little 
IBI data for the southern part of the planning area (fig. 81).

The Lincoln Creek subwatershed (10, "very poor") had 
the lowest median IBI score for data collected since 1990 
(table 45). The Lower Milwaukee River subwatershed had 
the highest median IBI score of 62, indicating "good" condi 
tions (table 45).
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EXPLANATION
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Base composited from Southeastern Wisconsin Regional Planning Commission regional base 
map, 1:2,000,1995; U.S Geological Survey digital line graph hydrography, 1:100,000,2001; Wisconsin 
Department of Natural Resources version 2 hydrography, 1:24,000,2002. Wisconsin Transverse 
Mercator Projection, referenced to North American Datum of 1983,1991 adjustment.
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Figure 80. Sites sampled for fish in the Milwaukee Metropolitan Sewerage District (MMSD) planning area, Wis.
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Base composited from Southeastern Wisconsin Regional Planning Commission regional base 
map, 1:2,000,1995; U.S. Geological Survey digital line graph hydrography, 1:100,000,2001; Wisconsin 
Department of Natural Resources version 2 hydrography, 1:24,000,2002. Wisconsin Transverse 
Mercator Projection, referenced to North American Datum of 1983,1991 adjustment.
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Figure 81. Sites sampled for fish with Index of Biotic Integrity scores for data since 1990 in the Milwaukee 
Metropolitan Sewerage District (MMSD) planning area, Wis.
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Chlorophyll a

Chlorophyll a is perhaps the most common algal pig 
ment found in most natural freshwaters. Algae synthesize 
chlorophyll a as a means to harvest energy for sunlight dur 
ing photosynthesis. Chlorophyll a is generally assumed to be 
a good proxy for algal biomass, although cellular quotas can 
vary with the amount of photosynthetically available radia 
tion at a given time. Chlorophyll a is degraded abiotically or 
microbially either in dead algal cells or in zooplankton guts, 
producing pigment degradates including pheophytin and 
pheophorbide. These compounds are sometimes summed 
with chlorophyll a to get total pigments, a measure that bet 
ter reflects the total amount of algal biomass as opposed to 
live algae, which only is indicated by chlorophyll a.

Chlorophyll a (along with nitrogen, phosphorus, and 
turbidity) has been selected by the USEPA as a key nutrient 
criterion indicator in streams. Its importance is its biological 
response to the presence of limiting nutrients (mainly phos 
phorus) in surface waters and as an indicator of potential 
oxygen-consuming material. For the MMSD planning area, 
a concentration of 0.55 mg/m3 is proposed as a maximum 
allowable limit (U.S. Environmental Protection Agency, 
2000a).

Median concentrations of chlorophyll a at all sites 
exceeded the 0.55 mg/m3 USEPA proposed nutrient crite 
rion (fig. 82). Sites with median concentrations in the upper 
quartile were mainly clustered in the Lower Milwaukee 
River subwatershed (fig. 82). Sites with median concentra 
tions in the lower quartile were found primarily in the Upper

Root River, Upper Oak Creek, Middle Oak Creek, and 
Lower Oak Creek subwatersheds (fig. 82).

The median concentration of chlorophyll a in the Lower 
Milwaukee River subwatershed fell in the upper quartile 
(fig. 82). The Upper Root River, Upper Oak Creek, and Mid 
dle Oak Creek had median concentrations in the lower quar 
tile (fig. 82). The majority of samples had concentrations 
above the 0.55 mg/m3 USEPA proposed nutrient criteria 
(fig. 83, table 46). The highest maximum concentrations 
were measured in the Lower Milwaukee River 
(628.41 mg/m3), Kinnickinnic River (358.52 mg/m3), and 
Upper Menomonee River (318.23 mg/m3 ) subwatersheds 
(fig. 83, table 46). The highest median concentration of 
11.70 mg/m3 was measured in the Lower Milwaukee River 
subwatershed (fig. 83, table 46). The lowest median concen-

o

tration of 1.46 mg/m was measured in the Upper Root River 
subwatershed (fig. 83, table 46).

There was some indication of higher chlorophyll a con 
centrations during the spring and fall, corresponding to clas 
sical algal bloom periods, at the Kinnickinnic River, Meno 
monee River, and Milwaukee River sites, although the 
pattern was not particularly pronounced (fig. 84). Trends in 
chlorophyll a by sample year indicated an absence of rela 
tively high concentrations at three of the five highlighted 
sites (Kinnickinnic, Menomonee, and Milwaukee Rivers) 
during the period between the late 1980s and early 1990s 
(fig. 85). This might be related to low rainfall and concomi- 
tantly low nutrient inputs during this time period.
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Figure 82. Sites sampled for chlorophyll a in the Milwaukee Metropolitan Sewerage District (MMSD) planning 
area, Wis.
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Habitat and Geomorphic Data

Habitat and geomorphic data in the MMSD Corridor 
Study database were collected by WDNR and MMSD 
(through a contract with Inter-Fluve, Inc.) (fig. 86, table 47).

Habitat data in the MMSD Corridor Study database 
were collected by the WDNR starting in 1991 and are 
derived from the WDNR Biology database. The types of 
information collected in WDNR habitat surveys include the 
percentage of canopy/shading of the stream channel, type of 
fish cover, stream-bottom cover, percentage macrophyte 
cover, and many other channel characteristics. These data 
can be used to analyze the change in habitat over time, deter 
mine aspects of the habitat characteristics that could be lim 
iting aquatic life, and suggest management options designed 
to rehabilitate habitat (Wisconsin Department of Natural 
Resources, 2002).

Sites where habitat assessments were done were lightly 
scattered throughout the MMSD planning area and included 
locations in many subwatersheds except the Fox River and 
Lake Michigan Direct watersheds (fig. 86). Data for habitat 
assessments was available beginning in 1991 and extended 
through the late 1990s or 2001 in most subwatersheds (table 
47). The most assessments were done in the Lincoln Creek 
subwatershed (40) and Underwood Creek subwatershed (20) 
(table 47). Habitat assessments were done in 20 of the sub- 
watersheds with one to nine sites in each subwatershed 
(table 47). Seventeen of the 44 total sites were surveyed 
more than once, some up to eight times. The Lincoln Creek 
subwatershed had a relatively large number of sites (nine)

where habitat assessments were done, with an average of 
four assessments at each site. However, only one or two 
assessments were done in most other subwatersheds. No 
habitat index scores were available for the data in the MMSD 
planning area, and summarizing the extensive amount of 
habitat data was not within the scope of this report.

Additional stream channel morphology and streambed 
measurements were recorded during the MMSD Menom- 
onee River Sediment Transport study. The purpose of the 
MMSD Menomonee River Sediment Transport study was to 
provide a planning tool for the Menomonee River watershed 
that would allow MMSD to plan flood-management and 
channel-stabilization and rehabilitation projects that would 
improve flood conveyance and aquatic habitat (Inter-Fluve, 
Inc, 2001). A subset of the data collected for the study that 
has been compiled in the MMSD Corridor Study database 
includes channel cross-section information, pebble counts, 
and streambed sediment and grain-size analysis.

Sites examined as part of the Menomonee River sedi 
ment transport study (Inter-Fluve, Inc., 2001) were exclu 
sively in the subwatersheds of the Menomonee River water 
shed (fig. 86). Sites were located in 8 of the 14 
subwatersheds of the Menomonee River watershed, with 1 to 
59 sites in each subwatershed. One-time channel measure 
ments made as part of the Menomonee River sediment trans 
port study took place from 2000 through 2001 at many sites 
in subwatersheds of the Menomonee River watershed 
(table 47).
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Figure 86. Sites sampled for habitat and geomorphic data in the Milwaukee Metropolitan Sewerage District 
(MMSD) planning area, Wis.
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Bacteria

Most of human pathogens transmitted by water origi 
nate from contamination of those waters by fecal material. It 
is generally assumed that human-pathogen-laden waters 
stem from human wastewater effluent. However, the relative 
contributions that animal and livestock wastes have on 
human pathogen loads is unknown and is a topic of current 
investigation (Madigan and others, 1997).

Although the dangers associated with waters contami 
nated with fecal material are greatly magnified when such 
water is used for drinking, the recreational use of sufficiently 
contaminated waters also constitutes a human health risk. In 
response to this danger, the USEPA recommends the testing 
of recreational waters for the presence of fecal contamina 
tion by means of fecal indicator organisms. These organisms 
provide an indirect indication of the presence of potential 
pathogens in the water. The two fecal indicators commonly 
used in the Milwaukee area are fecal coliforms and Escheri- 
chia coli. Elevated concentrations of microorganisms in sur 
face water can indicate contamination by agricultural or 
human sources.
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Fecal Coliforms

Fecal coliforms were recommended for the testing of 
recreational waters by the USEPA in 1976. Accompanying 
this recommendation was an acceptable limit guideline of 
200 colonies per 100 mL (U.S. Environmental Protection 
Agency, 1976). Fecal coliform data for the planning area 
have been collected primarily by MMSD; however, smaller 
data sets have been supplied by the USGS and the USEPA.

Sites with median fecal coliform concentrations that 
exceeded the USEPA recreational water guideline concen 
tration of 200 colonies per 100 mL were scattered through 
out the planning area (fig. 87). Sites with median concentra 
tions in the upper quartile were clustered in the central part 
of the planning area (fig. 87). Only one site, in the Kin- 
nickinnic River subwatershed, was in the lower quartile 
(fig. 87).

Subwatersheds with median fecal coliform concentra 
tions in the upper quartile were the Lower Menomonee 
River, Underwood Creek, Honey Creek, and Lincoln Creek 
(fig. 87). However, data collected in the Honey Creek sub- 
watershed were part of a targeted survey, and are likely not

indicative of typical fecal coliform levels. There were no 
subwatersheds with median concentrations in the lower 
quartile (fig. 87). Most samples exceeded the USEPA recre 
ational water fecal coliform guideline of 200 colonies per 
100 mL (fig. 88). The highest maximum concentrations were 
measured in the Lower Menomonee River (2,400,000 colo 
nies per 100 mL), Lower Milwaukee River (1,350,000 colo 
nies per 100 mL), Kinnickinnic River (1,100,000 colonies 
per 100 mL), and Lincoln Creek (1,100,000 colonies per 
100 mL) subwatersheds (fig. 88, table 48). The highest 
median concentrations were measured in the Underwood 
Creek (20,000 colonies per 100 mL) and Honey Creek 
(16,650 colonies per 100 mL) subwatersheds (table 48). The 
lowest median concentration of 230 colonies per 100 mL, 
still above the USEPA recreational limit of 200 colonies per 
100 mL, was measured in the Middle Root River subwater 
shed (table 48).

The fecal coliform data did not show significant trends 
or seasonality (data not shown).
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Figure 87. Sites sampled for fecal coliforms in the Milwaukee Metropolitan Sewerage District (MMSD) planning 
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Escherichia coli

Epidemiological studies indicate that, when compared 
to fecal coliforms, counts of Escherichia coli (E. coli) corre 
late more strongly with illnesses attributable to swimming in 
fecal-contaminated water (Dufour and Cabelli, 1984). In 
response, the USEPA has modified its guidance to recom 
mend the use of E. coli as a fecal indicator in freshwater, set 
ting the single sample maximum allowable density for a des 
ignated beach area to 235 colonies per 100 mL (Dufour and 
Ballentine, 1986).

MMSD is the only agency that has collected E. coli data 
in the planning area. Samples have been recorded for six sub- 
watersheds in the planning area (fig. 89). This was a rela 
tively recent data set, with the range in collection dates span 
ning only from October 2000 to November 2001. The 
depiction in figure 89 for the Honey Creek subwatershed is 
not likely representative of typical E. coli counts because 
samples were collected as part of a targeted survey.

The median E. coli concentration of the Honey Creek 
subwatershed was in the upper quartile, whereas the median

concentration of the Lower Milwaukee River subwatershed 
was in the lower quartile (fig. 89). Many concentrations 
exceeded the maximum single-sample USEPA recreational- 
water guideline of 235 colonies per 100 mL (fig. 90). The 
highest maximum concentrations were measured in the 
Upper Menomonee River (160,000 colonies per 100 mL), 
Kinnickinnic River (160,000 colonies per 100 mL), and 
Honey Creek (140,000 colonies per 100 mL) subwatersheds 
(fig. 90, table 49). The highest median concentrations were 
measured in the Honey Creek (2,400 colonies per 100 mL) 
and Lincoln Creek (1,300 colonies per 100 mL) subwater 
sheds (fig. 90, table 49). The Lower Milwaukee River (220 
colonies per 100 mL) and Upper Menomonee River (300 
colonies per 100 mL) subwatersheds had the lowest median 
concentrations (fig. 90, table 49).

Given the small number of samples and the short 
timespan of the data set, not enough data were available to 
indicate any trends or seasonality (data not shown).
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»ŝ

a.
CT
fto"
3
&5

3"S
g. 3'

OQ

|

I
»

r^

S

§
rt
cr
&- !-h

y
ft
ft

H-l

OQ
H^

1

<

£Lc"
5^

Ift
<%•
$—i ftET
^

ft

o
S

OQ

"

ft

ft

ft
>TD 

O

f?
O.

N

1

g

g

O"

C±:
^
^
fTft
^

1o^

C/5

^

pCTQ

oS-'
2
o

^'

3
O

1

P

1
cT

1

e5
ft
^
3
n
a.
3'
o o_
3

H+,

§
3"

c3
I/I

^a
HI
H^

3.
nT?
f-i*

^

X

3
^

Q

3

?-
rt

3c
!•rt
&. g-

S-

ft

§ft
Br*
O
Sf
3
C
3cr 
ft

g1

a>
eo"

CO

00
c:
3
3
fa~~i

tn
fa ^-_

o' 

w

—*

mto
rj

CD
J^-
5-
5'

Q
-*^.

a-

o
fa
CD 

CO
o

g.
~t

^~

CD

1^^

^
5
CO
c.

CD
CD
^^

CDi—K

O

0_

fa
^
00
CD

§
CD

ffi
CO
CD

aC/j'

—i
oi—K

T3

to

~

CO

Q3

CD

CO

°

C3
ro



212 Water-Resources-Related Information for the Milwaukee Metropolitan Sewerage District Planning Area, Wisconsin

Potential Areas for Data Collection 
for Phase II

A major purpose of this report is to describe the histor 
ical stream-corridor data for the MMSD planning area. 
Knowledge of historical conditions can then be used in plan 
ning for Phase II of the MMSD Corridor Study, base-line 
monitoring. Identification of spatial, temporal, or analytical 
gaps in data may drive decisions in where to locate sampling 
sites and what types of analyses to perform.

The maps of sampling locations in this report illustrate 
subwatersheds that may be appropirate for additional sam 
pling. In addition, subwatersheds with few sites, relatively 
few samples, and (or) samples that date back to the 1970s or 
1980s may receive additional sampling. Consideration also 
has to be given to the significance of the subwatershed 
within the larger system. Subwatersheds containing the 
headwaters of streams with few urban effects may not 
require as frequent sampling as subwatersheds in heavily 
urbanized areas with a larger drainage area. However, mon 
itoring in the less urbanized subwatersheds is also valuable; 
recent studies have shown that nonurbanized systems are 
highly susceptible to increases in urbanization, resulting in 
changes related to streamflow, water chemistry, sedimenta 
tion, and ecological communities (loss of aquatic habitat and 
biological integrity). Less frequent sampling in these subwa 
tersheds may be sufficient to monitor any changes in their 
ecosystems.

Tables of summary statistics (tables 8 through 49) indi 
cate the number of samples collected for each subwatershed 
and the latest date a site in the subwatershed was sampled. 
Figures 9 through 12 show sites sampled at least once since 
January 1, 1998, for various types of analyses. Knowing the 
locations of sites currently monitored by MMSD, USGS, 
WDNR or other agencies may facilitate cooperation between 
the MMSD Corridor Study and the monitoring agency for 
data collection into Phase II or suggest locations not to sam 
ple to avoid duplication of sampling efforts.

Data for emerging contaminants such as pharmaceuti- 
cals and personal care products (PPCPs), human hormones, 
organic wastewater contaminants, and other constituents that 
indicate effects of human activity were not available in the 
MMSD Corridor Study database or any of its sources. There 
are increasing concerns for potential adverse human and eco 
logical health effects resulting from the production, use, and 
disposal of numerous chemicals on the market in recent 
years that improve industry, agriculture, and medical treat 
ment, as well as those used for personal and household 
needs. These chemicals find their way into the environment 
and contribute significantly to the total environmental load 
of anthropogenic chemical stressors (U.S. Environmental 
Protection Agency, 2003c). Treated wastewater from the 
MMSD planning area is discharged into Lake Michigan; 
however, sewer-overflow events, septic tanks, land applica

tion of wastewater-treatment-plant sludge, industrial dis 
charge to water and air, veterinary pharmaceutical runoff 
from animal feed lot operations, and treated and untreated 
wastewater discharged upstream of the planning area may 
contribute emerging contaminants to stream corridors within 
the planning area. Little is known about the extent of envi 
ronmental occurrence, transport, and fate of many synthetic 
organic compounds after their intended use, particularly hor- 
monally active chemicals, PPCPs, and pharmaceuticals. One 
reason for this lack of data is that until recently low-level 
detection methods were not available (Kolpin and others, 
2002). Researchers at the USGS have done several state-of- 
the-art studies of emerging contaminants in the United States 
(Kolpin and others, 2002; U.S. Geological Survey Toxic 
Substances Hydrology Program, 2003). The USGS National 
Water Quality Laboratory has a proven low-level analysis 
schedule established to analyze water samples for emerging 
contaminants (Lindsey and others, 2001).

E. coli is a constituent that may be used as an indicator 
of health risk to swimmers and other recreational water users 
(Great Lakes WATER Institute, 2003). Beaches on Lake 
Michigan may be affected by the water from rivers emptying 
into the lake. Therefore, additional sampling for E. coli 
would supplement the limited knowledge based on the sam 
ples collected since 2000.

The amount of data for pesticides in all media is lim 
ited. For the selected group of pesticides still in use that were 
examined in this report, the only two sites that had been sam 
pled are the Milwaukee River at Estabrook Park and Lincoln 
Creek at 47th Street.

Data for PCBs are also somewhat limited. MMSD has 
provided the most recent data on PCBs in water at nearly 40 
sites sampled for PCBs since 1995. Nearly all the rest of the 
data are from the mid-1990s, and a few samples are older yet. 
In examination of existing PCB data, or planning for future 
PCB sampling, PCB congeners that are considered to be par 
ticularly toxic may be of significant importance.

Data for trace element samples in water, bed sediment, 
and tissues were often collected prior to the 1980s and were 
collected and analyzed using outdated field and laboratory 
analysis methods. In particular, methods have improved sig 
nificantly for the collection and analysis of mercury at the 
sub-parts-per-trillion level. Resampling for trace elements in 
bed sediment probably does not need to take place in all sub- 
watersheds but perhaps could focus on the lower parts of the 
watersheds where more sediment, and perhaps trace ele 
ments, may have accumulated.

The long-term, water-chemistry monitoring program 
run by MMSD has collected thousands of samples over 
many sites in the MMSD planning area, contributing much 
of the water-chemistry data to the MMSD Corridor Study 
database. However, the MMSD monitoring program typi 
cally collects data during ice-free conditions, usually March 
through November (although some data have been collected 
in late-winter months). The absence of samples during win 
ter months or during early snowmelt episodes limits the pic-
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ture for certain nutrients that have a seasonal signal and for 
chloride, which may be affected by factors such as road deic- 
ing during the winter. USGS and USEPA STORET data 
bases contributed some sample information for winter 
months, although these data are still probably too sparse for 
adequate design of future monitoring programs.

There were relatively few recent macroinvertebrate and 
fish-community samples available in the MMSD Corridor 
Study database. In particular, not many samples were col 
lected in the 1990s. Typically, macroinvertebrate sampling 
was only done once or twice at a particular site, which limits 
the ability to show change in the community through time. 
The sampling frequency for macroinvertebrates has been rel 
atively steady over the past 30 years. Fish-sampling efforts 
also involved visiting a site just one or twice in the past 30 
years. Extensive fish sampling took place in the 1970s; how 
ever, the number of samples collected since then has 
dropped. Available habitat data are relatively recent, in part 
because of new assessment protocols. (Although data col 
lected prior to the 1990s were available, the data-collection 
approach was subjective; therefore, these data were not 
included in the MMSD Corridor Study database.) The task of 
making habitat-assessment data electronic is onerous, and 
data-entry efforts may lag in comparison to assessments 
completed. For example, some recent WDNR sampling 
efforts produced data that are relevant to the MMSD plan 
ning area but were not available at the time for incorporation 
into the MMSD Corridor Study database; these data should 
be considered when choosing sampling sites and effort for 
the Phase II monitoring.

Additional data collection may be useful for physical 
characteristics such as stream-channel cross-section profiles, 
bridge-scour assessments, flood-plain maps, structures, and 
shoreline conditions.

Summary and Conclusions

The Milwaukee Metropolitan Sewerage District 
(MMSD) Corridor Study is a three-phase project designed to 
improve understanding of water resources in the stream cor 
ridors of the MMSD planning area and to provide tools by 
which the success of future projects can be predicted. The 
study is being conducted by the following collaborating 
agencies: MMSD, Wisconsin Department of Natural 
Resources (WDNR), Southeastern Wisconsin Regional 
Planning Commission (SEWRPC), U.S. Geological Survey 
(USGS), University of Wisconsin-Milwaukee, Marquette 
University, and Wisconsin Lutheran College. The study 
approach is to (1) initially compile existing data and (2) use 
the compiled information to develop a 3-year baseline and 
long-term monitoring plans.

A literature review of surface-water quality, surface- 
water quantity, and ecology studies conducted from 1970 
through 2001 was completed, and summaries of each study

are provided in this report. There were 195 documents that 
described surface-water quality issues in the MMSD plan 
ning area and 133 documents that addressed surface-water 
quantity questions. Surface-water quality documents 
included information describing nutrients, pesticides, inor 
ganic and organic contaminants, urban issues, and modeling. 
Surface-water quantity documents discussed topics such as 
streamflow or stream stage, extreme flows, runoff calcula 
tions, and geomorphology. A total of 136 documents related 
to ecology. These documents presented information regard 
ing fish, macroinvertebrates, habitat, wetlands, and manage 
ment issues. In addition, an inventory of GIS spatial cover 
ages available for the MMSD planning area was assembled. 
Thematic information included data regarding land use, 
infrastructure, geology, and hydrography.

A database of water, sediment, and tissue (fish, shell 
fish, and others) chemistry, macroinvertebrates, fish, algae, 
habitat, geomorphic, and other physical and ecological data 
was compiled from datasets from MMSD, USGS, WDNR, 
and USEPA for 1970 through 2002. More than 2.7 million 
results are available in the MMSD Corridor Study database 
and the compilation of multiple datasets allows for retrieving 
data from a central database rather than from each of the 
source datasets.

Analysis of data in the MMSD Corridor Study database 
must be done with caution and an understanding of the limi-

^
tations of data collected for the 420-mi planning area by 
various agencies using different field data-collection and 
laboratory-analysis methods. Challenges to combining data 
sets included varying definitions of sampling sites, minimal 
documentation of constituents, insufficient description of the 
laboratory-analysis method, differences in sample collection 
and laboratory analysis methods over the 30-year period and 
between agencies, and lack of sampling-purpose information 
that was available in an easily accessible format. Some data 
were collected as part of a routine monitoring program 
whereas other data were collected in areas known to be con 
taminated.

Some data were reported as less than a "reporting 
limit," definitions for which varied. Often, multiple report 
ing limits for each constituent were reported. Data with con 
centrations reported as "less than" were set to half their orig 
inal concentration or half the reporting limit concentration 
(when the original concentration was reported as zero) for 
purposes of data analysis.

Chemical constituents and ecological components that 
are important to an urban setting and well represented in the 
database were selected for further investigation. Each con 
stituent or component is described in this report with some or 
all of the following: a text summary, map of sampling loca 
tions, and in some cases median concentrations, statistical 
distribution of concentrations by subwatershed, table of 
summary statistics by subwatershed, and graphs of temporal 
and (or) seasonality trends (examined for five selected sites). 
Measured values and concentrations were compared to
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USEPA, WDNR, and Canadian drinking-water and aquatic- 
life guideline values where available.

Streamgages, stream-stage gages, and meteorological 
stations collecting rainfall data since 1998 were distributed 
throughout the MMSD planning area. Collection of inor 
ganic, nutrient, and physical field-measurement data since 
1998 was also generally well distributed. Collection of pes 
ticide, organic-chemical, and trace-element data since 1998 
was not widespread. Sites where bacterial, biological, or 
habitat and channel-measurement data were collected since 
1998 were widely distributed throughout the MMSD plan 
ning area.

Physical Data

Physical data included streamflow, stream stage, and 
precipitation data. Streamflow data were available from the 
USGS for 42 sites with various periods of record since 1970. 
Stream-stage data were available from MMSD for four sites, 
with data collection beginning in 1994. MMSD measured 
precipitation at 20 gages in the planning area since 1993.

Chemical Indicators of Water Quality

Chemical indicators of water quality examined in the 
report included field measurements and miscellaneous con 
stituents (pH, alkalinity, specific conductance, hardness, dis 
solved oxygen, biochemical oxygen demand, and chloride), 
sediment (total suspended solids and suspended sediment), 
nutrients (total nitrogen, nitrate, Kjeldahl nitrogen, total 
phosphorus, and dissolved phosphorus), trace elements (cad 
mium, mercury, copper, lead, arsenic, chromium, nickel, and 
zinc), pesticides (historically used pesticides and pesticides 
still in use), and poly chlorinated biphenyls.

Field Measurements and Miscellaneous 
Constituents

Aquatic organisms are strongly influenced by physical 
properties and chemical constituents of water which them 
selves can be influenced by natural environmental factors 
and the urban setting.

pH. Maximum pH measurements were above the 
guideline of 9.0 standard units in the Muskego Lake, Kin- 
nickinnic River, Lower Menomonee River, Upper Menom- 
onee River, Lincoln Creek, Lower Milwaukee River, and 
Lower Oak Creek subwatersheds. Minimum pH measure 
ments were below the guideline of 6.5 standard units in the 
Kinnickinnic River, Lower Menomonee River, Upper 
Menomonee River, Lower Milwaukee River, Mitchell Field 
Drainage Ditch, Muskego Lake, Upper Root River, and Wil 
son Park Creek subwatersheds. Seasonal variations in pH 
measurements tended to follow the growing season of 
aquatic plants. Long-term trends in pH measurements for

most sites had a slight upward trend in the early to mid-1980s 
followed by a slight downward trend until the latter 1990s 
and continued with an upward trend through 2002.

Alkalinity. The Upper Root River, Upper Oak Creek, 
Upper Menomonee River, Middle Root River, and Lower 
Oak Creek subwatersheds had the highest median alkalinity 
concentrations (262 to 325 mg/L as CaCO3). Median con 
centrations in the Little Menomonee River, Honey Creek, 
Kinnickinnic River, and Muskego Lake subwatersheds were 
the lowest (below a reporting limit to 160 mg/L as CaCO3). 
Patterns in seasonal and temporal trends were evident in 
alkalinity data, although the long-term trends were less pro 
nounced.

Specific conductance. Median specific conductance 
greater than 1,000 jiS/cm was measured in the Wilson Park 
Creek, Honey Creek, Underwood Creek, Lower Oak Creek, 
Middle Oak Creek, Upper Oak Creek, Middle Root River, 
and Upper Root River subwatersheds. The lowest median 
specific conductance, less than 650 jiS/cm, was measured in 
Muskego Lake, Kinnickinnic River, Butler Ditch, and Lower 
Milwaukee River subwatersheds. Seasonal variability of 
specific conductance, paralleling the use of deicing com 
pounds, was apparent. Temporal trends indicated year-to- 
year variation in specific conductance.

Hardness. The highest median hardness concentrations 
were measured in the Upper Oak Creek (450 mg/L as 
CaCO3 ) and Upper Root River (430 mg/L as CaCO3 ) subwa 
tersheds. The lowest median concentrations were measured 
in the Little Menomonee River (63 mg/L as CaCO3 ) and 
Underwood Creek (130 mg/L as CaCO3 ) subwatersheds. A 
slight long-term downward trend in hardness concentrations 
was observed for all sites except Lincoln Creek, which had a 
slight upward trend.

Dissolved oxygen. The Upper Root River (5.13 mg/L) 
and Lower Menomonee River (6.50 mg/L) subwatersheds 
had the lowest median dissolved oxygen concentrations. 
Willow Creek (9.81 mg/L) and Honey Creek (9.47 mg/L) 
subwatersheds had the highest median concentrations. Dis 
solved oxygen concentrations varied with the season, with 
the lowest concentrations generally observed in warm 
months.

Biochemical oxygen demand, 5 day. The subwater 
sheds with the highest median biochemical oxygen demand 
(5 day) concentrations were Mitchell Field Drainage Ditch 
(1,865.0 mg/L) and Wilson Park Creek (100.0 mg/L), both 
of which receive water draining from the General Mitchell 
International Airport. Nearly all other subwatersheds had 
median concentrations less than 3.0 mg/L.

Chloride. The highest median chloride concentrations 
(135 to 190 mg/L) were measured in the southern part of the 
planning area; specifically, the Upper Root River, Middle 
Root River, Upper Oak Creek, Middle Oak Creek, and 
Lower Oak Creek subwatersheds. Subwatersheds with the 
lowest median concentrations (below a reporting limit to 
42 mg/L) were Dousman Ditch, Lower Milwaukee River, 
Wilson Park Creek, and Lake Michigan Direct. Chloride
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concentrations showed a rise during the winter months, 
likely related to road deicing. Long-term trend patterns in 
chloride started with a slight upward trend in the early 80s, 
followed by a very gradual downward trend until 1996, con 
tinued with a very gradual upward trend until 2000, and 
ended with a slight fall through 2002.

Sediment

The sediment load of a stream can influence the type of 
organisms able to exist in the stream and indicate the signif 
icance of erosion and transportation of sediment from the 
watershed and (or) streambanks.

Total suspended solids. The Lower, Middle, and 
Upper Oak Creek and Root River subwatersheds had the 
highest median total suspended solids concentrations (685 to 
875 mg/L), with increasing median concentrations in the 
downstream direction for each river. The lowest median con 
centrations (7 to 23 mg/L) were measured in the Wilson Park 
Creek, Willow Creek, and Mitchell Field Drainage Ditch 
subwatersheds. A seasonal pattern was noted at some sites, 
with higher concentrations during late winter to early spring.

Suspended sediment. The Kinnickinnic River, Under 
wood Creek, and Upper Root River subwatersheds had the 
highest median suspended-sediment concentrations (204 to 
356 mg/L). Median concentrations of the Lincoln Creek and 
the Lower Milwaukee River subwatersheds were the lowest 
(25 to 28 mg/L).

Nutrients

Nutrients in surface waters are a concern because high 
levels can result in excessive plant growth, which in turn 
may lead to lowered dissolved oxygen as the plants decom 
pose.

Total nitrogen. In most cases, concentrations of total 
nitrogen were derived from summing data for either dis 
solved nitrate and dissolved Kjeldahl nitrogen concentra 
tions or for dissolved nitrate, total organic nitrogen, and dis 
solved ammonia nitrogen concentrations. The highest 
median concentration (53.70 mg/L as N) was measured in 
the Mitchell Field Drainage Ditch subwatershed. In addition, 
median concentrations in Wilson Park Creek, Little Menom- 
onee River, Willow Creek, Lower Milwaukee River, and the 
Lower Root River subwatersheds exceeded the nutrient cri 
terion of 1.59 mg/L as N. Subwatersheds with the lowest 
median concentrations (0.10 to 1.07 mg/L as N) were Honey 
Creek, North Branch Oak Creek, and Middle Oak Creek.

Nitrate. The highest median nitrate concentrations, 
which were above the proposed USEPA nutrient-criterion 
concentration of 0.94 mg/L as N, were measured in the 
Lower Root River and Wilson Park Creek subwatersheds. 
Subwatersheds with the lowest median concentrations (at or 
below reporting limits) were the Little Menomonee River, 
Underwood Creek, Milwaukee River Non-Contributing, and

North Branch Oak Creek. There was distinct seasonally in 
the nitrate concentrations, with concentrations lower in the 
summer and higher in the winter. Long-term trends in nitrate 
concentrations showed minimal concentrations from the late 
1980s to the early 1990s at most sites.

Kjeldahl nitrogen. The highest median Kjeldahl nitro 
gen concentrations were measured in the Mitchell Field 
Drainage Ditch (18.50 mg/L as N) and Wilson Park Creek 
(2.58 mg/L as N) subwatersheds. Subwatersheds with the 
lowest median concentrations (0.20 to 0.65 mg/L as N) were 
Honey Creek, Middle Root River, Upper Oak Creek, and 
North Branch Oak Creek in the southern part of the planning 
area.

Total phosphorus. Subwatersheds with the highest 
median total phosphorus concentrations (0.112 to 
0.350 mg/L as P) were Whitnall Park Creeks, Mitchell Field 
Drainage Ditch, and Lower Root River. Subwatersheds with 
the lowest median concentrations (below a reporting limit to 
0.028 mg/L as P) were the Little Menomonee River, Butler 
Ditch, Dousman Ditch, South Branch Underwood Creek, 
Milwaukee River Non-Contributing, and North Branch Oak 
Creek.

Dissolved phosphorus. The highest median dissolved 
phosphorus concentrations (0.055 to 0.059 mg/L as P) were 
measured in the Little Menomonee River, Willow Creek, 
and Lower Root River subwatersheds. The Honey Creek, 
Kinnickinnic River, Muskego Lake, Middle Root River, 
Upper Oak Creek, and Lower Oak Creek subwatersheds had 
the lowest median concentrations (0.010 to 0.020 mg/L as 
P).

Trace Elements

Organisms exposed to trace elements found in surface 
water, sediment, and other organisms lower in the food chain 
can be at risk for detrimental health affects.

Cadmium. No subwatersheds had median cadmium 
concentrations in water above the WDNR (Wisconsin 
Department of Natural Resources) MCL (Maximum Con 
taminant Level), USEPA (U.S. Environmental Protection 
Agency) MCL, and Canadian MAC (Maximum Acceptable 
Concentration) drinking-water guideline of 5 [ig/L. The 
highest median cadmium concentrations in sediment (3.9 to 
4.4 [ig/g), all above the PEL (Probable Effect Level), were 
measured in the Kinnickinnic River, Little Menomonee 
River, and Lower Menomonee River subwatersheds. The 
Upper Menomonee River, Little Menomonee Creek, Lilly 
Creek, Lincoln Creek, Muskego Lake, and Middle Root 
River subwatersheds had the lowest median concentrations 
in sediment (0.4 to 2.0 [ig/g).

Mercury. The highest median mercury concentrations 
in water were measured in the Lower Menomonee River 
(0.100 |ig/L) and Upper Menomonee River (0.100 |ig/L) 
subwatersheds; however, the majority of results for both sub- 
watersheds were below a reporting limit. The highest median
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mercury concentration in sediment (0.460 |ig/g) was mea 
sured in the Lower Menomonee River subwatershed. The 
Little Menomonee Creek, Lilly Creek, Lincoln Creek, and 
Middle Root River subwatersheds had the lowest median 
concentrations in sediment (0.020 to 0.070 |ig/g).

Copper. The highest median copper concentrations in 
water were in the Underwood Creek (19.0 (ig/L) and Lincoln 
Creek (10.0 jig/L) subwatersheds; median concentrations in 
all other subwatersheds were below 10.0 jig/L. The highest 
median copper concentrations in sediment were measured in 
the Lower Menomonee River (140.0 [ig/g) and Little Meno 
monee River (140.0 Jig/g) subwatersheds. The Upper Meno 
monee River, Little Menomonee Creek, Lilly Creek, and 
Lincoln Creek subwatersheds had the lowest median con 
centrations in sediment (29.0 to 39.0 Jig/g).

Lead. Median lead concentrations in water (15.0 (ig/L 
to 24.5 |lg/L) in the Underwood Creek, Lower Menomonee 
River, Kinnickinnic River, Middle Oak Creek, Upper Oak 
Creek, Lower Oak Creek, and Lower Milwaukee River sub- 
watersheds met or exceeded water-quality guideline concen 
trations of 15 (ig/L for the WDNR TTAL (Treatment Tech 
niques Action Level) and the USEPA MCL. The highest 
median lead concentration in sediment was found in the 
Honey Creek subwatershed (4,100.00 Jig/g). The Upper 
Menomonee River, Little Menomonee Creek, Lilly Creek, 
Lincoln Creek, Muskego Lake, and Middle Root River 
subwatersheds had the lowest median concentrations in 
sediment (6.5 to 80.0 |ig/g).

Arsenic. Median arsenic concentrations in water were 
low when compared to maximum concentrations and were at 
reporting-limit concentrations in most cases. The Little 
Menomonee Creek (38.0 |ig/g) and Lilly Creek (10.0 |ig/g) 
subwatersheds had the highest median arsenic concentra 
tions in sediment. The Upper Menomonee River, Lincoln 
Creek, and Middle Root River subwatersheds had the lowest 
median concentrations (2.0 to 4.0 |ig/g).

Chromium. No median chromium concentrations in 
water exceeded the WDNR and USEPA MCL drinking- 
water guideline concentration of 100 jig/L or the Canadian 
drinking-water guideline concentration of 50 [ig/L. The Kin 
nickinnic River subwatershed had the highest median chro 
mium concentration in sediment (330.0 |ig/g). The Upper 
Menomonee River, Little Menomonee Creek, Lilly Creek, 
Lincoln Creek, and Middle Root River subwatersheds had 
the lowest median concentrations in sediment (8.0 to 
30.0 jig/g).

Nickel. Nearly all median nickel concentrations in 
water appeared to be below a reporting limit. The Little 
Menomonee River subwatershed had the highest median 
nickel concentration in sediment (40.0 [ig/g). The lowest 
median concentrations in sediment were in the Upper Meno 
monee River, Little Menomonee Creek, and Lilly Creek sub- 
watersheds (20.0 |ig/g).

Zinc. Median zinc concentrations in water (30 to 
90 mg/L) in the Underwood Creek, Mitchell Field Drainage 
Ditch and Little Menomonee River subwatersheds matched

or exceeded the Canadian aquatic-life guideline concentra 
tion of 30 mg/L. The Little Menomonee River, Lower Meno 
monee River, and Kinnickinnic River subwatersheds had the 
highest median zinc concentrations in sediment (503 to 
540 mg/g). The Upper Menomonee River, Little Menom 
onee Creek, Lilly Creek, Lincoln Creek, and Middle Root 
River subwatersheds had the lowest median concentrations 
(52 to 160 mg/g).

Pesticides

Historically used pesticides. The following histori 
cally used pesticides were selected from the MMSD Corri 
dor Study database for description in this report: chlordane, 
dieldrin, DDT, DDE, DDD,p,p'-DDT,p,p'-DDE, andp,p'- 
DDD in sediment; and dieldrin, chlordane (cis and irons iso- 
mers), nonachlor (cis and trans isomers), p,p '-DDT, p,p '- 
DDE, andp,/?'-DDD in tissue (fish, shellfish, and others). Of 
the selected pesticides in sediment, only dieldrin was at a 
concentration below the reporting limit. Of the selected pes 
ticides in tissue, the following were found only at concentra 
tions below the reporting limit: chlordane (cis and trans iso 
mers), nonachlor (cis isomer), p,p'-DDT, andp,/?'-DDD. 
Most sites with data for pesticides in sediment were clus 
tered around the confluence of the Milwaukee, Menomonee, 
and Kinnickinnic Rivers. Data for pesticides in tissue were 
available for several sites in the Milwaukee and Kinnickin 
nic watersheds. Nearly all data for pesticides in sediment and 
tissue were collected in the early 1990s or before.

Pesticides still in use. Pesticides in current use are most 
likely found in surface water and include atrazine, deethyl 
atrazine, diazinon, metolachlor, prometon, simazine, and 
2,4-D. All of the selected pesticides were observed at con 
centrations above the reporting limit in at least one sample; 
however, no maximum concentration of any of the selected 
pesticides was above an MCL or other health advisory level. 
Data selected for analysis in this report were collected at two 
sites: the Milwaukee River at Estabrook Park in Milwaukee 
and Lincoln Creek at 47th Street in Milwaukee during 1993- 
2002 and 2001-2002, respectively.

Polychlorinated Biphenyls

Sites with PCB data in water were distributed through 
out the planning area. Sites sampled for PCBs in sediment 
were sparse throughout the northern part of the planning 
area, with a concentration of sites at the confluence of the 
Milwaukee, Menomonee, and Kinnickinnic Rivers. Sites 
with PCB data in tissue were sparse. Concentrations of most 
PCB data were below a reporting limit, and the latest collec 
tion date was usually during the mid-1990s.

Samples from a subset of the sites where all PCBs were 
analyzed for were also analyzed for toxic PCBs. No data for 
toxic PCBs in tissues were available. Nearly all concentra 
tions of toxic PCBs in water were below a reporting limit,
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whereas nearly all concentrations of toxic PCBs in sediment 
were above a reporting limit. All data for toxic PCBs were 
collected in the 1990s.

Ecological Indicators of Water Quality

Ecological indicators of water quality discussed in the 
report include community surveys of macroinvertebrates and 
fish, chlorophyll a concentrations, habitat assessments, 
channel-measurement data, and fecal coliform and E. coli 
bacterial counts.

Macroinvertebrates. Index scores based on macroin- 
vertebrate communities can indicate relative quality of sur 
face water. Subwatersheds with a relatively low median per 
centage (0 to 1 percent) of invertebrates in the insect orders 
Ephemeroptera Plecoptera Trichoptera (EPT) (indicating 
poor water quality) were the Little Menomonee River, Nor- 
X-Way Channel, Lincoln Creek, Kinnickinnic River, Wilson 
Park Creek, Deer Creek, East Branch Root River, and North 
Branch Oak Creek. The highest median percent EPT concen 
trations (40 to 51 percent) for subwatersheds were calculated 
for Lower Root River, Middle Root River, Middle Oak 
Creek, and Cedar Creek.

The Hilsenhoff Biotic Index (HBI) represents the num 
ber of arthropod invertebrates in certain species multiplied 
by their pollution-tolerance value, divided by the number of 
arthropods in the sample. Subwatersheds with median HBI 
scores (6.58 to 8.00) indicating "poor" or "very poor" water 
quality were the Little Menomonee River, Deer Creek, North 
Branch Oak Creek, Upper Oak Creek, Middle Oak Creek, 
Lower Oak Creek, Upper Root River, Lower Root River, and 
East Branch Root River. Only the Little Menomonee Creek 
(4.80) and Willow Creek (4.87) subwatersheds had median 
HBI scores indicating a "good" water-quality rating.

Fish. Fish collection has taken place in all but the small 
est headwater streams in the MMSD planning area at one 
time or another; however, the majority offish data collection 
took place in the 1970s. The Index of Biotic Integrity (IBI), 
which assesses biotic integrity and environmental quality of 
small streams, was calculated for fish data collected since 
1990. The Lincoln Creek subwatershed had the lowest 
median IBI score (10), indicating "very poor" conditions. 
The Lower Milwaukee River subwatershed had the highest 
median IBI score (62), indicating "good" conditions.

Chlorophyll a. The highest median chlorophyll a con 
centration (11.70 mg/m3) was measured in the Lower Milwau 
kee River subwatershed, and the lowest median concentration 
(1.46 mg/m3) was measured in the Upper Root River subwa 
tershed. A subtle seasonal pattern corresponding to algal- 
bloom periods was displayed by chlorophyll a data. Long- 
term trends at three sites showed an absence of relatively high 
concentrations during the late 1980s and early 1990s.

Habitat and geomorphic data. Sites where habitat 
assessments were done were sparse throughout the MMSD 
planning area but they were in many subwatersheds except

those of the Fox River watershed. Data for habitat assess 
ments were available beginning in 1991 and extending 
through the late 1990s or 2001 in most subwatersheds. Addi 
tional stream-channel morphology and streambed measure 
ments were recorded during the MMSD Menomonee River 
Sediment Transport study (2000-01). Sites examined as part 
of the Menomonee River sediment transport study were 
exclusively in the subwatersheds of the Menomonee River 
watershed and were sampled once (Inter-Fluve, Inc, 2001).

Bacteria. The highest median fecal coliform concentra 
tions were measured in the Underwood Creek (20,000 
CFU/100 mL) and Honey Creek (16,650 CFU/100 mL) sub- 
watersheds. The lowest median concentration (230 CFU/ 
100 mL), which was above the USEPA recreational limit of 
200 colonies per 100 mL, was measured in the Middle Root 
River subwatershed.

E. coli samples were collected in six subwatersheds 
in the planning area beginning in October 2000. The highest 
median concentrations were measured in the Honey Creek 
(2,400 CFU/100 mL) and Lincoln Creek (1,300 CFU/100 mL) 
subwatersheds. The Lower Milwaukee River (220 CFU/100 
mL) and Upper Menomonee River (300 CFU/100 mL) sub- 
watersheds had the lowest median concentrations.

Potential Areas for Data Collection for 
Phase II

A major purpose of this study was to determine where 
additional sampling should be conducted under the second 
phase of the Corridor Study. Additional sampling may 
include:

• Some subwatersheds, such as those in the headwaters.

• Emerging contaminants such as pharmaceuticals 
and personal care products (PPCPs), human hor 
mones, organic wastewater contaminants, and other 
constituents that result from human activity.

• E. coli, which can serve as an indicator of health risk 
to swimmers and other recreationl water users.

• Pesticides in all media.

• PCBs.

• Trace elements in water, bed sediment, and tissues 
(fish, shellfish, and others).

• Samples during winter months or during early 
snowmelt episodes to address constituents such as 
chloride and some nutrients that have seasonal vari 
ability and that may be affected by factors such as 
road deicing during the winter.

• Samples for macroinvertebrate and fish-community 
data and habitat assessments.

• Physical data such as stream-channel cross-section 
profiles, bridge-scour assessments, flood-plain 
maps, structures, and shoreline conditions.
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Study on Milwaukee Harbor, Green Bay, and Lake Erie. Sampling s 
Kinnickinnic, and Menomonee Rivers were included. An investigat 

aromatic compounds found in sediments under anaerobic condition 

looked at the role of iron- and manganese-reducing bacteria.
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Statewide evaluation of nonpoint-source contamination and management practices. Lincoli 

Creek and Milwaukee River were included in the study. Data were given for precipitation, 

suspended solids, phosphorus, and metals.
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Local study on the quality of the water taken in by the Howard Avenue and Linwood plant 

Turbidity, pH, temperature, alkalinity, and wind velocity were examined.
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Local study of the North Avenue urban impoundment on the Milwaukee River. A model wt 
to simulate water and sediment quality in areas contaminated by toxic metals.
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Local study of the North Avenue urban impoundment on the Milwaukee River. Sediment v characteristics, and contamination were examined. Sources of toxic metals were found to b 

urban runoff.
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Local study using LANDRUN, a model used to estimate the quantity and quality of runoff 
and eroded particulates from watersheds with mixed land uses. Runoff, sediment, volatile s pended solids, and phosphate data from Novey Creek, Schoonmaker Creek, and the Little I 

monee River were used to calibrate the model.
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Study on the Milwaukee River and the canals of Venice. The study examined nonpoint-sou pollution and looked at problems associated with excess nutrients and their relationship wi ductivity and oxygen demand. Included were data on DO, nitrogen, and chlorophyll a level 

MMSD.
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Local study with information on the Menomonee River watershed and some of the tributari within the watershed. The model LANDRUN (a model used to estimate the quantity and qu 
runoff water and eroded particulates from watersheds with mixed land uses) was used for e ing sediment loadings from various land uses and other factors like soil characteristics and 

viousness. Phosphorus loadings were also examined.
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Local study on Milwaukee metropolitan area to develop a snowmelt-runoff model. The mo< be used to predict snow accumulation and snowmelt in urban areas. The study looks at ace tion of contaminants in snow, flow rates, and use of deicing chemicals. A model was used 

ulate chloride concentrations and flow.
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Regional study of surface-water quality of Wisconsin streams in the Western Lake M Drainages. The study included sites on the Milwaukee River and Lincoln Creek and d 

techniques used to collect water samples and methods for analysis.
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Local study on PCBs from the Milwaukee Harbor Estuary, Inner and Outer Milwauke and the Kinnickinnic River. Sediment cores were dated and analyzed to try to determin 

PCB concentrations.
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Local study on the Menomonee River. The study evaluates the potential of returning t 
more natural state and improving recreational access. Some of the proposed ideas wei 

wetland, making a trail, and removing the concrete lining.
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Local study examining water quality taken into the Linwood and Howard Avenue Fill 
Plants. A change in the location of the intake was recommended for the Howard Aver which obtained water flowing from the harbor. The study examined levels of ammoni 

temperature, and turbidity coming from the Harbor.
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Summary of studies done in the Western Lake Michigan Drainages as part of the Nati Quality Assessment Program. Included was information for the Milwaukee River and Creek regarding the physical description of the study area; pesticide, nutrient, trace el organic compound concentrations; and index values for macroinvertebrates, fish, habi 

algae.
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Regional study on the Western Lake Michigan Drainages. The report detailed natural pogenic features of the area that have an effect on water quality. These included geolo 

vegetation, land use, and hydrologic and biological characteristics.
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Summary of a meeting concerning the Western Lake Michigan Drainages, which was 
part of the National Water-Quality Assessment Program. Included are summaries of p 

made at the meeting, which included information on pesticides in the Milwaukee Riv< 

coin Creek.
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Regional study of the Wisconsin coast. Milwaukee, Kinnickinnic, Root, and Menomo 
and Oak Creek were included in the study. Fish, sediment, and effluent samples were 

contaminants.
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Regional study on small streams includec 
ners. The major goal of the program was tions for discharges to streams. Secondly, 

plant efficiency on stream health.

the Root River tributaries in New Berlin and Hales Cor- to provide data for the development of waste load alloca- it aimed to document the effects of increased treatment-
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Local study on Big Muskego Lake. A des aquatic plants, fish, wildlife, recreational

cription of drainage characteristics, soils, water quality, 
use, and the surrounding land use was included.
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Local study on Milwaukee River to create 
Data for zinc, cadmium, chromium, lead, vided. Total organic carbon, total volatile

; a model for predicting concentrations of heavy metals, and copper in sediment and mudflat samples were pro- 

solids, and pH were also examined.
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Statewide study to evaluate the effectiven point-source contamination. Lincoln Cret The study discussed land-use practices, n

ess of best-management practices for controlling non- :k and the Menomonee River were included in the study, 
aral loads, stream-water quality, and snowmelt runoff.
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Local study to determine long-term toxici Fish hepatoma cells were used and expos

ty effects on stream biota from urban stormwater runoff, 

ed to water from Lincoln Creek.
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Local study on chlorobiphenyls in the Mi discharged to natural waters through mun

Iwaukee River. The contaminants were shown to be 

icipal and industrial wastes.
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Study of the Milwaukee River to determi found in fish. Analysis procedures were d compounds were determined.

ne the chemical nature of organochlorine compounds 
eveloped and the sources, fate, and concentrations of the
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Local study of MMSD area addressing th was the issue of overflows caused by infi water quality and how the plan will affec

e proposed Master Facilities Plan. The focus of the study 
tration of ground water and stormwater. Current (1980) 

t it was examined.
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Statewide study on Wisconsin lakes. The majority of informat 

chloride levels were given for Little Muskego Lake.
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Local study on stormwater pollution in Milwaukee County. Tl ing as well as detention and retention basins. Also evaluated w 

the anticipated pollution load removals.
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of dredging the lake.
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Report for the entire Milwaukee River watershed. The purpose of the r lie process to determine useful measurements for describing ecosystem 
indicators including air, water, biodiversity, and education were discus sented for VOCs, fish advisories, ozone, transportation, and land use.
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Local study of the Milwaukee Estuary and rivers draining into it. The 
mental problems and impaired uses and gave a brief overview of each, 

mendations for plans to restore water quality.
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Statewide study using six watersheds as study areas included the Milw goal of the study was to determine the extent to which management pr 
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Local study on the Wind and Muskego Lakes and the tributaries draini examined nonpoint-source pollution with the main focus on sediment
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Local study on Milwaukee River South watershed. The existing water- concerns such as habitat and sewage- treatment plants were described a 

causes and management strategies were outlined.

3 J2

•o EL
0 £

2 B 
(D CL 
£ CD
aS 
|I2:3 ^ §
ff-

-3 H-

-25^

O"1 ^ 2*

f? G t/3 CD o ^o

S 3 CO ft,
B

O"*

X

X

X

X

Statewide study to establish a database on the distribution and abundar study compares the 1900-72 distributions to the studies in 1974-86.

(D 
O

EL
B»
&•
•o
(D 
O§'

5
(D

|||
^5 ^ ££.

^° o
i-s
CO f[|

o

X

X

X

X

X
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sediments, phosphorus, and lead.
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Local study on the Milwaukee River. The effect the North Shore Tun 
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Local study with data from the Menomonee River and Honey Creek inant loads in water were discussed — integration, composite, and str 
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Local study on characteristics, sources, and management of urban st County. This volume was an executive summary of the entire study.
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Study on the Menomonee River watershed. Water monitoring was p 
of pollutants from land drainage of mixed and single land uses. The 

solids, phosphorus, and lead but discussed other constituents as wel] 
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Local study on the combined loadings of the Menomonee, Milwauk 
effects of wind-induced suspension of sediment on water quality in t 

were also discussed.
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Study on Milwaukee, Menomonee, and Kinnickinnic Rivers before Storage System to determine its role in reducing pollution. Levels o: 

coliforms, zinc, chloride, and BOD were examined.
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Statewide study on nonpoint-source pollution. Rainfall, water quality, bedload, metals, DO, total and dissolved hardness, and quality control were examined. Data on precipitation and storm water runoff was 

given for the Menomonee River.
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Local study on the Milwaukee and Menomonee Rivers to show the relationship of bacteriolytic organism 
with fecally polluted waters. Presence of the organisms was compared with levels of sewage-indicator 

bacteria, and abundance was examined in relation to temperature and rainfall.
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Statewide map and description of low -flow frequency of Wisconsin streams. Included were several statioi 

on the Milwaukee, Menomonee, and other rivers in the MMSD planning area.
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Regional study on the Western Lake Michigan Drainages including sites on Lincoln Creek and the Milwa 
kee River. The sites were evaluated for stream habitat. Channel geometry, substrate, streambank, and 

riparian characteristics were examined.
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Local Environmental Impact Statement for a plan to dredge Little Muskego Lake. The goal of dredging w 
to improve aquatic life, aesthetic qualities, and recreational uses by deepening shallow areas and control 

ling macrophyte growth.
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Study on the Menomonee River watershed. Phosphorus levels were compared with particle size of soils, 

street dust, and bottom and suspended sediments. An attempt was made to identify phosphorus sources b 

particle-size composition.
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Local study on the Menomonee River watershed. Soil samples were taken and dispersed by shaking to sii 
ulate water erosion and particle transport conditions. After that, the samples were completely dispersed with ultrasound. The information gathered was used to measure ease of dispersibility of soils based on 

clay- sized particle content.
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Study of the Menomonee River watershed. Metal composition in sand-, silt-, and clay-sized fractions of 
soil types, bottom sediments, suspended sediments, and dust and dirt samples were analyzed. A method f( 

estimating soil dispersibility was developed.
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Local study on Lincoln Creek. An evaluation of semipermeable polymeric membrane devices as concenti 
tors of nonpolar organic contaminants, namely PAHs was made. Concentration levels were compared in 

relation to storm events. Uptake by fathead minnows and rusty crayfish was also examined.
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Local study of stormwater runoff collected from two urban freeways in Milwaukee. The samples were shown to be of poor water quality and were compared to samples from Jones Island Sewerage Treatment 

Plant, the Menomonee River, other stormwater data, and Wisconsin standards.
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Local study on the options for removing a drop structure on the Menomonee River. The goal of removing the drop structure was to improve the river for recreation use, enhance fisheries, and promote flood control. A secondary goal was to enhance the natural channel of the river and establish a more stable geomorphic 

balance.
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Local study on the Milwaukee Harbor using an unsteady-flow model. The model used channel-geometry 
streamflow at upstream tributaries and stage data at the estuary mouth to determine flow.
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Regional study to form mathematical equations to estimate low flow in streams using data from gaged sta 

tions. Drainage area and base-flow index were also taken into account.

ffi 5'
o-
SL

§

333°

^
-j
,0

X

X

X

X

Maps of the State showing sediment yields of Wisconsin streams that included a site on the Milwaukee 

River.
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Local study with sites on the Menomonee River, Lincoln Creek, and Southbranch Creek. The goal of the 
study was to determine whether removal of concrete channel lining significantly improved stream habitat. 

The report provided data and recommended a methodology to evaluate stream characteristics.
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A collection of papers concerning the Menomonee River. Section A contained scientific investigations and 
research data. Section B examined sociological and economic problems of pollution and examinations of 

types of abatement.
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Local study on storm water pollution in Milwaukee County. This volume presented the procedures used for 
the field monitoring data in volumes 1 and 2. Also described were the sites that were examined in the study.
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Local study on the Milwaukee River to estimate the impact of the removal of the North Avenue Dam by 
using a mathematical model. Data was given for levels of ammonia, nitrate, inorganic and organic phospho 

rus, chlorophyll a, BOD, DO, organic nitrogen, and streamflow.
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Multistate review of the Lake Michigan watershed and its subwatersheds, one of which was the Milwaukee River and the Estuary. Ongoing monitoring and recommendations for further actions were discussed.
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Local study on rivers in Milwaukee County. Chemical analysis was done on sediment, fish, 
and water samples to determine the effects of stormwater runoff on each. Bioaccumulation 

and an index of biotic integrity for macroinvertebrates was calculated.
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Local study on the Milwaukee Harbor Estuary. Sediment samples were analyzed for PAHs 
porosity, and TOC were also determined. The report discussed the effects of industrializati( 

waukee area.
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Regional study of the Western Lake Michigan Drainages. Lincoln Creek and Milwaukee R included in the study. Distribution and community structure of benthic invertebrates was di used as water-quality indicators. Environmental setting and habitat were also examined.
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Local study on the quantity of seepage from the Inline Storage System to the Milwaukee R 
studied was the effect on seepage by the Milwaukee Formation, a dolomite of low hydrauli
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Statewide report on water uses in Wisconsin. For each county the report tells how many ga water or surface water was used and whether it was for residential, industrial, commercial, stock purposes. The report also explains which rivers were used for hydroelectric and therm
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Statewide study on flood-frequency characteristics of Wisconsin streams. Drainage-basin c 

were analyzed.
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Local study describing ground-water impacts on the quality of the Menomonee River. Loac quantified and major contaminants and sources were identified. A predictive model was tes 

ground-water response to changes in land-use or management practices.
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Local study on the Menomonee River watershed. An examination of land use, phosphorus, suspended solids data was used to create a model to describe the contaminants that enter su 

from land surfaces after a rainfall event.
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Local study on acid rain, and its sources and effects in Milwaukee. Runoff was also evaluat 

report included data on pH and other chemical constituents.
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Local study on the Milwaukee River and the Blue Hole abandoned landfill. The purpose w 

hydrogeology and contaminant distribution in the landfill and to determine the effects of gro 

the Blue Hole site on the water quality of the Milwaukee River.
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Report on the Mitchell Field South Interceptor Mitchell Field Drainage Ditch and Oak Creek, 
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Report on a plan for combined-sewer overflow monee, and Kinnickinnic Rivers were examine

abatement. Envkonmental effects on the M 

d.

1
ftQ 
J*

g
CD 

O

oo E
3 ^

1 3
S o ^ _ ̂ H^

S e -J 3

X

X

Description of the MMSD Master Facilities Pla included an analysis of alternate solutions and

n, which was designed to reduce water poll an explanation of the pollution problems an

a. g. 
fl

$3

y a.

§
ciT

and oth

OB

t_J

^O

to

X

X

Local study on the Root River. Results were di 
Nonpoint Source Water Pollution Plan to deten

scussed in relation to the objectives of the 1 mine if the goals of the plan were being ach

? S 
n o 
P- PO

8
J5

CD

§
CD

and oth

g>
OB

^

VO

VO v — '

X

X
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The goal of this regional study was to determin quality monitoring data. Data for suspended so Menomonee River were included.
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Study on the Milwaukee River and the canals of Venice. The study examined nonpoint-source p looked at problems associated with excess nutrients and their relationship with productivity an 
demand. Included were data on DO, nitrogen, and chlorophyll a levels from MMSD.
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Local study with information on the Menomonee River watershed and some of the tributaries i 
watershed. The model LANDRUN (a model used to estimate the quantity and quality of runofl 

eroded particulates from watersheds with mixed land uses) was used for estimating sediment lo various land uses and other factors such as soil characteristics and imperviousness. Phosphoru 

were also examined.
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Local study on Milwaukee metropolitan area to develop a snowmelt-runoff model. The model to predict snow accumulation and snowmelt in urban areas. The study looks at accumulation o nants in snow, flow rates, and use of deicing chemicals. A model was used to simulate chloride 

tions and flow.
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Local study on Underwood Creek of an area prone to flooding. Modeling techniques were usec 
stormwater hydrographs and assess the effects a detention basin may have on discharge.
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Local study on Oak Creek using computer modeling to calculate flood risk. Land use and wea 

tions were taken into account.
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Local reports prepared for the MMSD Water Pollution Abatement Program. The study evaluat 
refined the 1980 Master Facilities Plan and included an environmental assessment.
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Local plan for the MMSD Underwood Creek Interceptor Facility with an environmental assess Underwood Creek, Dousman Ditch, and the Menomonee River. The study discusses land use, 

sources of pollution, and physical/chemical characteristics.
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Report on the Oak Creek North Branch Interceptor Facility Plan. The study examines the statu 

Creek and the effects the plan will have on it.
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Local plan for the Northridge Interceptor Facility with an environmental assessment on Beavei Trinity Creek, and Milwaukee River. Land use and physical/chemical characteristics were disc
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Local plan for water-pollution abatement facilities. Existing and future conditions affecting wat 

the area were discussed.
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Local study on the Menomonee River. The st natural state and improving recreational acce 
making a trail, and removing the concrete lin

udy evaluates the potential of returning the river to a more 
ss. Some of the proposed ideas were creating a wetland, 

ing.

3
S, ^h

— .

§

1

SVO
^

X

X

X

Local study on the Milwaukee, Kinnickinnic 
Burnham Canals. The report discussed probl 
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Summary of studies done on the Western La Assessment Program. Included was informat physical description of the study area; pestici tions; and index values for macroinvertebrate

ce Michigan Drainages as part of the National Water-Quality 
ion for the Milwaukee River and Lincoln Creek regarding the de, nutrient, trace element, and organic compound concentra- 

s, fish, habitat, and algae.
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Regional study on the Western Lake Michiga features of the area that have an effect on wa use, and hydrologic and biological characteri

n Drainages. The report detailed natural and anthropogenic ter quality. These included geology, climate, vegetation, land 
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Local study on the Root River watershed. Th flooding and detailed soil maps in order to pi

e study investigated the relation between areas subject to edict flood-plain boundaries in glaciated landscapes.
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Local study using LANDRUN, a model usec eroded particulates from watersheds with mi and phosphate data from Novey Creek, Scho 

to calibrate the model.

to estimate the quantity and quality of runoff water and red land uses. Runoff, sediment, volatile suspended solids, onmaker Creek, and the Littie Menomonee River were used
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Local study on the Menomonee River watershed to provide a plan that will work on the flooc and increase the health of the river and its habitat. Physical description of the area was given 
wildlife that was found there. Data for flooding and surface-water monitoring were also give
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Local study on the Kinnickinnic River watershed. The purpose of the study was to show the n 

prehensive watershed planning program to reduce pollution and flooding.
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Regional study on the Milwaukee River to show the need for comprehensive regional plannir discussed existing water conditions and problems, and gave possible solutions. Topics covere 

flooding, water quality, water supply, and recreation.
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Report on a regional study with maps showing topography and drainage, land use, physical se water quality, surface-water quality, and water use for the Lake Michigan drainage basin with
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Local geologic study of the soils adjacent to the Milwaukee, Menomonee, and Kinnickinnic foundation construction. The report included some information about climate and flooding.
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Regional study regarding nutrients and suspended sediment in ground- and surface-waters of Lake Michigan Drainages. A site on the Milwaukee River was included in the analysis.
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Regional study of the Western Lake Michigan Drainages. Study locations included sites on L Little Menomonee River, Honey Creek, Oak Creek, and the Kinnickinnic River. Streamflow, suspended sediment data were used to look at the effects on water quality by land use, surfici 

and bedrock type.
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Regional study on tributaries to Lake Michigan and Lake Superior, including the Milwaukee 
pended sediment and phosphorus loads were estimated for unmonitored locations using data 

tored sites. Stream gradient, land use, and soil type were also examined.
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Regional study of surface-water quality of Wisconsin streams in the Western Lake Michigan The study included sites on the Milwaukee River and Lincoln Creek and described technique 

lect water samples and methods for analysis.
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Study on tributaries to the Great Lakes in Canada and the United States, including the Milwa 
Because pollutant-concentration data were lacking for many rivers, flux rates were looked at 

flow. Tributaries were classified on the basis of flow variability and responsiveness.
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Becker and Johnson 
(1970)

X

Statewide study on minnows in Wisconsin. Contained a key for identification and 
included illustrations. There were also some notes on minnow abundance and dis 

tribution.

Becker (1976)

X

Multistate examination of fish in the Lake Michigan region. The report contained 

distribution maps and a description for each species.

Bannerman and others 
(197%)

X

X

X

X

X

Study on the Menomonee River watershed. Water monitoring was performed to assess kinds and amounts of pollutants from land drainage of mixed and single land uses. The study focused mainly on suspended solids, phosphorus, and lead but discussed other constituents as well. Benthic macroinvertebrate surveys were 

done.

Bacon and others 
(1995)

X

Statewide study on duck and geese populations and the amount of wetlands avail 

able for habitat. Information was given by region.

Auer(1982)

X

Multistate study of the Great Lakes region with emphasis on Lake Michigan drain 
ages. The study contained ecological information on larval fishes and illustrations 

for identification.

Anderson (2001)

X

X

X

X

X

Local study of the Menomonee River and Oak Creek to determine water quality. An index of biotic integrity for fish composition, a family biotic index, and a mul- 

timeric comparison for macroinvertebrates were used.

Anderson (1975)

X

X

X

Statewide classification of lakes by trophic condition. Most lakes examined were 
100 acres or larger. Big Muskego Lake and Little Muskego Lake were included in 

the study. Also discussed were lake protection and rehabilitation procedures and 

classification and management programs.

Amin and others 
(1973)

X

X

X

X

Local study on fish collected from the Root River from sites in Milwaukee and Racine counties. The fish were examined for infestation by the copepod Lernaea cyprinacea. Location and frequency of infestation was discussed in relation to fish 

body size and stream conditions.
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Druckenmiller (1980)

X

X

X

X

X

Local Environmental Impact Statement for a plan to dredge Little Muskego Lake. The goal of dredging was to improve aquatic life, aesthetic qualities, and recre 
ational uses by deepening shallow areas and controlling macrophyte growth.

DeVita (1994)

X

X

X

Local study on Lincoln Creek. An evaluation of semipermeable polymeric mem brane devices as concentrators of nonpolar organic contaminants, namely PAHs 
was made. Concentration levels were compared in relation to storm events. Uptake 

by fathead minnows and rusty crayfish was also examined.

De Vault (1985)

X

X

Multistate study of tributaries to the Great Lakes, including the Milwaukee and Kinnickinnic Rivers. Fish samples were analyzed for contamination from pesti 

cides and other priority pollutants, including PCBs and PAHs.

Cumming and Mayer 
(1992)

X

Multistate information on freshwater mussels. There was a one-page description of 

each mussel with colored picture and distribution map.

Corsi and others (200 Ib)

X

X

X

X

Local study of the effect of aircraft and runway deicers from General Mitchell International Airport regarding toxicity to aquatic life in receiving waters.

Casper (1996)

X

Statewide study on amphibian and reptile distribution. The report contained distri 

bution maps for each species.

Brynildson (1980)

X

X

X

X

Statewide study on endangered reptiles, fish, and molluscs. The report had descrip 

tions of 14 species and their distributions.

Boyer (1988)

X

Local study on the Milwaukee Harbor at the sediment-water interface. Sediment- profile photographs were taken to map sediment type. Gas voids and oligochaete 

worm tubes were also shown.

Bothwell(1977)

X

Local study of the Milwaukee Harbor and nearshore Lake Michigan, including a station at the confluence of the Milwaukee and Kinnickinnic Rivers. An investiga 
tion of phytoplankton populations in relation to nutrients was done, and other fac 

tors such as temperature, chloride, and alkalinity were considered.

r~ 
ff

1 
§ 
O 
» o'

Lake Michigan information
Stream information

Fish
Macroinvertebrates
Algae/macrophytes
Amphibians/reptiles

Birds
Mussels
Wildlife

Toxic bioassays
Endangered/threatened species

Tolerant/intolerant species
Non-native/invader species

Habitat
Wetlands

Human effects/urban issues
Community surveys
Management issues

Water-quality interpretations 
based on ecoloqy
Biotic index values

Other

Characteristics

Description

3 n w y ™ z
a|
3. <T

S-'S

CD 
« 
o

•3O r-t-

M 8 00 05
!-h C 13
". a °-
O °! Q-

•5
o

O
o

ue)i|odoj)3|/\|89Z



Harsch (1972)

X

X

A collection of papers concerning the Menomonee River. Section A contained sci entific investigations and research data. Section B examined sociological and eco nomic problems of pollution and examinations of types of abatement.
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X

Regional guide to the reptiles and amphibians of the Great Lakes region. Habitat, ecology, reproduction, and conservation issues were discussed. Descriptions and photographs were given along with information on distribution and abundance.

Great Lakes 

Commission (2000)

X

X

X

X

Multistate review of the Lake Michigan watershed and its subwatersheds, one of 
which was the Milwaukee River and the estuary. Ongoing monitoring and recom 

mendations for further actions were discussed.

Gerber (1994)

X

X

Study in Wisconsin and Michigan of the genus Myriophyllum (water millfoil fam ily). The goals of the study were to characterize habitats and see if there was a rela tion between leaf shape and size and nutrient uptake with the habitat. Sites of 

nutrient uptake were also examined.

Fox (1971)

X

Statewide examination of water-resources policies and issues involved in a metro 
politan region. The southeastern region of Wisconsin, including Milwaukee, was 

selected for study. Wastewater treatment and flooding were discussed.

Fitzpatrick and 
Giddings (1997)

X

X

X

Regional study on the Western Lake Michigan Drainages, including sites on Lin 
coln Creek and the Milwaukee River. The sites were evaluated for stream habitat. Channel geometry, substrate, streambank, and riparian characteristics were exam 

ined.

Fago (1984)

X

X

X

Regional study in southeastern Wisconsin. The report examined fish populations and contained distribution maps. The report also talked about some species that 

were threatened or on a watch list.

Emmling (1976)

X

X

Local study on the Milwaukee Harbor and its tributaries. Macroinvertebrate distri 

butions were compared to the type of sediment present.

Eggers and Reed (1988)

X

X

Multistate guide to wetland plant communities. Plants were grouped by type of 
wetland they were found in, ranging from open water to seasonally flooded basins.
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Inter-Fluve, Inc. (1998)

X

X

X

X

X

Local study on the options for removing a drop structure on the Menomonee River. The goal of removing the drop structure was to improve the river for recreational 
use, enhance fisheries, and promote flood control. A secondary goal was to enhance the natural channel of the river and establish a more stable geomorphic 

balance.

Inskip(1986)

X

Statewide study on the occurrence of muskellunge and northern pike. The report discusses the effects of these species on population size due to their interaction 

with each other.

Hunt (1990)

X

X

X

X

Statewide study including the Kinnickinnic River. Brown trout size and popula 
tions were examined in response to habitat-improvement techniques.

Hobbs and Jass (1988)

X

Statewide study on the crayfish and shrimp of Wisconsin. Ecological and life his tory information was given about each species along with a key for identification. 

Distribution maps were also included.

Hine and others (1981)

X

Statewide study of leopard frog distributions with data from 1974—76. There was an in-depth study of East Central Wis.; there was information for the rest of the 

State by region.

Hausmann (1974)

X

Local study on macroinvertebrate populations in the Milwaukee Harbor and Lake Michigan, which included one sample site on the Milwaukee River. Results were compared to previous findings; in many species populations were found to be 

declining.

Harza Engineering 
Company (2001)

X

X

X

X

X

Local study with sites on the Menomonee River, Lincoln Creek, and Southbranch Creek. The goal of the study was to determine whether removal of concrete chan nel lining significantly improved stream habitat. The report provided data and rec 
ommended a methodology to evaluate stream characteristics.
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Legler and others 
(1998)

X

Statewide examination of dragonflies. The report provided color pictures for iden 

tification and maps of their distributions.

Lee and others (1981)

X

Local study on biological and chemical water quality in the Milwaukee Harbor and Lake Michigan. The mixing and transport of wastewater-treatment-plant effluent plumes were examined. Indicator bacteria and viruses were also investigated.

Korth(1978)

X

X

Local study on the Milwaukee River to determine the effect that algae had on sedi 
ment oxygen demand; it was not shown to be a significant source.

Kohler(1982)

X

X

X

Local study on Big Muskego Lake examining the phytoplankton population. The 
examination included the effects on the phytoplankton population by factors such 

as nitrogen, phosphorus, pH, DO, and (or) zooplankton.

Kleinert and others (1974)

X

X

X

Statewide examination of toxic metal concentrations in fish. Fish from the Mil waukee River were included in the study. Fish were tested for arsenic, cadmium, 

chromium, lead, and zinc.

Kleinert and Degurse 
(1972)

X

X

X

X

Statewide study of mercury concentrations in Wisconsin fish and wildlife. 

Included fish from the Milwaukee River and the Milwaukee Harbor.

Kasun (2001)

X

X

Local study on Oak Creek and the Menomonee River. The objective of the 
research was to predict the bioavailable concentrations of heavy metals in intersti tial porewater and examine the ecological risk by looking at benthic macroinverte- 

brates.

Kaemmerer and others 

(1992)

X

X

X

X

Local study looking at the Milwaukee Harbor and parts of the Milwaukee, Meno monee, and Kinnickinnic Rivers. The report discussed the biological problems 
with the area and explained how various agencies and groups were trying to 

address them.

Jerger and others (1978)

X

X

X

X

X

Regional study on the potential for contamination of aquatic species from non- point- and point-source pollution in the Great Lakes. Included were data sampled 
at seven stations on the Menomonee River of trace elements, chlorinated pesti 

cides, and PCBs.
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Mace (1984)

X

X

Regional study on southern Wisconsin streams for the purpose of setting appropri 
ate water-quality goals or standards for amounts of phosphorus. Milwaukee River was included in the study. Nutrient levels were compared to macrophyte and algal 

growth; the effect of nutrients on DO concentrations was examined.

Lyons and Kanehl 
(1993)

X

X

Statewide comparison of smallmouth bass sampling methods. Sites across the State were studied, including the Milwaukee River. Guidelines were provided for 

estimating abundances in shallow wadable streams.
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^CT;

X

X

X

X

X

Statewide study for developing a version of the Index of Biotic Integrity (IBI) for 
Wisconsin warmwater streams. The report describes how the IBI for fish should be 

applied and interpreted. The appendix contained IBI scores for various rivers, 

including the Milwaukee and Menomonee.

•sr o
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X

X

Study on nine streams in southern Wisconsin to determine the length that a sam 
pling station should be for sampling fish. The Menomonee River was one of the 

sampling sites.

^ 
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X

X

X

Statewide study to see if fish-assemblage distribution corresponded to Omernik's ecoregions. Characteristics were given for each of the four regions that cover most of Wisconsin. Temperature, gradient, substrate, and shoreline vegetation were 

shown to be better predictors than geographic location.

Lueschow (1972)

X

X

X

X

Statewide study on algae and macrophyte control. The report also examined con trol of swimmers itch. A table lists chemical treatments used in bodies of water 

including Little Muskego Lake and the Milwaukee River.

Lenz and Rheaume (2000)

X

X

X

X

X

Regional study of the Western Lake Michigan Drainages. Lincoln Creek and Mil 
waukee River were included in the study. Distribution and community structure of 

benthic invertebrates was discussed and used as water-quality indicators. Environ 

mental setting and habitat were also examined.
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Milwaukee Metropoli 
tan Sewerage District (1980e)

X

X

Report on the Mitchell Field South Interceptor Facility Plan. The current status of 
water quality in the Mitchell Field Drainage Ditch and Oak Creek, and the effects 

the plan may have on future water quality were discussed.

Milwaukee Metropoli 
tan Sewerage District (1980d)

X

Local plan for Jones Island Facility. Discussed were the existing environmental status and the effects the plan will have on the Milwaukee Harbor; the report also included some information on the tributaries leading into the harbor.

Milwaukee Metropoli 
tan Sewerage District (1980c)

X

X

X

X

X

Report on the Franklin-Northeast Interceptor Facility plan. An examination of the status of the Root River and the effects that the proposed plan will have on it were 

included.

Milwaukee Metropoli 
tan Sewerage District (1980b)

X

X

X

X

X

Report on a plan for the Franklin-Muskego Interceptor Facility. Included was an environmental assessment with information on Little Muskego Lake, Big Muskego 
Lake, Little Muskego Creek, Tess Corners Creek, and the Root River.

Milwaukee Metropoli tan Sewerage District (1980a)

X

X

X

X

Report on a plan for combined-sewer overflow abatement. Environmental impacts 
on the Milwaukee, Menomonee, and Kinnickinnic Rivers was examined.

Miller and others (1992)

X

X

X

X

Local study on the Root River. Results were discussed in relation to the objectives of the 1980 Root River Nonpoint Source Water Pollution Plan to determine if the 

goals of the plan were being achieved.

Mathiak (1979)

X

X

Statewide study on mussels found in rivers. The report described each mussel type; 

color photographs and distribution maps were also included.

Masterson and Banner- man (1994)

X

X

X

X

Local study on rivers in Milwaukee County. Chemical analysis was done on sedi ment, fish, crayfish tissue, and water samples to determine the effects of stormwa- 

ter runoff on each. Bioaccumulation was examined and an IBI for 

macroinvertebrates was calculated.

Martin and others (1983)

X

X

Statewide examination of Wisconsin lakes. The trophic condition of about 3,000 inland lakes were assessed using Landsat satellite data. Waterbodies from Ozau- 
kee, Washington, and Waukesha Counties were included in the study.
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Nichols and Vennie 
(1991)

X

X

X

X

X

X

Statewide study on lake plants. Habitat preferences were given, as well as their value to the environment and wildlife. There was also information on propagation 

and herbicide susceptibility.

Nichols (1974)

X

X

X

Statewide examination of aquatic plant control methods. The report looked at con 
trol by harvesting and habitat manipulation. Milwaukee County was in the harvest 

ing experiences table.

Myniudes(1991)

X

Multistate study on the varying characteristics of the aquatic plant species Plan- 

tago cordata throughout its range.

Mortimer (1981)

X

X

Overview of a court case involving the State of Illinois versus Milwaukee and nearby cities. The issue of concern was pollution of Lake Michigan by sewer over 

flows and discharges.

Milwaukee River Revi- talization Council and Wisconsin 
Department of Natu ral Resources (1991)

X

X

Regional examination of the Milwaukee River. The study area was divided into 
sections; the problems of each were discussed, but no hard data were presented.

Milwaukee River Revi- talization Council 
(1990, 1991, 1992, 1993, 1994, 1995)

X

X

Local report on the Milwaukee River. The report stated what has been done in the past year to improve water quality on the river and informed the reader of upcom 

ing projects.

Milwaukee Metropoli 
tan Sewerage District (1980J)

X

X

X

X

Local plan for the MMSD Underwood Creek Interceptor Facility with an environ 
mental assessment on Underwood Creek, Dousman Ditch, and the Menomonee 

River. The study discusses land use, some point sources of pollution, and physi 

cal/chemical characteristics.

Milwaukee Metropoli 
tan Sewerage District (1980h)

X

X

Report on the Oak Creek North Branch Interceptor Facility Plan. The study exam 

ines the status of Oak Creek and the plan's effects.
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Peters (1997)

X

X

X

Regional study on the Western Lake Michigan Drainages. The report detailed nat ural and anthropogenic features of the area that have an effect on water quality. These included geology, climate, vegetation, land use, and hydrologic and biologi 

cal characteristics.

Peters (1995)

X

X

X

X

Summary of a meeting concerning the Western Lake Michigan Drainages, which 
was studied as part of the National Water-Quality Assessment Program. Included are summaries of presentations made at the meeting, which included information 

on pesticides in the Milwaukee River and Lincoln Creek.

Pentecost and Vogt 
(1976)

XI

X

X

Multistate examination of amphibian and reptile distribution. The report also dis cussed plant communities found in the area and their associated herptofauna.

Pariso and others (1983)

X

X

Regional study of the Wisconsin coast. Milwaukee, Kinnickinnic, Root, and 
Menomonee Rivers, and Oak Creek were included in the study. Fish, sediment, 

and effluent samples were tested for contaminants.

Oberts (1977)

X

X

Discussion of water-quality effects of commonly used management practices used to control pollution from urban activities. These included construction, runoff, lit ter, and combined-sewer overflows. There was some information for Milwaukee.

Nowak (1995)

X

X

X

X

Review of a local court case regarding the concrete lining that was put into Cray 

fish Creek in the city of Oak Creek, Wis.

Novotny and 

Bendoricchio (1989)

X

X

Local study with information on the Menomonee River watershed and some of the 
tributaries within the watershed. The model LANDRUN (a model used to estimate 

the quantity and quality of runoff water and eroded particulates from watersheds with mixed land uses) was used for estimating sediment loadings from various land uses and other factors such as soil characteristics and imperviousness. Phos 

phorus loadings were also examined.

Novitzki (1979)

X

Statewide description of wetlands in Wisconsin. The report gave descriptions of 

different types of wetlands that were found in the state.
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Southeastern 

Wisconsin Regional Planning Commis 
sion (1982b)

X

X

X

X

X

Local plan for the city of Muskego for sanitary sewer service. Land use and envi 

ronmentally significant lands were discussed.

Southeastern 

Wisconsin Regional Planning Commis 
sion (1980)

X

X

X

Local study on the Root River and its tributaries. This plan discussed the control of 

pollution from both urban and rural sources.

Southeastern 

Wisconsin Regional Planning Commis 
sion (1979)

X

X

X

Local study on the Oak Creek watershed, which also included the Mitchell Field Drainage Ditch. Existing water quality was evaluated and a program was devel 
oped to address flooding, water pollution, and other related problems.

Southeastern 

Wisconsin Regional Planning Commis 
sion (1978c)

X

Regional study on the Lake Michigan Drainage Area in southeastern Wisconsin. The purpose was to show the need for, the major elements of, and the organiza tions of a comprehensive planning program. The study had information on the 

Root River and the Milwaukee Harbor Estuary.

Southeastern 

Wisconsin Regional Planning Commis 
sion (1976)

X

X

X

X

X

X

X

Local study on the Menomonee River watershed to provide a plan that will work on the flooding problems and increase the health of the river and its habitat. Physi cal description of the area was given along with wildlife that was found there. Data 

for flooding and surface-water monitoring were also given.

Southeastern 

Wisconsin Regional Planning Commis 
sion (1974)

X

Local study on the Kinnickinnic River watershed. The purpose of the study was to show the need for a comprehensive watershed planning program to reduce pollu 

tion and flooding.

Southeastern 

Wisconsin Regional Planning Commis 
sion (1971)

X

X

X

Regional study on the Milwaukee River to show the need for comprehensive regional planning. The study discussed existing water conditions and problems and gave possible solutions. Topics covered included flooding, water quality, water 

supply, and recreation.
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Southeastern 

Wisconsin Regional Planning Commis 
sion (1996)

X

X

X

X

X

X

X

X

Local management plan for Little Muskego Lake. Goals of the plan included reducing sediment and contaminant loading to the lake, reducing aquatic macro- phyte and algal growths, promoting public awareness, improving aesthetics and 

use for recreation, and improving habitat for fish and other wildlife.

Southeastern 

Wisconsin Regional Planning Commis 
sion (1995a)

X

X

X

X

X

X

X

X

X

X

Regional report that described the updates to a water-quality management plan for southeastern Wisconsin. Also included was the status of the current implementa 

tion of the plan.

Southeastern 

Wisconsin Regional Planning Commis 
sion (1993)

X

X

X

X

X

Local plan for flood and stormwater management for Lilly Creek subwatershed. The plan evaluated alternative plans with the purpose of eliminating current prob lems and avoiding future ones, while also considering nonpoint-source pollution 

and river habitat.

Southeastern 

Wisconsin Regional Planning Commis 
sion (1988b)

X

X

Regional report on conference proceedings discussing how to achieve water-qual ity goals through land management. Issues addressed included erosion control, 

stormwater management, nonpoint-source water pollution, environmental corri 

dors, floodplains, and wetlands.

Southeastern 

Wisconsin Regional Planning Commis 
sion (1987a)

X

X

X

X

X

X

X

X

X

X

Local study on the Milwaukee Harbor Estuary, which involved the Milwaukee, 

Menomonee, and Kinnickinnic Rivers, and the Milwaukee Harbor. The purpose of 
the study was to prepare a plan that would help control pollution, mitigate flood problems, control storm damage in the harbor, and improve water quality for recre 

ational uses. Monitoring data are provided.

Southeastern 

Wisconsin Regional Planning Commis 
sion (1986c)

X

X

X

X

X

X

X

X

Local study on the Oak Creek watershed to provide a plan that will address flood ing problems and increase the health of the river and its habitat. A physical description of the area was given along with wildlife that was found there. Data for 

flooding and surface-water monitoring were also provided.

|-

sr 
|
io
Io

Lake Michigan information
Stream information

Fish
Macroinvertebrates
Algae/macrophytes
Amphibians/reptiles

Birds
Mussels
Wildlife

Toxic bioassays
Endangered/threatened species

Tolerant/intolerant species
Non-native/invader species

Habitat
Wetlands

Human effects/urban issues
Community surveys
Management issues

Water-quality interpretations 
based on ecology
Biotic index values

Other

Characteristics

o

2. "S 
o'
3

SP OQ " 

(T> <
sl- en P.
a . fT
S S i— i tf"
§ I'

(T> 3 
* T3
o o i-h C
a g, o' ^

cL

3 «Q
a. ro
1 2

'eajv Bumueij IOLIISJQ aBejaMa$ ue)j|odoj)a|/\| aa)|neM|!|/\| ai|i JQJ uojieuuojui2LZ



Veith and Lee (1971)

X

X

X

X

X

Regional study on PCBs in fish in the Milwaukee River and Lake Michigan. 
Changes in the composition of PCBs in fish tissue depended on where the fish was 

caught.

Van Dyke (1977)

X

Local study on mallard duck populations and production in Juneau Park, Milwau 
kee County. The study examined winter populations, sex ratios, molting, weights, 

and behavior.

U.S. Environmental 
Protection Agency and others (1980)

X

X

X

Local study of MMSD area addressing the proposed Master Facilities Plan. The 
focus of the study was the issue of overflows caused by infiltration of ground water and stormwater. Current (1980) water quality and how the plan's effect was exam 

ined.

Torke(1976)

X

Statewide study of cyclopoid copepods. The report contained a key for identifica 

tion and had information on their distributions and ecology.

Thompson and others 
(1976)

X

X

X

Regional study of townships in Wisconsin along the Lake Michigan shoreline. The report looked at fish and wildlife habitat and classified it into three categories.

Taylor(1994)

X

X

Local study on the Kinnickinnic River examined nonpoint sources of pollution. Urban runoff and erosion from construction sites and streambanks were the main 

issues or concern.

Sullivan (1997)

X

X

X

X

Regional study on the Western Lake Michigan Drainages, including Lincoln 
Creek. Fish communities were analyzed, as was the river habitat. They were then 

used as water-quality indicators.

Southeastern 

Wisconsin Regional Planning Commis 
sion and others 

(2000)

X

X

X

X

X

Local study on Dousman Ditch and Underwood Creek subwatershed of the Meno- 
monee River watershed. The study identifies stormwater-management and flood ing problems and their causes. The study also sets forth a management plan after 

examining alternatives.
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Wisconsin Depart ment of Natural Resources (1990)

X

X

X

X

X

X

X

Local study on the Menomonee River watershed with the purpose of creating a 
management plan. The study identified major environmental concerns and detailed 

strategies for improvement. Water-resources information was given by subwater- 
shed with information on wildlife and habitat, land use, solid and hazardous waste, 

and nonpoint-source pollution.

Wisconsin Depart ment of Natural Resources (1989)

X

Report on the Milwaukee Area of Concern in the Great Lakes Basin. Menomonee, 
Kinnickinnic, and Milwaukee Rivers and the Milwaukee Inner Harbor were included in the study. The purpose of the report was to present water-resource problems and the stage they were at regarding remediation. Also presented were 

toxics data, including those contaminants found in fish.

Wisconsin Depart ment of Natural Resources (1982, 1984, 1990, 1992, 
1994, 2000)

X

X

X

Statewide reports on water quality with some specific information on Milwaukee 
County and the surrounding area. The reports cover a variety of topics including 

PCBs in fish, pollution, and data on some chemical constituents as well. Data were given for the Milwaukee River, Milwaukee Estuary, Lincoln Creek, and North 

Avenue Dam.

Wisconsin Depart ment of Natural Resources (1976)

X

Regional report on southeastern Wisconsin that included the Root River and tribu 
taries in the area. Data from water-quality sampling and an evaluation survey done 

during 1973 were presented.

Wisconsin Depart ment of Natural Resources (1975)

X

Regional study that summarized industrial discharges to waters in southeastern Wisconsin. The report also discussed permits and compliance schedules.

Wisconsin Depart ment of Natural Resources (1971)

X

X

X

X

X

X

X

X

X

X

Local study on Big Muskego Lake. A description of drainage characteristics, soils, 
water quality, aquatic plants, fish, wildlife, recreational use, and the surrounding 

land use was included.

Villenueve and others 
(1997)

X

X

Local study to determine long-term toxicity effects on stream biota from urban stormwater runoff. Fish hepatoma cells were used and exposed to water from Lin 

coln Creek.
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Wisconsin Depart ment of Natural Resources (1999)

X

Report for the entire Milwaukee River watershed. The purpose of the report was to develop a public process to determine useful measurements for describing ecosys tem conditions. Many possible indicators including air, water, biodiversity, and 
education were discussed and some data was presented for VOCs, fish advisories, 

ozone, transportation, and land use.

Wisconsin Depart ment of Natural Resources (1995)

X

X

Statewide information on purple loosestrife and its effect on wetlands. The report 

gave distribution, identification, and control information.

Wisconsin Depart ment of Natural Resources (1994)

X

X

X

X

X

X

X

X

X

Local study of the Milwaukee Estuary and rivers draining into it. The study identi fied environmental problems and impaired uses and gave a brief overview of each. 
Also included were recommendations for plans to restore water quality.

Wisconsin Depart ment of Natural Resources (1993b, 1994, 1996, 1997, 
1998)

X

X

X

X

X

Statewide study using six watersheds as study areas included the Milwaukee River 
South. The goal of the study was to determine the extent to which management 

practices improved fish habitat and communities.

Wisconsin Depart ment of Natural Resources (1993a)

X

X

X

Local study on the Wind and Muskego Lakes and the tributaries draining into 
them. The study examined nonpoint-source pollution with the main focus on sedi 

ment loads.

Wisconsin Depart ment of Natural Resources (1992c)

X

X

X

X

X

X

X

X

X

X

Local study on Milwaukee River South watershed. The existing water-quality and 
environmental concerns such as habitat and sewage-treatment plants were described and possible water pollution causes and management strategies were 

outlined.

Wisconsin Depart ment of Natural Resources (1992b)

X

Statewide study to establish a database on the distribution and abundance of all fish species. The study compares the 1900-72 distributions to the studies in 1974- 

86.
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Wisconsin District 
Lake-Studies Team (1996, 1997, 1998, 

1999)

X

X

Statewide reports on the physical and chemical characteristics of Wisconsin lakes. 

The studies included information for Little and Big Muskego Lakes.

Wisconsin Depart ment of Natural Resources and Southeastern 
Wisconsin Regional Planning Commis 

sion (1985)

X

X

X

X

Study of the Milwaukee River watershed including rivers that flow into it. The study examined water quality and other factors in an attempt to discern the best 

way to carry out an effective priority watershed program.

Wisconsin Depart ment of Natural Resources and others (2001)

X

X

A look at the entire Milwaukee River and the streams in its watershed. The study included individual descriptions of areas within the watershed. There was discus sion of point- and nonpoint-sources of pollution, wetlands, and stream and shore 

line modifications.
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