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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.

e 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.
e 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.

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

e 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.

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.



























the effects of runoff from construction sites and erosion of
streambanks in the Kinnickinnic 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-
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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 mi’, 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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Data Used in the Report
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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 seasonality and trends:

1. Where aremark 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 1x10*. 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 NO5 to milligrams per liter
as N.
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Outliers for specific conductance (concentrations less
than 20 puS/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 NO; (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 NH, (converted to “as
N” for calculations), total ammonia as N, total ammonia as
NH, (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 subwatersheds; 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).



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)

Evaluation of Historical Data 25
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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 CaCO5 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
CaCOj 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 CaCOj5 are typical of
freshwater. Alkalinity between 100 and 200 mg/L as CaCO5
will stabilize stream pH. Concentrations below 10 mg/L as
CaCOj 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 subwatersheds (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 subwatersheds (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 CaCOj3) and Kinnickinnic
River subwatersheds (989 mg/L as CaCO;) (fig. 21,
table 10). The Upper Root River subwatershed 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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Specific Conductance

Specific conductance (SC) is the measure of the electri-
cal conductivity of water at a certain temperature. Specifi-
cally, itis 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 atleast 1 pS/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 pS/cm was measured in the Wilson Park
Creek and Lincoln Creek subwatersheds (fig. 25, table 11).
Median SC greater than 1,000 uS/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 puS/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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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
CaCO;.” 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 Qak
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 CaCOs (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
CaCO,) 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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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, BOD5 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 BODS5 for the
MMSD planning area, although effluents are sometimes
monitored for BODS5 load. A high concentration of BOD3
(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, Middie
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 BODS5 data (data not shown).
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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 (CI) 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 (KCI) 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
(CMCQ) for chioride 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, 2002¢).
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, Middie 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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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 siit
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 Wiliow 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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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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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 (NO,").

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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>