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Chapter III

EXISTING AND HISTORICAL SURFACE WATER
AND GROUNDWATER CONDITIONS

Introduction

A basic premise of the Commission water quality management planning is that the human activities within a watershed affect, and are affected by, surface and groundwater quality conditions. This is especially true in the urban and urbanizing areas of the greater Milwaukee watersheds where the effects of human activities on water quality tend to overshadow natural influences. The hydrologic cycle provides the principal linkage between human activities and the quality of surface and ground waters in that the cycle transports potential pollutants from human activities to the environment and from the environment into the sphere of human activities.

Comprehensive water quality planning efforts such as the regional water quality management plan update should include an evaluation of historical, present, and anticipated water quality conditions and the relationship of those conditions to existing and probable future land and water uses. The purpose of this chapter is to summarize the available information as to the extent to which surface waters and ground waters in the greater Milwaukee watershed have been and are polluted. More specifically, this chapter summarizes current water pollution problems in the watersheds utilizing field data from a variety of water quality studies, most of which were conducted during the past three decades. The information summarized herein provides an important basis for development and testing of the alternative water quality control plan elements presented in Chapter IX of this report. More-detailed information on surface and groundwater conditions in the greater Milwaukee watersheds is presented in SEWRPC Technical Report No. 39, Water Quality and Sources of Pollution in the Greater Milwaukee Watersheds, which is a companion report to this water quality plan.

QUANTITY OF SURFACE WATER
Since 1975, measurements of discharge have been taken at a number of locations along streams in the greater Milwaukee watersheds. The period of record for many of these stations is rather short, with data collection occurring over periods ranging from several months to a few years. Some stations have longer periods of record.

Figure 10 compares discharge during the baseline period to historical conditions on a monthly basis at several gauges along the mainstems of major rivers and streams.
 As shown in the legend of the figure, the background of 

Figure 10

HISTORICAL AND BASE PERIOD FLOW IN STREAMS IN THE GREATER MILWAUKEE WATERSHEDS: 1975-2004
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Figure 10 (continued)
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NOTE:
Because of differences in data availability, the periods of record differ among these streams. For the Menomonee and Kinnickinnic Rivers and Oak Creek, the period of record was 1975-2001. For the Milwaukee and Root Rivers, the period of record was 1975-2004.

Source: U.S. Geological Survey and SEWRPC.

the graph summarizes the historical conditions. The white area in the graphs shows the range of values observed during the period 1975-1997. The upper and lower boundaries between the white and gray areas show historical maxima and minima, respectively. A blue background indicates months for which no historical data were available. The dashed black line plots monthly mean discharge for the historical period. Overlaid on this background is a summary of baseline conditions from the period since 1998. The black dots show monthly mean discharge for that period. The black bars show the monthly ranges of discharge for the same period.

Similar annual patterns are seen in mean discharge at several sites during the historical period. Mean monthly streamflow tended to reach a low point during the winter. At most stations, this occurred during January. Mean monthly discharge rose from this low point to a peak in March or April associated with spring snowmelt and rains. It then declined slightly through the spring and summer. At some stations, discharge declined more rapidly through the autumn to the winter minimum. At other stations, discharge increased slightly during the fall to a peak in December. Considerable variability was associated with these patterns, but some of this variability is more likely attributed to sampling conditions rather than actual changes in discharge.

The pattern of discharge observed during the baseline period since 1998 shows both similarities and differences from this historical pattern. At most stations, baseline period discharge was generally within historical ranges. There was one major exception to this. During winter and spring months, monthly maximum discharges during the baseline period were higher than the historical monthly maxima at the station at Jones Island along the Milwaukee River. This may reflect the small amount of historical data available at this station. The pattern observed during the baseline period showed the following three differences from the pattern observed during the historical period.
· At most stations the low point in monthly mean discharge appears to have shifted such that it occurred in the month of December during the baseline period.
· Baseline period streamflow in Oak Creek was higher than that seen during the historical period. While the range of baseline period streamflow was generally within historical ranges, during most months mean streamflow during the baseline period was higher than mean streamflow during the historical period. Monthly minimum streamflow during most months of the baseline period was higher than the historical monthly minima, in some months by about a factor of eight. In June and July, monthly maximum streamflows during the base period were higher than historical maxima. These trends suggest that baseflow has increased in Oak Creek.
· During the baseline period monthly mean discharge at stations along the Kinnickinnic, Menomonee, and Root Rivers during the late spring and early summer was higher then historical means. This was not observed at most stations along the mainstem of the Milwaukee River.
In order to estimate the relative contributions of discharge from the Kinnickinnic, Menomonee, and Milwaukee Rivers to the harbor, flow fractions were calculated for the S. 11th Street station along the Kinnickinnic River, the N. 70th Street station along the Menomonee River, and the Estabrook Park station along the Milwaukee River relative to the discharge at the Jones Island station near the mouth of the Milwaukee River using the procedure described in Chapter III of SEWRPC Technical Report No. 39. Several generalizations emerge from this analysis:
· The Milwaukee River is the dominant source of discharge to the harbor. Median discharge at the gage at Estabrook Park represents about 75 percent of the median discharge at Jones Island.

· The Menomonee River accounts for much of the remaining discharge into the harbor. Median discharge at the gage at N. 70th Street represents slightly more than 13 percent of the median discharge at Jones Island.

· The Kinnickinnic River contributes only a small portion of the discharge entering the harbor. Median discharge at S. 11th Street represents less than 3 percent of the median discharge at Jones Island.

· About 9 percent of the discharge at the gage at Jones Island is not accounted for by discharge at the gages on the three Rivers. This represents contributions entering the Rivers between their respective gages and the Jones Island gage and contributions from at least one tributary, Woods Creek, as well as direct runoff.

An additional aspect of water quantity is the level of water in Lake Michigan. Water levels in the Lake undergo a seasonal cycle, rising from February to July and falling during the rest of the year. The seasonal rise from February to July reflects the pattern of higher runoff and lower evaporation during that period in comparison to the remainder of the year. In a typical one-year period, the range in average monthly Lake Michigan levels may be expected to be about 0.3 meters. While longer period fluctuations have been observed in Lake Michigan, there appears to be a general lowering in lake level since the early 1970s. Large declines in lake level were observed following the maximum levels achieved in 1986 and 1997. In fact, the decline since 1997 is the largest drop observed since records have consistently been kept, beginning in 1860. It is not clear whether the current decline represents a long-term trend or reflects an additional fluctuation.
 The long-term average Lake Michigan level, based on data collected from 1918 into 2006 is about 176.45 meters above International Great Lakes Datum of 1985 (IGLD85), or 578.9 feet above IGLD85, or 579.4 feet above National Geodetic Vertical Datum, 1929 adjustment. Daily average lake levels have been below that long-term average since early in 1999.

SURFACE WATER QUALITY CONDITIONS IN THE
GREATER MILWAUKEE WATERSHEDS: 1975-2004

Water Quality of Streams

The earliest systematic collection of water quality data in streams of the greater Milwaukee watersheds occurred in the 1960s.
 Data collection after that was sporadic until the 1970s. Since then, considerable data have been collected, especially on the mainstems of the major rivers and streams. The major sources of data include the Milwaukee Metropolitan Sewerage District (MMSD), the Wisconsin Department of Natural Resources (WDNR), the U.S. Geological Survey (USGS), the Washington County Land and Water Conservation Division, the City of Racine Health Department, the University of Wisconsin-Milwaukee, and the U.S. Environmental Protection Agency’s (USEPA) STORET legacy and modern databases. Most of the data were obtained from sampling stations along the mainstems of the major rivers and streams. In addition, sufficient data were available for several tributaries to assess baseline period water quality for several water quality parameters. These tributaries are listed in Table 31. The data record for other tributary streams in the greater Milwaukee watersheds is fragmentary.

For analytic purposes, data from four time periods were examined: 1975-1986, 1987-1993, 1994-1997, and 1998-2001.
 Bimonthly data records exist from several of MMSD’s long-term monitoring stations beginning in 1975. After 1986, MMSD no longer conducted sampling during the winter months. In 1994, the Inline Storage System (ISS) or Deep Tunnel came online. The remaining period since 1998 defines the baseline water quality conditions of the river systems.

Water quality parameters from the streams of the greater Milwaukee watersheds were examined for the presence of several different types of trends: changes along the length of the stream, changes at individual sampling stations over time, and seasonal changes throughout the year. Changes over time were assessed both on an annual and a seasonal basis. In addition, for the mainstems of the Kinnickinnic, Menomonee, and Milwaukee Rivers, differences between average values from sampling stations located in upstream areas and the average values of parameters from sampling stations in the Milwaukee River estuary were assessed using analysis of variance (ANOVA). Data were log-transformed for some parameters, in order to meet the normal distribution assumption of ANOVA. Maps 21 through 26 and Table 31 show the 42 sampling stations along the mainstems of the major rivers and streams, designated by their River Mile locations, which had sufficiently long periods of sampling to be used for these analyses. Where sufficient data were available, water quality parameters from tributary streams were examined for the presence of trends. It is important to note that only limited data were available to assess baseline water quality conditions for tributary streams.
Table 31
SAMPLE SITES USED FOR ANALYSIS OF WATER QUALITY TRENDS
IN THE STREAMS OF THE GREATER MILWAUKEE WATERSHEDS
	Location
	River Mile
	Period of Record
	Data Sources

	Kinnickinnic River Watershed
	
	
	

	Wilson Park Creek Outfall at General
Mitchell International Airport

	5.12a
	1996-2001
	USEPA, USGS

	Wilson Park Creek Infall at General Mitchell
International Airport near Grange Avenue

	3.63a
	1996-2001
	USEPA, USGS

	Wilson Park Creek at St. Luke’s Hospital

	0.03a
	1996-2001
	USEPA, USGS

	Kinnickinnic River at S. 27th Street

	4.90b
	1981-2001
	MMSD, USGS

	Kinnickinnic River at S. 11th Street

	3.20b
	1983-2001
	USGS

	Kinnickinnic River at S. 7th Street

	2.80b
	1975-2001
	MMSD, USEPA, USGS

	Kinnickinnic River at S. 1st Street

	1.40b
	1980-2001
	MMSD, USGS

	Kinnickinnic River at Greenfield Avenue (extended)

	0.60b
	1982-2001
	MMSD

	Kinnickinnic River at the Jones Island ferry

	0.20b
	1982-2001
	MMSD

	Menomonee River Watershed
	
	
	

	Menomonee River at N. County Line Road

	23.50b
	1964-1975, 1982-2001
	MMSD, SEWRPC

	Menomonee River at N. 124th Street

	13.50b
	1985-2001
	MMSD, USEPA, USGS

	Menomonee River at W. Hampton Avenue

	12.50b
	1985-2001
	MMSD

	Menomonee River at N. 70th Street

	8.00b
	1964-2001
	MMSD, SEWRPC, USEPA, USGS

	Menomonee River at N. 25th Street

	1.80b
	1984-2001
	MMSD

	Menomonee River at Muskego Avenue

	0.90b
	1975-2001
	MMSD, USEPA

	Menomonee River at Burnham Canal

	0.80b
	1992-2001
	MMSD

	Menomonee River at S. 2nd Street

	0.00b
	1980-2001
	MMSD

	Milwaukee River Watershed
	
	
	

	West Branch Milwaukee River at Drumlin
Drive near Lomira

	15.90b
	1998-1999, 2001
	USEPA, USGS

	Kewaskum Creek at USH 45 at Kewaskum

	0.10b
	1998-1998
	USEPA, USGS

	Parnell Creek near Dundee

	0.75c
	1996-1997, 2001-2002
	USGS

	East Branch Milwaukee River at New Fane

	5.71b
	1993, 1995, 2004
	USEPA, USGS, WDNR

	Quaas Creek upstream of Decorah Road
near West Bend

	
0.52b
	
2000-2003
	
UW-Milwaukee, Washington County Land and Water Conservation Division

	Quaas Creek at Decorah Road near West Bend

	0.32b
	1998-1999
	USEPA, USGS

	Batavia Creek Near Batavia

	0.10d
	1993-1994, 1998-1999
	USEPA, USGS

	North Branch Milwaukee River near Random Lake

	10.09b
	1992-1995, 2001-2002
	USGS

	North Branch Milwaukee River near Fillmore

	2.22b
	2004
	USGS

	Polk Springs Creek downstream of
CTH Z near Jackson

	
2.25e
	
1998-2001, 2003-2004
	
USEPA, USGS, Washington County Land and Water Conservation Division

	Cedar Creek at STH 60 near Cedarburg

	6.77b
	1970, 1973-1987, 1990-2004
	USGS, WDNR

	Cedar Creek at Columbia Road at Cedarburg

	4.74b
	1990-1991, 1994-1995, 2001
	USGS

	Cedar Creek at Highland Road at Cedarburg

	4.04b
	1990-1991, 1994-1995, 2001
	USGS

	Southbranch Creek at W. Bradley Road

	1.45b
	1999-2002
	MMSD

	Southbranch Creek at N. 55th Street

	1.25b
	1999-2002
	MMSD

	Southbranch Creek at N. 47th Street

	0.75b
	1999-2002
	MMSD

	Southbranch Creek at N. Teutonia Avenue

	0.20b
	1999-2002
	MMSD

	Lincoln Creek at N. 60th Street

	8.42b
	1997-2002
	MMSD

	Lincoln Creek at N. 51st Street

	6.92b
	1997-2002
	MMSD

	Lincoln Creek at N. 55th Street

	5.86b
	1997-2002
	MMSD

	Lincoln Creek at N. 47th Street

	3.33b
	1992-2004
	MMSD, USEPA, USGS, WDNR

	Lincoln Creek at N. Sherman Boulevard

	3.03b
	2003-2004
	USGS

	Lincoln Creek at N. Green Bay Avenue

	0.42b
	1997-2002
	MMSD

	Milwaukee River above Dam at Kewaskum

	78.10f
	2004
	USGS

	Milwaukee River at CTH M near Newburg

	57.70f
	2004
	USGS

	Milwaukee River at Waubeka

	45.44f
	2004
	USGS

	Milwaukee River at Pioneer Road near Cedarburg

	26.25f
	1981-2004
	MMSD, USEPA, USGS, WDNR

	Milwaukee River at W. Brown Deer Road

	14.99f
	1975, 1981-2002
	MMSD, USEPA

	Milwaukee River at W. Silver Spring Drive

	8.49f
	1975, 1976, 1981-2002
	MMSD, USEPA

	Milwaukee River at N. Port Washington Road

	6.91f
	1975, 1981-2002
	MMSD

	Milwaukee River at Estabrook Park

	6.65f
	1971-2004
	USEPA, USGS, WDNR

	Milwaukee River at North Avenue Dam

	3.10f
	1975-1976, 1979-2002
	MMSD, USEPA, USGS


Table 31 (continued)
	Location
	River Mile
	Period of Record
	Data Sources

	Milwaukee River Watershed (continued)
	
	
	

	Milwaukee River at Walnut Street

	2.25f
	1975, 1980-2002
	MMSD

	Milwaukee River at E. Wells Street

	1.41f
	1975, 1980-2002
	MMSD, USEPA

	Milwaukee River at N. Water Street

	0.78f
	1975, 1980-2002
	MMSD

	Milwaukee River at Union Pacific Railroad
(formerly Chicago & Northwestern Railway)

	0.44f
	1975, 1982-2002
	MMSD


	 Oak Creek Watershed
	
	
	

	Mitchell Field Drainage Ditch at W. College Avenue

	1.80g
	1998-2001
	USEPA, USGS

	North Branch of Oak Creek at W. Puetz Road

	0.90g
	1975-1976, 1990, 1996
	USEPA

	Oak Creek at W. Ryan Road

	10.10f
	1985-2001
	MMSD

	Oak Creek at STH 38

	9.10f
	1985-2001
	MMSD

	Oak Creek at Forest Hill Road

	6.30f
	1985-2001
	MMSD

	Oak Creek at S. Pennsylvania Avenue

	4.70f
	1975-1976, 1985-2001
	MMSD, USEPA

	Oak Creek at 15th Avenue

	2.80f
	1972-1982, 1984-2001, 2004
	MMSD, USGS

	Oak Creek at Oak Creek Parkway east of STH 32

	1.00f
	1985-2001
	MMSD

	Oak Creek at Oak Creek Parkway east of S. Lake Drive

	0.30f
	1995-2001
	MMSD

	Root River Watershed
	
	
	

	Husher Creek at 7 1/2 Mile Road

	0.30h
	1981-1982, 1996, 2001
	USEPA, USGS

	Root River Canal near Franklin

	3.50h
	1975-1981, 1985-1994, 2001
	USGS

	Root River at W. Cleveland Avenue

	41.50f
	1999-2001
	MMSD

	Root River at W. National Avenue and
W. Oklahoma Avenue

	41.00f
	1999-2001
	MMSD

	Root River at W. Cold Spring Road

	39.20f
	1999-2001
	MMSD

	Root River at W. Grange Avenue

	36.70f
	1975-1976, 1981-1982, 1996, 1999-2001, 2004
	MMSD, USEPA, USGS, WDNR

	Root River at W. Ryan Road

	28.00f
	1971-1982, 1985-1994, 1996, 1999-2001, 2004
	MMSD, USGS, WDNR

	Root River at S. County Line Road

	23.80f
	1999-2001
	MMSD

	Root River at Johnson Park

	11.50f
	1977-1983, 1986-1990, 1992-2005
	City of Racine, USEPA, WDNR

	Root River below Horlick Dam, Racine

	5.90f
	1975-1994, 1996-1999, 2002, 2004-2005
	City of Racine, USEPA, USGS

	Root River near Mouth

	0.40f
	1996-1997, 1999, 2004-2005
	City of Racine, USGS

	Lake Michigan Direct Drainage Area
	
	
	

	Fish Creek at W. Port Washington Road
and Katherine Lane

	1.25f
	2002-2005
	MMSD

	Fish Creek at Broadmoor Drive
and Union Pacific Railway

	0.70f
	2002-2005
	MMSD


aRiver mile is measured as distance from the confluence with the mainstem of the Kinnickinnic River.

bRiver mile is measured as distance from the confluence with the mainstem of the Milwaukee River.

cRiver mile is measured as distance from the confluence with the East Branch Milwaukee River.

dRiver mile is measured as distance from the confluence with the North Branch Milwaukee River.

eRiver mile is measured as distance from the confluence with Cedar Creek.

fRiver mile is measured as distance from the confluence with Lake Michigan.

gRiver mile is measured as distance from the confluence with Oak Creek.

hRiver mile is measured as distance from the confluence with the mainstem of the Root River.

Source: SEWRPC.

Bacterial and Biological Parameters

Bacteria

Based on data for all of the sampling locations analyzed, median concentrations of fecal coliform bacteria in the major streams and rivers of the greater Milwaukee watersheds during the period of record ranged from about 50 to 20,000 cells per 100 milliliters (ml). Fecal coliform counts varied over eight orders of magnitude, ranging from less than one cell per 100 ml to over 2 million cells per 100 ml. Counts in most samples exceeded the standard 
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WATER AND SEDIMENT QUALITY MONITORING STATIONS
WITHIN THE KINNICKINNIC RIVER WATERSHED: 1975-2001
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WATER AND SEDIMENT QUALITY MONITORING STATIONS
WITHIN THE MENOMONEE RIVER WATERSHED: 1975-2001
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WATER AND SEDIMENT QUALITY MONITORING STATIONS
WITHIN THE MILWAUKEE RIVER WATERSHED: 1975-2001
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WATER AND SEDIMENT QUALITY MONITORING STATIONS WITHIN THE OAK CREEK WATERSHED: 1975-2001
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WATER AND SEDIMENT QUALITY MONITORING STATIONS WITHIN THE ROOT RIVER WATERSHED: 1975-2001

Map 26

WATER QUALITY MONITORING STATIONS WITHIN THE
AREA DIRECTLY TRIBUTARY TO LAKE MICHIGAN: 2002-2005

for full recreational use of 200 cells per 100 ml. In addition, in many samples the fecal coliform bacteria concentrations in the estuary portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers exceeded the variance standard of 1,000 cells per 100 ml for the Milwaukee River estuary. Figure 11 shows that after 1994, concentrations of fecal coliform bacteria in the estuary sections of the Menomonee River decreased relative to concentrations in earlier periods. Similar decreases were seen after 1994 in the estuary sections of the Kinnickinnic and Milwaukee Rivers. The occurrence of these reductions coincides with the period during which the Inline Storage System came on line. It suggests that, since 1994, reductions in inputs from combined sewer overflows related to use of the Inline Storage System have reduced loadings of fecal coliform bacteria into the estuary. In the Menomonee River, this has reduced loadings of fecal coliform bacteria to the point that mean concentrations of these bacteria in the estuary are significantly lower than the mean concentrations of these bacteria in the sections of the River upstream of the estuary and outside of the combined sewer area.

In most of the major streams of the greater Milwaukee watersheds, variation in fecal coliform bacteria concentration occurs along the length of the streams. Table 32 shows that there were statistically significant trends toward concentrations of fecal coliform bacteria increasing from upstream to downstream along the portions of the mainstems of the Menomonee and Milwaukee Rivers upstream of the estuary. By contrast, in the Root River a statistically significant trend toward concentrations of fecal coliform decreasing from upstream to downstream was detected. In addition, since 1994, median concentrations of fecal coliform bacteria in the estuary sections of the Kinnickinnic, Menomonee, and Milwaukee Rivers have tended to decrease from upstream to downstream. This may be the result of dilution effects from the influence of Lake Michigan.

A summary of time-based trends in fecal coliform bacteria concentrations is shown in Table 33. At 51 percent of the sampling stations along the major streams and rivers of the study area, no statistically significant trends over time were detected in fecal coliform bacteria concentrations. Significant trends toward decreasing concentrations were detected at about 41 percent of sampling stations. Sampling stations with decreasing trends tend to occur at stations along the Kinnickinnic, Menomonee, and Milwaukee Rivers (Table 34), especially in the estuary portions of these Rivers. The reductions at these stations may reflect reduced loadings of fecal coliform bacteria in the combined sewer service area related to the Inline Storage System coming online. Fecal coliform bacteria concentrations tend to be positively correlated with concentrations of biochemical oxygen demand, especially in the Milwaukee River estuary, and with concentrations of several nutrients including ammonia, dissolved phosphorus, total phosphorus, and total nitrogen. These correlations may reflect the fact that these pollutants, to some extent, share common sources and modes of transport into surface waters. Fecal coliform bacteria concentrations are also strongly positively correlated with concentrations of E. coli reflecting the fact that E. coli constitute a major component of fecal coliform bacteria. The long-term trends toward declining fecal coliform bacteria concentrations at several stations represent a long-term improvement in water quality.
The MMSD began regular sampling for E. coli at some sampling stations along the Kinnickinnic, Menomonee, Milwaukee, and Root Rivers in 2000 and at one station along Oak Creek in 2004. In addition, the City of Racine Health Department monitors E. coli concentrations at several sites along the Root River in the City of Racine. Concentrations of E. coli at stations along the mainstems of the major streams and rivers ranged from 0.5 cells per 100 ml to 160,000 cells per 100 ml. During the baseline period, mean concentrations of E. coli in the estuary portion of the Milwaukee River were significantly higher than mean concentrations in the portion of the River upstream from the estuary. Statistically significant increasing trends in E. coli concentration were detected from upstream to downstream along the portions of the Menomonee and Milwaukee Rivers upstream from the estuary (Table 32). Few statistically significant time-based trends were detected in E. coli concentrations (Tables 33 and 34). It is important to note that the short-term data record for E. coli precludes detection of long-term trends. Because E. coli is a major component of fecal coliform bacteria, long-term trends in the concentration of fecal coliform bacteria should give an indication of likely trends in E. coli concentration.
Chlorophyll-a
Concentrations of chlorophyll-a at sampling stations along the mainstems of the five major streams and rivers of the greater Milwaukee watersheds ranged from below the limit of detection to 628.4 micrograms per liter (µg/l). Over the period of record, the mean concentration of chlorophyll-a in the Kinnickinnic River was 8.64 μg/l, the 

[image: image26.wmf]mean concentration of chlorophyll-a in the Menomo​nee River was 9.28 μg/l, the mean concentration of chlorophyll-a in the Milwaukee River was 28.3 µg/l, the mean concentration of chlorophyll-a in Oak Creek was 4.67 µg/l, and the mean concentration of chloro​phyll-a in the Root River was 5.87 µg/l. Chloro​phyll‑a concentrations in the Milwaukee River tend to be higher and more variable than those in the Kinnic​kinnic, Menomonee, and Root Rivers and Oak Creek. Figure 12 shows that after 1993, chlorophyll-a con​centrations at sampling stations in the estuary portions of the Menomonee River decreased. Similar decreases in chlorophyll-a concentrations occurred after 1993 at sampling stations in the estuary portion of the Kinnic​kinnic River. These changes occurred at roughly the time when the Inline Storage System came online and may reflect reductions of nutrient inputs related to the reduction in the number of combined sewer over​flows. While this pattern was observed at one station in the estuary portion of the Milwaukee River, at most of the sampling stations in the estuary portion of the Milwaukee River, decreases in chlorophyll-a concen​trations occurred after 1997. Chlorophyll-a concentra​tions at most stations along Oak Creek increased over time, though at some stations concentrations decreased slightly after 1997. Relatively few historical data are available for chlorophyll-a concentrations at most long-term sampling stations along the Root River. Concentrations of chlorophyll-a at the Johnson Park station were higher during the period 1994-1997 than they were during the period 1987-1993. During the period 1998-2005, chlorophyll-a concentrations at this station were lower than during either of the previous periods.

In most of the Rivers, chlorophyll-a concentrations vary along the length of the River. In Oak Creek and the Root River and in the sections of the Menomonee and Milwaukee Rivers upstream from the estuary, there were statistically significant trends toward chlorophyll-a concentrations increasing from upstream to downstream (Table 32).

Table 33 shows that at most sampling stations, there was no evidence of statistically significant time-based trends in chlorophyll-a concentration. Most of the trends that were detected were trends toward decreasing concentration over time. These trends were observed mostly at sampling stations in the estuary portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers (Table 34). A trend toward chlorophyll-a concentration decreasing over time was also detected at the Johnson Park station along the Root River. By contrast, statistically significant trends toward chlorophyll-a concentration increasing over time were detected at several stations along Oak Creek.
At some stations, chlorophyll-a concentrations are positively correlated with water temperatures. Since chlorophyll-a concentrations strongly reflect algal productivity, this correlation probably reflects the higher growth rates that photosynthetic organisms are able to attain at higher temperatures. At some stations, chlorophyll‑a concentrations are negatively correlated with concentrations of nutrients, such as ammonia, nitrate, and dissolved phosphorus. This reflects the role of these compounds as nutrients for algal growth. As algae grow, they remove these compounds from the water and incorporate them into cellular material. The decrease in 

Table 32
UPSTREAM TO DOWNSTREAM TRENDS IN WATER QUALITY PARAMETERS
FROM SITES IN THE GREATER MILWAUKEE RIVER WATERSHEDS: 1975-2004a
	Constituent
	Menomonee
Rivera,b
	Milwaukee
Rivera,b
	Oak Creeka
	Root Rivera

	Bacteria and Biological
	
	
	
	

	Fecal Coliformc

	(
	(
	0
	(

	E. colic 

	(
	( 
	- -
	0

	Chlorophyll-ac

	(
	(
	(
	(

	Chemical
	
	
	
	

	Alkalinity

	(
	(
	0
	(

	Biochemical Oxygen Demandc

	0
	(
	0
	(

	Chloridec

	(
	(
	(
	(

	Dissolved Oxygen

	(
	(
	(
	0

	Hardness

	(
	(
	0
	(

	pH

	(
	0
	(
	(

	Specific Conductance

	(
	(
	(
	(

	Temperature

	- -
	0
	(
	(

	Suspended Material
	
	
	
	

	Total Suspended Sediment

	0
	(
	- -
	0

	Total Suspended Solids

	(
	(
	(
	(

	Nutrients
	
	
	
	

	Ammoniac

	(
	(
	(
	0

	Kjeldahl Nitrogenc

	(
	0
	0
	(

	Nitratec

	(
	(
	(
	(

	Nitritec

	(
	(
	0
	(

	Organic Nitrogenc

	(
	(
	0
	(

	Total Nitrogenc

	(
	(
	0
	(

	Dissolved Phosphorusc

	(
	(
	(
	(

	Total Phosphorusc

	(
	0
	0
	(

	Metals
	
	
	
	

	Arsenicc

	0
	(
	0
	- -

	Cadmiumc

	(
	(
	0
	0

	Chromiumc

	0
	(
	0
	(

	Copperc

	(
	0
	0
	(

	Leadc

	0
	0
	0
	(

	Mercuryc

	0
	0
	0
	(

	Nickelc

	0
	(
	0
	0

	Zincc

	(
	(
	0
	(


NOTE:
The following symbols were used:

( Indicates a statistically significant increase from upstream to downstream.
(Indicates a statistically significant decrease from upstream to downstream.
0  Indicates that no trend was detected.
aTrends were assessed through linear regression analysis and more detailed results can be found in the corresponding chapters of Technical Report No. 39.
bUpstream to downstream trends were assessed only in the portion of the river upstream from the Milwaukee River estuary.
cThese data were log-transformed before being entered into regression analysis. 
Source: SEWRPC.

chlorophyll-a concentrations in the estuary represent an improvement in water quality. Chlorophyll-a concentrations at some stations are negatively correlated with alkalinity. This reflects both the role of carbon dioxide in photosynthesis and the activity of carbon dioxide dissolved in water. When carbon dioxide dissolves in water, it combines with water to form carbonic acid. This can dissociate to release bicarbonate and carbonate ions. 

Table 33
ANNUAL TRENDS IN WATER QUALITY PARAMETERS AT SAMPLING
STATIONS IN THE GREATER MILWAUKEE WATERSHEDS: 1975-2001a
	
	Trend (percent sampling stations)b,c

	
	Entire Study Area

	Constituent
	Increase
	Decrease
	No Change

	Bacteria and Biological
	
	
	

	Fecal Coliformd

	8
	41
	51

	E. colid

	3
	0
	41

	Chlorophyll-ad

	8
	26
	62

	Chemical/Physical
	
	
	

	Alkalinity

	8
	10
	77

	Biochemical Oxygen Demandd

	0
	85
	15

	Chlorided

	72
	0
	28

	Dissolved Oxygen

	18
	18
	64

	Hardness

	15
	3
	77

	pH

	3
	46
	51

	Specific Conductance

	41
	8
	51

	Suspended Material
	
	
	

	Total Suspended Sediment

	0
	5
	15

	Total Suspended Solids

	18
	13
	64

	Nutrients
	
	
	

	Ammoniad

	0
	82
	18

	Kjeldahl Nitrogend

	8
	26
	66

	Nitrated

	38
	10
	52

	Nitrited

	10
	8
	77

	Organic Nitrogend

	33
	5
	59

	Total Nitrogend

	28
	18
	66

	Dissolved Phosphorusd

	31
	18
	51

	Total Phosphorusd

	16
	38
	46

	Metals
	
	
	

	Arsenicd

	0
	74
	5

	Cadmiumd

	0
	90
	3

	Chromiumd

	5
	56
	33

	Copperd

	67
	18
	15

	Leadd

	0
	77
	18

	Mercuryd

	3
	41
	49

	Nickeld

	0
	49
	44

	Zincd

	64
	3
	28


aTrends were assessed through linear regression analysis. A trend was considered significant if the regression showed a significant slope at P = 0.05 or less. Because MMSD stopped sampling during the winter in 1987, data from winter months are not included in the annual trend analysis.

bTrends were assessed at five sampling stations along the Kinnickinnic River, eight sampling stations along the Menomonee River, 10 sampling stations along the Milwaukee River, seven sampling stations along Oak Creek, and nine sampling stations along the Root River.

cFor any constituent, the total percentage of sampling stations assessed along a river may not add up to 100 percent because data at some sampling stations were insufficient for assessing time-based trends.
dThese data were log-transformed before being entered into regression analysis.

Source: SEWRPC.
Alkalinity is a measure of these forms of inorganic carbon in water. During photosynthesis algae and plants remove carbon dioxide from the water, reducing alkalinity.

The trends toward decreasing chlorophyll-a concentrations at sampling stations in the estuary portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers and at Johnson Park along the Root River represent 

Table 34
ANNUAL TRENDS IN WATER QUALITY PARAMETERS AT SAMPLING STATIONS IN THE GREATER MILWAUKEE WATERSHEDS: 1975-2001a
	
	Trend (percent sampling stations)b,c

	
	Kinnickinnic River
	Menomonee River
	Milwaukee River
	Oak Creek
	Root River

	Constituent
	Increase
	Decrease
	No
Change
	Increase
	Decrease
	No
Change
	Increase
	Decrease
	No
Change
	Increase
	Decrease
	No
Change
	Increase
	Decrease
	No
Change

	Bacteria and Biological
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Fecal Coliformd

	0
	80
	20
	12
	50
	38
	0
	70
	30
	14
	0
	86
	11
	11
	78

	E. colid

	0
	0
	60
	12
	0
	38
	0
	0
	70
	0
	0
	0
	0
	0
	33

	Chlorophyll-ad

	0
	60
	40
	  0
	50
	50
	0
	20
	80
	43
	0
	57
	0
	11
	67

	Chemical/Physical
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Alkalinity

	0
	0
	100
	  0
	25
	75
	30
	0
	70
	0
	14
	86
	0
	11
	67

	Biochemical Oxygen
Demandd

	0
	100
	0
	  0
	100
	  0
	0
	100
	  0
	0
	100
	0
	0
	33
	67

	Chlorided

	100
	0
	0
	75
	0
	25
	90
	0
	10
	71
	0
	29
	33
	0
	67

	Dissolved Oxygen

	20
	0
	80
	50
	0
	50
	10
	30
	60
	0
	43
	57
	11
	11
	78

	Hardness

	0
	0
	100
	  0
	12
	88
	60
	0
	40
	0
	0
	100
	0
	0
	78

	pH

	0
	20
	80
	  0
	50
	50
	10
	40
	50
	0
	100
	0
	22
	0
	78

	Specific Conductance

	40
	0
	60
	38
	12
	50
	100
	0
	  0
	0
	0
	100
	11
	22
	67

	Suspended Material
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Total Suspended
Sediment 

	0
	0
	0
	  0
	0
	25
	0
	0
	20
	0
	0
	14
	0
	22
	11

	Total Suspended Solids

	0
	60
	40
	38
	12
	50
	40
	0
	60
	0
	0
	100
	0
	11
	67

	Nutrients
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ammoniad

	0
	60
	40
	  0
	100
	  0
	0
	100
	  0
	0
	100
	0
	0
	44
	56

	Kjeldahl Nitrogend

	20
	40
	40
	12
	50
	38
	0
	30
	70
	0
	0
	100
	11
	11
	78

	Nitrated

	60
	0
	40
	37
	38
	25
	90
	0
	10
	0
	0
	100
	0
	11
	89

	Nitrited

	40
	0
	60
	  0
	38
	62
	0
	10
	90
	0
	14
	86
	0
	0
	78

	Organic Nitrogend

	80
	0
	20
	38
	0
	62
	0
	10
	90
	57
	0
	43
	22
	11
	67

	Total Nitrogend

	60
	0
	40
	12
	25
	63
	60
	0
	40
	0
	0
	100
	11
	0
	89

	Dissolved Phosphorusd

	60
	20
	20
	50
	25
	25
	10
	30
	60
	57
	0
	43
	0
	11
	89

	Total Phosphorusd

	40
	40
	20
	12
	50
	38
	0
	80
	20
	43
	0
	57
	0
	11
	89

	Metals
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Arsenicd

	0
	100
	0
	  0
	88
	12
	10
	90
	  0
	0
	100
	0
	0
	11
	89

	Cadmiumd

	0
	100
	0
	  0
	100
	  0
	0
	100
	  0
	0
	100
	0
	0
	56
	11

	Chromiumd

	40
	20
	40
	  0
	75
	25
	10
	70
	20
	0
	29
	71
	0
	56
	22

	Copperd

	100
	0
	0
	88
	0
	12
	70
	10
	20
	100
	0
	0
	0
	67
	33

	Leadd

	0
	100
	0
	  0
	88
	12
	0
	100
	  0
	0
	100
	0
	0
	11
	67

	Mercuryd

	0
	100
	0
	  0
	62
	38
	0
	50
	40
	0
	14
	86
	11
	0
	67

	Nickeld

	0
	20
	80
	  0
	62
	38
	0
	70
	30
	0
	0
	100
	0
	67
	0

	Zincd

	40
	0
	60
	88
	0
	12
	90
	10
	  0
	100
	0
	0
	0
	0
	78


aTrends were assessed through linear regression analysis. A trend was considered significant if the regression showed a significant slope at P = 0.05 or less. Because MMSD stopped sampling during the winter in 1987, data from winter months are not included in the annual trend analysis.

bTrends were assessed at five sampling stations along the Kinnickinnic River, eight sampling stations along the Menomonee River, 10 sampling stations along the Milwaukee River, seven sampling stations along Oak Creek, and nine sampling stations along the Root River.

cFor any constituent, the total percentage of sampling stations assessed along a river may not add up to 100 percent because data at some sampling stations were insufficient for assessing time-based trends.

dThese data were log-transformed before being entered into regression analysis.

[image: image27.wmf]Source: SEWRPC.
[image: image28.wmf]improvements in water quality. The trends toward increasing chlorophyll-a concentrations at some sta​tions in Oak Creek represent a decrease in water quality.

Chemical and Physical Parameters

Temperature

Water temperatures from the mainstems of the five major streams and rivers of the greater Milwaukee watersheds ranged from the freezing point to over 34 degrees Celsius (ºC). The annual median water tem​perature in the Kinnickinnic River during the period 1998-2001 ranged from 18.9ºC at the sampling station at S. 27th Street up to 20.3ºC at the station at S. 7th Street and down to 15.3ºC at the station at the Jones Island Ferry. The annual median water temperature in the Menomonee River during the period 1998-2001 ranged from 14.3ºC at the sampling station at W. County Line Road to 19.0ºC at the station at S. 2nd Street. The annual median water temperature in the Milwau​kee River during the period 1998-2004 ranged from 15.0ºC at W. Silver Spring Drive to 19.0ºC at CTH M near Newburg. The annual median water temperature in Oak Creek during the period 1998-2001 ranged from 13.0 degrees Celsius (ºC) at the sampling station at W. Ryan Road up to 15.7ºC at the station at the Oak Creek Parkway site east of S. Lake Drive. The annual median water temperature in the Root River during the period 1998-2005 ranged from 14.4 ºC at the sampling station at the intersection of W. National Avenue and W. Oklahoma Avenue up to 19.5ºC at the station near the mouth of the River.

Because of the complexity of these temperature trends, they were further analyzed using a three-factor analysis of variance. This type of analysis tests for statistically significant differences among mean temperatures based upon three different factors which may account for any differences. In addition, it tests for significant effects on mean temperatures of any interactions between the factors. In this instance, the independent factors examined were sampling station, season, and the time periods. Because of differences in data availability, different time periods were examined for each watershed. For the Kinnickinnic River and Oak Creek, the periods examined were 1982-1986, 1987-1993, 1994-1997, and 1998-2001. For the Menomonee River the periods examined were 1985-1994 and 1995-2001. For the Milwaukee River the periods examined were 1975-1986, 1987-1993, 1994-1997, and 1998-2004. The data from the Root River watershed were not adequate for performing this analysis. In all watersheds, data from winter months were not included in this analysis because of the small number of samples taken during the winter.

For the Kinnickinnic and Menomonee Rivers, the results of these analyses suggest that the estuary and the section of the Rivers upstream from the estuary experience different temperature regimes. In the Kinnickinnic River, annual mean water temperatures at the stations upstream from the estuary are four to five degrees Celsius higher than annual mean water temperature at the stations in the estuary (Figure 13). The lower water temperatures in the estuary may result from the effects of a complex mixing regime involving water from the Kinnickinnic River, 
the Milwaukee River, and the Milwaukee Harbor. The difference in mean temperatures between estuary 
and upstream stations are less pronounced in the fall than in the spring or summer. Since the period 1982-1986, mean temperatures in the Kinnickinnic River have increased. In the Menomonee River, mean water tempera​tures generally were warmer downstream. The only exception to this trend occurred in the lower estuary 

at the confluence with the Milwaukee River. The increases in mean water temperature at the sampling stations in the estuary may reflect a number of factors including stagnation of water within Burnham Canal, the influence of the We Energies power plant thermal discharge and influx of Lake Michigan water from the outer harbor areas.

[image: image29.wmf]
For the Milwaukee River, this analysis revealed no statistically significant differences among mean water temperatures at different sampling stations. The results did indicate that mean water temperatures in the Milwaukee River were significantly lower during the period 1975-1986 than during subsequent periods. In addition, the analysis found a significant interaction between the effects of sample site and season. Sea​sonal differences in mean water temperature were less pronounced at the two stations farthest downstream, N. Water Street and the Union Pacific Railroad. These differences most likely result from interactions with water from Lake Michigan.

For Oak Creek, the results of this analysis suggest that water temperature at the sampling station farthest upstream, the W. Ryan Road station, are significantly cooler than those at the other stations. The analysis did not detect any differences among the time periods.

For the Kinnickinnic River, the data show slight trends toward increasing water temperature at two stations in the estuary, the Jones Island Ferry and E. Greenfield Avenue (extended) stations. For the most part, at individual stations annual mean water temperatures have increased over time in the Menomonee River. In the Milwaukee River, slight trends toward increasing water temperatures were detected at three estuary stations: E. Wells Street, N. Water Street, and the Union Pacific Railroad. These trends account for a very small portion of the variation in the data and are likely attributable to slight increasing trends during summer months. Few trends over time were detected in temperatures along Oak Creek or the Root River. For the Root River, the data show a slight trend toward increasing water temperature at the stations below the Horlick dam and a slight trend toward decreasing water temperatures at the station near the mouth of the River.

The trends toward increasing water temperature at some sampling stations represent a reduction in water quality.

Alkalinity

Values of alkalinity in samples collected from the mainstems of the five major streams and rivers of the greater Milwaukee watersheds ranged from 3.5 milligrams per liter (mg/l) expressed as the equivalent concentration of calcium carbonate (mg/l as CaCO3) to 999.0 mg/l as CaCO3. There were differences among the major streams and rivers in the mean values of alkalinity during the period of record. These means were 176.3 mg/l as CaCO3 in the Kinnickinnic River, 228.1 mg/l as CaCO3 in the Menomonee River, 235.6 mg/l as CaCO3 in the Milwaukee River, 247.3 mg/l as CaCO3 in Oak Creek, and 273.0 mg/l as CaCO3 in the Root River. In general, alkalinity tended to be higher in upstream portions of these Rivers than in the downstream portions. Two sets of trends indicate this. First, in the Kinnickinnic, Menomonee, and Milwaukee Rivers, analysis of variance (ANOVA) showed that mean concentrations of alkalinity tended to be significantly lower in the estuary portions of the Rivers than in the portions upstream from the estuary. Second, in the Menomonee, Milwaukee, and Root Rivers, regression analysis showed the presence of statistically significant trends toward decreasing alkalinity from upstream to downstream (Table 32). These differences may reflect differences in the relative importance of groundwater and surface runoff on the chemistry of water in the Rivers with surface runoff becoming increasing influential downstream. In addition, these differences may reflect the influence of water from Lake Michigan on the chemistry of the estuary portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers. Few sampling stations along any of the Rivers showed evidence of time-based trends in alkalinity (Tables 33 and 34). A strong seasonal pattern in alkalinity is apparent at many stations. Alkalinity concentrations are low in late winter or early spring. They increase to a peak that occurs in late spring. Following this they rapidly decline to a low point in mid summer. This is followed by a gradual increase during late summer and fall months to a second peak in late fall. There is moderate variation around this pattern. Alkalinity concentrations in the Rivers are generally strongly positively correlated with hardness, pH, specific conductance, and concentrations of chloride, all parameters which, like alkalinity, measure amounts of dissolved material in water. In addition, alkalinity concentrations in the Rivers are negatively correlated with total suspended solids. At some stations, alkalinity concentrations tend to be negatively correlated with temperature, reflecting the fact that alkalinity indirectly measures concentrations of carbon dioxide in water and that the solubility of gases in water decreases with increasing temperature. Alkalinity at some stations is negatively correlated with chlorophyll-a concentrations, reflecting the removal of carbon dioxide from water through photosynthesis.

Biochemical Oxygen Demand (BOD)

Concentrations of biochemical oxygen demand (BOD) in samples collected from the mainstems of the five major streams and rivers of the greater Milwaukee watersheds ranged from below the limit of detection to 76.5 mg/l. There were differences among the major streams and rivers in the mean values of BOD during the period of record. These means were 3.37 mg/l in the Kinnickinnic River, 2.80 mg/l in the Menomonee River, 2.90 mg/l in the Milwaukee River, 2.24 mg/l in Oak Creek, and 3.04 mg/l in the Root River. Figure 14 shows BOD concentrations at sampling stations along the mainstem of the Milwaukee River. At most stations, concentrations of BOD decreased over time. Concentrations of BOD also decreased over time at most sampling stations along the other major streams and rivers in the study area. These decreases represent statistically significant trends (Tables 33 and 34). During the periods before 1994, the mean value of BOD at stations in the estuary portion of the Menomonee River was significantly higher than the mean value of BOD at the stations upstream from the estuary. This indicates that the water in the estuary contained a higher concentration of organic material. The sampling stations in the estuary are the only stations on the Menomonee River within the combined sewer overflow area, suggesting that overflows from the combined sewers may have been contributing to higher amounts of organic material in the water of the estuary than in the water of the reaches upstream from the estuary. In 1994, this relationship changed. From this year onward, there were no statistically significant differences between the mean concentrations of BOD in the estuary and the reaches upstream of the estuary. This change coincides with the Inline Storage System coming on line. It suggests that, since 1994, reductions in inputs from combined sewer overflows related to use of the Inline Storage System have reduced loadings of organic material into the estuary to levels below concentrations that would produce significant differences in BOD between the estuary and the section of the River upstream of the estuary.

Several other factors may influence BOD concentrations in surface waters. BOD concentrations at some sampling stations are positively correlated at most stations with concentrations of fecal coliform bacteria and some nutrients such as ammonia, organic nitrogen, and total phosphorus. These correlations may reflect the fact that these pollutants, to some extent, share common sources and modes of transport into surface waters. Decomposition of organic material in the sediment acts as a source of BOD to the overlying water. The declining trend in BOD concentrations over time detected at stations along the mainstem of the River represent an improvement in water quality.

Chloride

Concentrations of chloride in samples collected from the mainstems of the five major streams and rivers of the greater Milwaukee watersheds ranged from 1.0 mg/l to 999.0 mg/l. There were differences among the major streams and rivers in the mean concentrations of chloride during the period of record. These means were 99.0 mg/l in the Kinnickinnic River, 99.9 mg/l in the Menomonee River, 50.1 mg/l in the Milwaukee River, 158.6 mg/l in Oak Creek, and 142.7 mg/l in the Root River. All sampling stations show wide variations between minimum and maximum values. In the Kinnickinnic and Menomonee Rivers, concentrations of chloride occasionally 

Figure 14

BIOCHEMICAL OXYGEN DEMAND AT SITES ALONG THE MAINSTEM OF THE MILWAUKEE RIVER: 1975-2004
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Source:
U.S. Geological Survey, U.S. Environmental Protection Agency, Wisconsin Department of Natural Resources, Milwaukee Metro​politan Sewerage District, and SEWRPC.

exceeded Wisconsin’s chronic toxicity criteria for fish and aquatic life of 395 mg/l and acute toxicity criteria for fish and aquatic life of 757 mg/l. In the Milwaukee River, concentrations of chloride were generally below these standards. In Oak Creek and the Root River, concentrations occasionally exceeded the chronic toxicity criteria and rarely exceeded the acute toxicity criteria. Figure 15 shows that chloride concentrations at sampling stations along the Milwaukee River increased over time. This increase was observed in the other Rivers as well. Statistically significant trends toward chloride concentrations increasing were detected at most sampling stations (Tables 33 and 34). Chloride concentrations at several sampling stations show a strong seasonal pattern. For the period during which winter data are available, mean chloride concentrations were highest in winter or early spring. This is likely to be related to the use of deicing salts on streets and highways. These concentrations declined through the spring to reach lows during summer and fall.

Chloride concentrations show strong positive correlations with alkalinity, hardness, and specific conductance, all parameters which, like chloride, measure amounts of dissolved material in water. This may reflect common mechanisms of entry into surface waters. In addition, chloride concentrations at many sampling stations are strongly negatively correlated with temperature, reflecting the use of deicing salts on streets and highways during cold weather. The increase in chloride concentrations in the streams of the greater Milwaukee watersheds represents a decline in water quality.

Dissolved Oxygen

Over the period of record, the mean concentration of dissolved oxygen in the major streams of the greater Milwaukee watersheds ranged from concentrations which were undetectable to concentrations in excess of saturation. Over the period of record, the mean concentration of dissolved oxygen in the Kinnickinnic River was 9.4 mg/l, the mean concentration of dissolved oxygen in the Menomonee River was 8.2 mg/l, the mean concentration of dissolved oxygen in the Milwaukee River was 9.4 mg/l, the mean concentration of dissolved 


Figure 15

CHLORIDE CONCENTRATIONS AT SITES ALONG THE MAINSTEM OF THE MILWAUKEE RIVER: 1975-2004
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Standards not shown on the graph are a planning standard of 1,000 mg/l; an acute toxicity for aquatic life standard of 757 mg/l; and a chronic toxicity for aquatic life standard of 395 mg/l.
Source:
U.S. Geological Survey, U.S. Environmental Protection Agency, Wisconsin Department of Natural Resources, Milwaukee Metro​politan Sewerage District, and SEWRPC.

oxygen in Oak Creek was 8.4 mg/l, and the mean concentration of dissolved oxygen in the Root River was 7.1 mg/l. In the Kinnickinnic, Menomonee, and Milwaukee Rivers, mean dissolved oxygen concentrations in the estuary portions of the Rivers were significantly lower than mean concentrations in the sections of the Rivers upstream from the estuary. Since 1998, concentrations of dissolved oxygen measured at some sampling stations have occasionally been below the fish and aquatic life standard of 5.0 mg/l, or in the sections of the Kinnickinnic, Menomonee, and Milwaukee Rivers subject to a variance standard under Chapter NR 104 of the Wisconsin Administrative Code, below the variance standard of 2.0 mg/l.
Dissolved oxygen concentrations at some sampling stations in the estuary portions of the Kinnickinnic and Menomonee Rivers increased after 1993. This is shown for the Menomonee River in Figure 16. Few statistically significant time-based trends were detected in dissolved oxygen concentrations (Table 33). Significant trends toward increasing dissolved oxygen concentration were detected at most of the estuary stations along the Menomonee River and one estuary station along the Kinnickinnic River (Table 34). In addition, when the data were examined for trends on a seasonal basis, statistically significant increasing trends in dissolved oxygen concentration during the summer were detected at three stations in the estuary portion of the Milwaukee River. These trends toward increasing dissolved oxygen concentrations in the estuary sections of these Rivers are a likely consequence of a reduction in loadings of organic pollutants from combined sewer overflows since MMSD’s Inline Storage System went on line. The trends at these stations toward increasing dissolved oxygen concentration represent an improvement in water quality. By contrast, statistically significant trends toward decreasing dissolved oxygen concentration were detected at three sampling stations along Oak Creek. This represents a decrease in water quality.

[image: image30.wmf]The data show strong seasonal patterns to the mean concentrations of dissolved oxygen. Concentrations of dissolved oxygen tend to be highest during the winter. They decline through spring to reach a minimum during the summer. Following this, they rise through the fall to reach maximum values in winter. This sea​sonal pattern is driven by changes in water tempera​ture. The solubility of oxygen in water decreases with increasing temperature. In addition, the metabolic demands and oxygen requirements of most aquatic organisms, including bacteria, tend to increase with increasing temperature. Higher rates of bacterial decomposition when the water is warm may contrib​ute to the declines in the concentration of dissolved oxygen observed during the summer. In addition to the reasons mentioned above, dissolved oxygen con​centrations can also be affected by a variety of other factors including the presence of aquatic plants, sunlight, turbulence in the water, and the amount and type of sediment as summarized in Chapter II of SEWRPC Technical Report No. 39.

It is important to note that supersaturation of water with dissolved oxygen occasionally occurs at some sampling stations in the greater Milwaukee water​sheds. Supersaturation of water with dissolved oxygen occurs when the water contains a higher concentration of dissolved oxygen than is normally soluble at ambi​ent conditions of temperature and pressure. While oxygen concentrations in excess of saturation are detected at these stations throughout the year, the highest oxygen concentrations occur mostly during the spring and fall. Oxygen supersaturation is proba​bly caused by high intensities of photosynthesis by attached algae growing in concrete-lined channels at and upstream of the sampling stations. This has two implications. First, because dissolved oxygen samples are often collected during the day, the dissolved oxygen concentration data presented may be less representative of average concentrations and more typical of maximum concentrations achieved during diurnal periods. Second, respiration by the same attached algae may cause steep declines in dissolved oxygen concentration at these stations at night when photosynthesis cannot occur due to lack of light.

Several other factors also affect dissolved oxygen concentrations in the streams of the greater Milwaukee watersheds. Settling of suspended material in areas of slower water velocity can transfer material from the water column to the sediment. Decomposition of organic matter contained in this material, through chemical and especially biological processes, removes oxygen from the overlying water, lowering the dissolved oxygen concentration. This can be particularly influential in the estuary portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers, as indicated by the lower concentrations of total suspended solids (TSS) in the estuary (see the section on suspended material below). Second, influxes of water from Lake Michigan and other streams or Rivers may influence dissolved oxygen concentrations, especially in the downstream portions of the estuary. When dissolved oxygen concentrations in these waterbodies are higher than in the estuary, mixing may act to increase dissolved oxygen concentrations in the lower estuary. Third, at many sampling stations, dissolved oxygen concentrations are inversely correlated with ammonia and nitrite concentrations. This suggests that oxidation of ammonia and nitrite to nitrate through biologically mediated nitrification may also be acting to lower dissolved oxygen concentrations when concentrations of these compounds are high. Fourth, dissolved oxygen concen​trations at many sampling stations are positively correlated with pH. This reflects the effect of photosynthesis on both of these parameters. During photosynthesis, algae and plants remove carbon dioxide from the water. This tends to raise the water’s pH. At the same time, oxygen is released as a byproduct of the photosynthetic reactions. Fifth, in the case of the Kinnickinnic River, MMSD operates a flushing tunnel capable of pumping approximately 225 million gallons of water per day from Lake Michigan into the Kinnickinnic River through an outfall near Chase Avenue. Flushing through this tunnel acts to improve water quality in the estuary by increasing flow in the River and flushing stagnant water downstream. MMSD currently operates this tunnel when dissolved oxygen concentrations at the sampling station at S. 1st Street drop below 3.0 mg/l. Typically, flushing occurs six to 12 times per year. Sixth, in the estuary portion of the Menomonee River, We Energies operates an electric power generating plant which discharges cooling water into the River near the Burnham Canal sampling station. These discharges can raise water temperatures in the estuary, resulting in lower oxygen solubility.

Hardness

Values of hardness in samples collected from the mainstems of the five major streams and rivers of the greater Milwaukee watersheds show considerable variability, ranging from 5.0 mg/l as CaCO3 to 1,208 mg/l as CaCO3. Some of this variability probably results from inputs of relatively soft water during storm events. There were differences among the major streams and rivers in the mean values of hardness during the period of record. These means were 253.0 mg/l as CaCO3 in the Kinnickinnic River, 299.6 mg/l as CaCO3 in the Menomonee River, 284.8 mg/l as CaCO3 in the Milwaukee River, 372.4 mg/l as CaCO3 in Oak Creek, and 373.6 mg/l as CaCO3 in the Root River. These means are considered to represent very hard water. In general, hardness tended to be higher in upstream portions of these Rivers than in the downstream portions. Two sets of trends indicate this. First, in the Kinnickinnic, Menomonee, and Milwaukee Rivers, analysis of variance (ANOVA) showed that mean hardness tended to be significantly lower in the estuary portions of the Rivers than in the portions upstream from the estuary. Second, in the Menomonee, Milwaukee, and Root Rivers, regression analysis showed the presence of statistically significant trends toward decreasing hardness from upstream to downstream (Table 32). These differences may reflect differences in the relative importance of groundwater and surface runoff on the chemistry of water in the Rivers with surface runoff becoming increasingly influential downstream. In addition, these differences may reflect the influence of water from Lake Michigan on the chemistry of the estuary portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers. Few sampling stations along any of the Rivers showed evidence of time-based trends in hardness (Tables 33 and 34). Where trends were detected, they accounted for a small portion of the variation in the data. At most stations, there is little evidence for seasonal patterns in hardness. Hardness concentrations in the Rivers are generally strongly positively correlated with alkalinity, pH, specific conductance, and concentrations of chloride, all parameters which, like hardness, measure amounts of dissolved material in water. In addition, hardness concentrations at some stations are negatively correlated with total suspended solids.
pH

Values of pH in samples collected from the mainstems of the five major streams and rivers of the greater Milwaukee watersheds ranged from 7.4 standard units to 8.5 standard units. There were differences among the major streams and rivers in the mean values of pH during the period of record. These means were 7.9 standard units in the Kinnickinnic River, 7.9 standard units in the Menomonee River, 8.2 standard units in the Milwaukee River, 7.7 standard units in Oak Creek, and 7.7 standard units in the Root River. At most stations, pH varied only by + 1.0 standard unit from the stations’ mean values. In general, pH tended to be significantly lower in the estuary portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers than in the portions upstream from the estuary. In the Root River and Oak Creek and in the portion of the Menomonee River upstream from the estuary, regression analysis showed the presence of statistically significant trends toward increasing pH from upstream to downstream (Table 32). Time-based trends in pH were detected at about half of the sampling stations (Table 33). At some stations along the Menomonee and Milwaukee Rivers and most stations along Oak Creek, statistically significant trends toward decreasing pH were detected (Table 34). By contrast, statistically significant trends toward increasing pH were detected at some stations along the Root River. The causes of these trends are not known. During the spring months, pH tended to be higher in the Rivers than during summer or fall. Positive correlations were found between pH in the Rivers and alkalinity, hardness, specific conductance, and concentrations of chloride, all parameters which, like pH, measure amounts of dissolved material in water. In general, these correlations were not as common or as strong as the correlations among alkalinity, hardness, and specific conductance. In addition, pH was positively correlated with dissolved oxygen concentration and, at some stations, concentrations of chlorophyll-a. These correlations reflect the effect of photosynthesis on these parameters. During photosynthesis, algae and plants remove carbon dioxide from the water. This tends to raise the water’s pH. At the same time, oxygen in released as a byproduct of the photosynthetic reactions. If sufficient nutrients are available, this results in increased algal growth, which is reflected in higher chlorophyll-a concentrations.

Specific Conductance

Values of specific conductance in samples collected from the mainstems of the five major streams and rivers of the greater Milwaukee watersheds show considerable variability, ranging from below the limit of detection to 8,280 microSiemens per centimeter (μS/cm). Some of this variability may reflect the discontinuous nature of inputs of dissolved material into surface waters. Runoff associated with storm events can have a major influence on the concentration of dissolved material in surface waters. The first runoff from a storm event transports a large pulse of salts and other dissolved material from the watershed into waterbodies. This will tend to raise specific conductance. Later runoff associated with the event will be relatively dilute. This will tend to lower specific conductance. The mean values of specific conductance during the period of record were 778.7 μS/cm in the Kinnickinnic River, 841.9 μS/cm in the Menomonee River, 635.7 μS/cm in the Milwaukee River, 1,138.4 μS/cm in Oak Creek, and 979.4 μS/cm in the Root River. In the Kinnickinnic, Menomonee, and Milwaukee Rivers, mean values of specific conductance were lower in the estuary than in reaches upstream from the estuary (Table 32). This probably results from the greater volume of water passing through the estuary and from interactions with Lake Michigan. The data show a seasonal pattern of variation in specific conductance. For those years in which data were available, specific conductance was highest during the winter. It then declined during the spring to reach lower levels in the summer and fall. Statistically significant time-based trends in specific conductance were detected at about half of the sampling stations (Table 33). Most of the trends detected were toward increasing specific conductance and were detected at stations along the Kinnickinnic and Milwaukee Rivers (Table 34). Trends toward decreasing specific conductance were detected at a few stations, mostly at stations along the Root River or in upstream areas of the Menomonee River. Specific conductance in streams in the greater Milwaukee watersheds shows strong positive correlations with alkalinity, chloride, and hardness, all parameters which, like specific conductance, measure amounts of dissolved material in water. At many stations, specific conductance also shows negative correlations with water temperature, reflecting the fact that specific conductance tends to be lower during the summer. The increases in specific conductance in the Kinnickinnic and Milwaukee Rivers indicate that the concentrations of dissolved materials in water in these Rivers are increasing and represent a decline in water quality.

Suspended Material

Concentrations of total suspended solids (TSS) in samples collected from the mainstems of the five major streams and rivers of the greater Milwaukee watersheds show considerable variability, ranging from below the limit of detection to 1,400 mg/l. The mean concentrations of TSS during the period of record were 20.5 mg/l in the Kinnickinnic River, 21.4 mg/l in the Menomonee River, 25.1 mg/l in the Milwaukee River, 30.9 mg/l in Oak Creek, and 22.1 mg/l in the Root River. In the Kinnickinnic, Menomonee, and Milwaukee Rivers, mean concentrations of TSS were lower in the estuary than reaches upstream from the estuary. This reflects the fact that portions of the estuary act as a settling basin in which material suspended in water sink and fall out into the sediment. At most sampling stations, no significant time-based trends were detected in TSS concentrations (Table 33). Statistically significant trends toward increasing TSS over time were detected at a few sampling stations in the estuary sections of the Menomonee and Milwaukee Rivers (Table 34). TSS concentrations showed strong positive correlations with total phosphorus concentrations, reflecting the fact that total phosphorus concentrations include a large particulate fraction. TSS concentrations were also positively correlated with concentrations of fecal coliform bacteria and nutrients. TSS concentrations showed negative concentrations with water quality parameters that measure amounts of dissolved materials in water, including alkalinity, hardness, and specific conductance.
In addition to TSS, total suspended sediment concentration was sampled at four sites along the mainstem of the Milwaukee River and four sites along the mainstem of the Root River. The mean values for total suspended sediment concentration over the period of record were 33.7 mg/l in the Milwaukee River and 41.3 mg/l in the Root River. Values in individual samples ranged between 1.0 mg/l and 323.0 mg/l. Statistically significant trends toward decreasing total suspended sediment concentrations were detected at two stations along the Root River. These results should be interpreted with caution as they result from comparison of concentrations from one to two years in the mid-1970s to concentrations from 2004 and may be more reflective of changes in methodology than changes in concentration in the River. It is important to note that total suspended sediment concentrations are not comparable to TSS concentrations.

Nutrients

Nitrogen Compounds

Concentrations of total nitrogen in the five major streams and rivers of the greater Milwaukee watersheds ranged from below the limit of detection to 17.26 milligrams per liter measured as nitrogen (mg/l as N). The mean concentrations of total nitrogen during the period of record were 1.52 mg/l as N in the Kinnickinnic River, 1.68 mg/l as N in the Menomonee River, 1.87 mg/l as N in the Milwaukee River, 1.19 mg/l as N in Oak Creek, and 2.38 mg/l as N in the Root River. Figure 17 shows changes in total nitrogen concentrations over time since 1975 at several sampling stations along the mainstem of Oak Creek. Similar patterns of change in total nitrogen occurred at most sampling stations in the study area. At all stations with data records extending back before 1987, concentrations of total nitrogen during the period 1987-1993 were lower than during the period 1975-1986. At most stations, concentrations of total nitrogen increased in subsequent periods. At a few stations, this increase did not begin until after 1993. Similarly, at a few stations, mean concentrations decreased after 1997. In the Kinnickinnic and Menomonee Rivers, concentrations of total nitrogen were higher in the estuary than in the sections of these Rivers upstream from the estuary. Sediment deposits in the estuary have been shown to release ammonia to the overlying water.
 This difference may be a consequence of that release. The opposite pattern was seen in the Milwaukee River. In this River, mean concentrations of total nitrogen were higher in the section of the River upstream of the estuary than in the estuary. This could be the result of either lower rates of ammonia release from sediment in,
 or larger volumes of water flowing through, the Milwaukee River portion of the estuary. In addition, statistically significant trends toward total nitrogen concentrations decreasing from upstream to downstream were detected along the Menomonee and Milwaukee Rivers (Table 32). By contrast, a trend toward total nitrogen concentrations increasing from upstream to downstream was detected in the Root River. Statistically significant time-based trends in total nitrogen concentrations were not detected at most sampling stations, however, significant trends toward increasing total nitrogen concentration were detected at several stations (Table 33). These were located mostly in upstream areas of the Kinnickinnic and Milwaukee Rivers (Table 34). The concentration of total nitrogen at some stations is positively correlated with the concentrations of nitrate and organic nitrogen, reflecting the fact that these tend to be the major forms of nitrogen compounds in the River. In addition, concentrations of total nitrogen were positively correlated with concentrations of total phosphorus at most stations. This probably reflects the nitrogen and phosphorus contained in particulate organic matter in the water, including live material such as plankton and detritus.

Total nitrogen is a composite measure of several different compounds which vary in their availability to algae and aquatic plants and vary in their toxicity to aquatic organisms. Common constituents of total nitrogen include ammonia, nitrate, and nitrite. In addition a large number of nitrogen-containing organic compounds, such as 

[image: image31.wmf]amino acids, nucleic acids, and proteins commonly occur in natural waters. These compounds are usually reported as organic nitrogen.

Ammonia concentrations in the five major streams and rivers of the greater Milwaukee watersheds ranged from below the limit of detection to 8.6 mg/l as N. The mean concentrations of ammonia during the period of record were 0.35 mg/l as N in the Kinnic​kinnic River, 0.26 mg/l as N in the Menomonee River, 0.20 mg/l as N in the Milwaukee River, 0.19 mg/l as N in Oak Creek, and 0.16 mg/l as N in the Root River. Figure 18 shows that ammonia concentrations have decreased over time at most stations along the main​stem of the Menomonee River. Similar decreases occurred at sampling stations along the mainstems of the other major streams and rivers in the study area. These decreases represent significant decreasing trends in ammonia concentrations (Tables 33 and 34). Mean ammonia concentrations in the estuary portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers tended to be higher than the mean concentra​tions in the portions of these Rivers upstream from the estuary. As noted above, sediment deposits in the estuary have been shown to release ammonia to the overlying water.
 This difference may be a conse​quence of that release. Ammonia concentrations in the Milwaukee River tended to be higher during the winter than during other seasons. In the other watersheds, no clear seasonal pattern was detected in ammonia concentrations. In the sections of the Menomonee and Milwaukee Rivers upstream from the estuary and along the length of Oak Creek, there were significant trends toward ammonia concentrations decreasing from upstream to downstream (Table 32). Ammonia concentrations at some stations, especially in the estuary, are positively correlated with concentrations of fecal coliform bacteria. This may reflect common sources and modes of transport into the River for these two pollutants. Ammonia concentrations at some stations were also negatively correlated with chlorophyll-a concentrations. This reflects the role of ammonia as a nutrient for algal growth. During periods of high algal productivity, algae remove ammonia from the water and incorporate it into cellular material.

Nitrate concentrations in the five major streams and rivers of the greater Milwaukee watersheds ranged from below the limit of detection to 30.27 mg/l as N. The mean concentrations of nitrate during the period of record were 0.55 mg/l as N in the Kinnickinnic River, 0.67 mg/l as N in the Menomonee River, 0.78 mg/l as N in the Milwaukee River, 0.51 mg/l as N in Oak Creek, and 2.38 mg/l as N in the Root River. In the Kinnickinnic, Menomonee, and Milwaukee Rivers and Oak Creek, the general pattern of changes in nitrate concentrations at most stations were similar to the changes in concentrations of total nitrogen. At all stations, concentrations of nitrate during the period 1987-1993 were lower than during the period 1975-1986. In subsequent periods, concentrations of nitrate increased. At a few stations, this increase began after 1993. This suggests that the changes over time in nitrate concentrations may be driving the changes over time in total nitrogen concentrations. In the Root River, nitrate concentrations appear to be increasing, however, at the Johnson Park station concentrations decreased after 1993. In the sections of the Menomonee and Milwaukee Rivers upstream from the estuary, there are statistically significant trends toward nitrate concentrations decreasing from upstream to 

[image: image32.wmf]downstream. The relationship between the mean con​centrations of nitrate in the estuary and in the sections of the Kinnickinnic, Menomonee, and Milwaukee Rivers upstream from the estuary differs among the three Rivers. In the Kinnickinnic River, mean nitrate concentrations in the estuary were higher than mean nitrate concentrations in the section of the River upstream of the estuary during all periods. The situa​tion was more complicated in the Menomonee River. During the period from 1975 to 1986, the mean con​centration in the estuary was lower than the mean concentration at the stations upstream from the estu​ary. From 1987-1994, there was no significant dif​ference between the mean concentration in the estuary and the mean concentration in the reaches upstream from the estuary. After 1993, the mean concentrations in the estuary were higher than those in the reaches upstream. A complicated pattern was also observed in the Milwaukee River. During the period 1975-1986, mean concentrations of nitrate in the estuary were lower than those in the section of the River upstream from the estuary. During the periods 1987-1993 and 1994-1997, there were no statistically significant differences between mean nitrogen concentrations in these two sections of the River. During the period 1998-2004, concentrations of nitrate in the estuary were lower than those in the section of the River upstream from the estuary. Table 33 shows that statistically significant time-based trends in nitrate concentrations were detected at fewer than half of the sampling stations. At most of the stations where trends were detected, the trends were toward increas​ing nitrate concentration. These increasing trends occurred at sampling stations in the estuary portions of the Kinnickinnic and Menomonee Rivers and at most stations along the Milwaukee River (Table 34). The data show evidence of seasonal variations in nitrate concentration. In most of the major streams and rivers, nitrate concentration was highest in the winter and lowest during summer or early fall. In the Root River, the concentrations of nitrate tended to be lower during the winter. Nitrate concentrations at some stations were negatively correlated with concentrations of chlorophyll-a and organic nitrogen. These correlations reflect the role of nitrate as a nutrient for algal growth. During periods of high algal productivity, algae remove nitrate from water and incorporate it into cellular material.

The mean concentrations of nitrite during the period of record were 0.037 mg/l as N in the Kinnickinnic River, 0.038 mg/l as N in the Menomonee River, 0.024 mg/l as N in the Milwaukee River, 0.028 mg/l as N in Oak Creek, and 0.135 mg/l as N in the Root River. Nitrite concentrations showed more variability than nitrate. This probably reflects the fact that nitrite in oxygenated water tends to oxidize to nitrate fairly quickly. In the Milwaukee and Menomonee Rivers, the mean concentrations of nitrite in the estuary portions of the Rivers tended to be higher than the mean concentrations in the portions of the Rivers upstream from the estuary. The cause of this difference is not known. The relationship between mean nitrite concentrations in the estuary and the section of the River upstream in the Kinnickinnic River was more complicated. During the period 1975-1993, mean nitrite concentrations were significantly higher in the estuary. During the period 1994-1997, this relationship changed. Mean nitrite concentrations during this period were significantly higher in the section of the River upstream from the estuary. No significant differences were detected between the mean concentration of nitrite at the stations in the estuary and the mean concentration of nitrite at the stations upstream from the estuary during the period 1998-2001. Few statistically significant time-based trends were detected in nitrite concentration (Table 33). Trends toward increasing nitrite concentrations were detected at a few stations, mostly in the upstream reaches of the Kinnickinnic River (Table 34). Trends toward decreasing nitrite concentrations were detected at a few stations, mostly in the upstream reaches of the Menomonee River.

Concentrations of organic nitrogen at sampling stations along the mainstems of the five major streams and rivers of the greater Milwaukee watersheds showed considerable variability with concentrations ranging from undetectable to over 16 mg/l as N. During the period of record the mean concentrations of organic nitrogen were 0.61 mg/l as N in the Kinnickinnic River, 0.72 mg/l as N in the Menomonee River, 0.90 mg/l as N in the Milwaukee River, 0.63 mg/l as N in Oak Creek, and 0.80 mg/l as N in the Root River. While at most sampling stations, statistically significant time-based trends were not detected in organic nitrogen concentrations, trends toward increasing concentrations were detected at several stations (Tables 33 and 34). No consistent seasonal pattern was found in organic nitrogen concentration. Organic nitrogen concentrations in the Milwaukee and Root Rivers tended to be high during summer. By contrast, organic nitrogen concentrations in Oak Creek tended to be high during early spring. There was no apparent seasonal pattern in organic nitrogen concentrations in the Kinnickinnic or Menomonee Rivers. Organic nitrogen concentrations at several stations show a positive correla​tion with temperature. In addition, they show positive correlations at several stations with concentrations of BOD, fecal coliform bacteria, and total phosphorus. These correlations may reflect the fact that these pollutants, to some extent, share common sources and modes of transport into the River. In addition, aerobic metabolism of many organic nitrogen compounds requires oxygen and thus these compounds contribute to BOD. The correlation with total phosphorus concentrations reflects the roles of phosphorus and nitrogen as nutrients for algal growth. During periods of high algal productivity, algae remove dissolved phosphorus and nitrogen compounds from the water and incorporate them into cellular material.

Several processes can influence the concentrations of nitrogen compounds in a waterbody. Primary production by plants and algae will result in ammonia and nitrate being removed from the water and incorporated into cellular material. This effectively converts the nitrogen to forms which are detected only as total nitrogen. Decomposition of organic material in sediment can release nitrogen compounds to the overlying water. Bacterial action may convert some nitrogen compounds into others.

Several things emerge from analysis of nitrogen chemistry in the major streams and rivers of the greater Milwaukee watersheds:
· The relative proportions of different nitrogen compounds in the Kinnickinnic, Menomonee, and Milwaukee Rivers and Oak Creek appear to be changing with time.

· Ammonia concentrations in all five major streams and rivers have decreased over time. This represents an improvement in water quality.

· Where trends exist in the Kinnickinnic and Menomonee Rivers and Oak Creek, the concentrations of organic nitrogen compounds seem to be increasing over time. Although for surface waters there are no standards for this constituent, the increases in concentration may be an indication of declining water quality.

· Where trends exist in the Milwaukee River and the upper reaches of the Kinnickinnic River, the concentrations of nitrate seem to be increasing over time. Although for surface waters there are no standards for this constituent, the increases in concentration may be an indication of declining water quality.

· Concentrations of total nitrogen have been increasing at several stations along the mainstem of the Milwaukee River. This represents a decrease in water quality.

· In the Kinnickinnic and Menomonee Rivers, there are distinct differences, with respect to forms of nitrogen, between the estuary and the sections upstream from the estuary. In particular, total nitrogen, nitrate, and ammonia tend to be found in higher concentrations in the estuary. This may be due, in part, to release of ammonia from sediment in the estuary.
Total and Dissolved Phosphorus

Two forms of phosphorus are commonly sampled in surface waters: dissolved phosphorus and total phosphorus. Dissolved phosphorus represents the form that can be taken up and used for growth by algae and aquatic plants. Total phosphorus represents all the phosphorus contained in material dissolved or suspended within the water, including phosphorus contained in detritus and organisms and attached to soil and sediment.

Concentrations of total phosphorus in the five major streams and rivers of the greater Milwaukee watersheds ranged from below the limit of detection to 3.00 mg/l. The mean concentrations of total phosphorus during the period of record were 0.095 mg/l in the Kinnickinnic River, 0.116 mg/l in the Menomonee River, 0.129 mg/l in the Milwaukee River, 0.085 mg/l in Oak Creek, and 0.123 mg/l in the Root River. Concentrations of dissolved phosphorus in the five major streams and rivers of the greater Milwaukee watersheds ranged from below the limit of detection to 3.00 mg/l. The mean concentrations of dissolved phosphorus during the period of record were 0.033 mg/l in the Kinnickinnic River, 0.044 mg/l in the Menomonee River, 0.050 mg/l in the Milwaukee River, 0.030 mg/l in Oak Creek, and 0.052 mg/l in the Root River. Figure 19 shows changes in total phosphorus concentrations over time since 1975 at several sampling stations along the mainstem of the Kinnickinnic River. At stations in downstream sections of the Kinnickinnic River, total phosphorus concentrations decreased after 1986 and rose again after 1997. This pattern also occurred at stations along the Menomonee River. At stations in upstream sections of the Kinnickinnic River, total phosphorus concentrations increased continually, with sharp increases at some stations after 1997. This pattern also occurred at stations along Oak Creek. A third pattern occurred at most estuary stations along the Milwaukee River. At these stations, concentrations of total phosphorus during the period 1987-1993 were lower than concentrations of total phosphorus during the period 1975-1986. This decrease was followed by increases in concentrations of total phosphorus in the subsequent periods. The pattern followed by concentrations of total phosphorus at stations in the section of the Milwaukee River upstream from the estuary was similar, except that the decrease occurred later, following the period 1987-1994. Total phosphorus concentrations at some stations along the Root River were lower during the period 1998-2004 than during the period 1994-1997. This may not accurately represent trends in this watershed because, at some stations, data prior to 1998 were collected only during summer months when total phosphorus concentrations tend to be higher than during the fall or early spring. Statistically significant time-based trends in the concentrations of dissolved phosphorus and total phosphorus were detected at several sampling stations (Table 33). Trends toward increasing concentrations of dissolved phosphorus were detected at several sites, but especially in upstream reaches of the Kinnickinnic River and downstream reaches of the Menomonee River and Oak Creek (Table 34). These trends represent a decrease in water quality. Trends toward decreasing concentrations of dissolved phosphorus were detected at several sites, but especially in upstream reaches of the Milwaukee River. Trends toward increasing concentrations of total phosphorus were detected at several sites, but especially in upstream reaches of the Kinnickinnic River and downstream reaches of Oak Creek. These trends represent a decrease in water quality. Trends toward decreasing concentrations of total phosphorus were detected at several sites, but especially along much of the Menomonee and Milwaukee Rivers and in downstream reaches of the Kinnickinnic River. Regardless of these long-term trends, increases in total phosphorus were observed at several sampling stations after 1997.

Figure 20 shows the annual mean total phosphorus concentration at sampling stations along the mainstems of the Kinnickinnic River and Oak Creek. Mean annual total phosphorus concentration in the Kinnickinnic River increased sharply after 1996. An increase also occurred in mean annual total phosphorus in the Menomonee River after 1996. While mean annual total phosphorus concentrations from the years 1996-2002 in the Milwaukee River were within the range of variation from previous years, they increased after 1996. This increase was not as sharp as the increases observed in the Kinnickinnic and Menomonee Rivers. For the most part, mean annual total phosphate concentrations in Oak Creek were within the range of variation from previous years. This was also observed for the Root River. One possible cause of the increases observed in the Kinnickinnic, Menomonee, and 

[image: image33.wmf]Milwaukee Rivers is phosphorus loads from facilities discharging noncontact cooling water drawn from municipal water utilities. Several water utilities in the greater Milwaukee watersheds treat their municipal water with orthophosphate or polyphosphate to inhibit release of copper and lead from pipes in the water system and private residences. The City of Milwau​kee, for example, began treating its municipal water with orthophosphate in 1996. In 2004, for instance, concentrations of orthophosphate in plant finished water from the Milwaukee Water Works ranged between 1.46 mg/l and 2.24 mg/l,
 considerably above average concentrations of total phosphorus observed in these streams. The lack of increase in mean annual total phosphorus in Oak Creek and the Root River may be due to the small number of facilities dis​charging noncontact cooling water and the numbers of utilities not treating their municipal water with phos​phate compounds in these watersheds.

Dissolved phosphorus concentrations at many stations were negatively correlated with concentrations of chlorophyll-a. Total phosphorus concentrations were positively correlated with temperature, chlorophyll-a concentrations, and concentrations of organic nitrogen and total nitrogen. These correlations reflect the roles of phosphorus and nitrogen as nutrients for algal growth. During periods of high algal productivity, algae remove dissolved phosphorus and nitrogen compounds from the water and incorporate them into cellular material. Because the rates of biological reactions are temperature dependent, these periods tend to occur when water temperatures are warmer. At many stations, concentrations of total phosphorus were also positively correlated with concentrations of BOD and fecal coliform bacteria. This correlation may reflect the fact that these pollutants, to some extent, share common sources and modes of transport into the River.

Metals

Arsenic

Concentrations of arsenic in samples collected from the mainstems of the five major streams and rivers of the greater Milwaukee watersheds show moderate variability, ranging from below the limit of detection to 14.0 micrograms per liter (µg/l). The mean concentrations of arsenic during the period of record were 1.93 µg/l in the Kinnickinnic River, 1.85 µg/l in the Menomonee River, 1.94 µg/l in the Milwaukee River, 1.56 µg/l in Oak Creek, and 1.57 µg/l in the Root River. At nearly all sampling stations in the Kinnickinnic River, Menomonee River, Milwaukee River, and Oak Creek watersheds for which sufficient data were available to assess time-based trends, statistically significant trends were detected toward decreasing concentrations of arsenic (Tables 33 and 34). There were not a sufficient number of samples in the Root River watershed to assess time-based trends in arsenic concentration. The declines in arsenic concentration may reflect changes in the number and types of industry present in the greater Milwaukee watersheds, such as the loss of tanneries which utilized arsenic in the processing of hides. In addition, sodium arsenate has not been used in herbicides since the 1960s. Arsenic concentrations in the greater Milwaukee watersheds show no evidence of seasonal variation. The reductions in arsenic concentrations in streams of the greater Milwaukee watersheds represent an improvement in water quality.

Figure 20

MEAN ANNUAL CONCENTRATION OF TOTAL PHOSPHORUS
IN THE KINNICKINNIC RIVER AND OAK CREEK: 1985-2001
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Error bars (I) represent one standard error of the mean.
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U.S. Geological Survey, Wisconsin Department of Natural Resources, Milwaukee Metropolitan Sewerage District, and SEWRPC.
Cadmium

Concentrations of cadmium in samples collected from the mainstems of the five major streams and rivers of the greater Milwaukee watersheds show moderate variability, ranging from below the limit of detection to 27.0 µg/l. The mean concentrations of cadmium during the period of record were 1.70 µg/l in the Kinnickinnic River, 1.70 µg/l in the Menomonee River, 1.53 µg/l in the Milwaukee River, 1.92 µg/l in Oak Creek, and 0.08 µg/l in the Root River. At nearly all sampling stations, statistically significant trends were detected toward decreasing concentrations of cadmium (Tables 33 and 34). These declines in cadmium concentration may reflect changes in the number and types of industry present in the greater Milwaukee watersheds, reductions due to treatment of industrial discharges, and reductions in atmospheric deposition of cadmium to the Great Lakes region. Cadmium concentrations in the greater Milwaukee watersheds show no evidence of seasonal variation. The reductions in cadmium concentrations in the streams of the greater Milwaukee watersheds represent an improvement in water quality.

Chromium

Concentrations of chromium in samples collected from the mainstems of the five major streams and rivers of the greater Milwaukee watersheds show considerable variability, ranging from below the limit of detection to 8,866 µg/l. The mean concentrations of chromium during the period of record were 9.8 µg/l in the Kinnickinnic River, 10.8 µg/l in the Menomonee River, 14.2 µg/l in the Milwaukee River, 7.7 µg/l in Oak Creek, and 10.1 µg/l in the Root River. Analysis of time-based trends suggests that chromium concentrations are declining within much, though not all, of the greater Milwaukee watersheds (Tables 33 and 34). The decline in chromium concentration in this area may reflect the loss of industry in some parts of the watersheds and the decreasing importance of the metal plating industry in particular, as well as the establishment of treatment of discharges instituted for the remaining and new industries since the late 1970s. There is no evidence of seasonal variation in chromium concentrations in the streams of the greater Milwaukee watersheds. The decline in chromium concentrations represents an improvement in water quality.

Copper

Concentrations of copper in samples collected from the mainstems of the five major streams and rivers of the greater Milwaukee watersheds ranged from below the limit of detection to 413 µg/l. The mean concentrations of copper during the period of record were 10.8 µg/l in the Kinnickinnic River, 11.0 µg/l in the Menomonee River, 9.0 µg/l in the Milwaukee River, 8.2 µg/l in Oak Creek, and 7.8 µg/l in the Root River. Moderate variability was associated with these means. Figure 21 shows that prior to 1987, the median concentrations of copper in the Kinnickinnic River increased over time at all stations. This increase in median copper concentrations continued through the period 1994-1997. During the period 1998-2001, the median concentration of copper declined at all sampling stations. In general, mean copper concentrations followed the pattern described for median concentrations. This pattern was observed in all of the watersheds except the Root River watershed where there were insufficient historical copper data to assess long-term trends. Despite the recent declines, most sampling stations show significant increasing trends in copper concentrations (Tables 33 and 34). Table 32 shows that there were no consistent longitudinal trends in copper concentration. In addition, there was no evidence of seasonal variation in copper concentrations. Wear and tear of brake pads and other metal components of vehicles is a major source of copper to the environment. Once deposited on impervious surfaces, stormwater runoff may carry this metal into surface waters. While copper compounds are also used in lake management for algae control, the Kinnickinnic River, Menomonee River, Root River, and Oak Creek watersheds contain no major lakes and few ponds. This makes it unlikely that algicides constitute a major source of copper in surface waters in these watersheds. Copper compounds were used for control of algae and swimmer’s itch in some lakes in the Milwaukee River watersheds; however, despite the presence of some outliers, the range of copper concentrations observed in this watershed does not greatly differ from the ranges observed in the other four watersheds. At some stations, copper concentrations showed moderately strong positive correlations with zinc concentrations. This reflects the fact that many of the same sources release these two metals to the environment. In addition, at some stations, copper concentrations showed negative correlations with pH, reflecting the fact that the solubility of copper increases with decreasing pH. The trend toward increasing copper concentration in streams of the greater Milwaukee watersheds represents a decline of water quality.
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The mean concentrations of lead over the period of record were 33.1 μg/l in the Kinnickinnic River, 33.6 μg/l in the Menomonee River, 26.5 μg/l in the Milwaukee River, 41.8 μg/l in Oak Creek, and 4.34 μg/l in the Root River. This last mean is lower than the others, because few data are available for lead concentrations in the Root River prior to 1999. These means are not representative of current condi​tions in the greater Milwaukee watersheds because lead concentrations in the water of the Rivers have been decreasing since the late 1980s. Figure 22 shows this decrease at sampling stations along the Milwau​kee River. At most sampling stations in the greater Milwaukee watersheds for which sufficient data exist to assess trends in lead concentrations, baseline period monthly mean lead concentrations are quite low when compared to historical means and ranges. These decreases represent statistically significant decreasing trends (Tables 33 and 34). During the period since 1998, the mean concentration of lead in samples collected from the major streams and rivers of the greater Milwaukee watersheds was 4.9 μg/l. A major factor causing the decline in lead concentrations has been the phasing out of lead as a gasoline additive. From 1983 to 1986, the amount of lead in gasoline in the United States was reduced from 1.26 grams per gallon (g/gal) to 0.1 g/gal. In addition, lead was com​pletely banned for use in fuel for on‑road vehicles in 1995. The major drop in lead concentrations in water in the Rivers followed this reduction in use. In fresh​water, lead has a strong tendency to adsorb to particu​lates suspended in water.
 As these particles are deposited, they carry the adsorbed lead into residence in the sediment. Because of this, the lower concentrations of lead in the water probably reflect the actions of three processes: reduction of lead entering the environment, washing out of lead into the estuary and Lake Michigan, and deposition of adsorbed lead in the sediment. Lead concentrations in the streams of the greater Milwaukee watersheds show no evidence of patterns of seasonal variation. The decrease in lead concentrations over time represents an improvement in water quality.

Mercury

Few historical data exist on the concentrations of mercury in the water of the major streams and Rivers of the greater Milwaukee watersheds. Most sampling for mercury in water in these streams occurred during and after 1995. In Oak Creek, most sampling occurred after 1999. Concentrations of mercury in samples collected from the mainstems of the five major streams and rivers of the greater Milwaukee watersheds ranged from below the limit of detection to 2.84 µg/l. The mean concentrations of mercury over the period of record were 0.060 μg/l in the Kinnickinnic River, 0.093 μg/l in the Menomonee River, 0.105 μg/l in the Milwaukee River, 0.079 μg/l in Oak Creek, and 0.103 μg/l in the Root River. Analysis of time-based trends showed statistically significant trends toward mercury concentrations decreasing at several sampling stations in every watershed except the Root River


Figure 22

LEAD CONCENTRATIONS AT SITES ALONG THE MAINSTEM OF THE MILWAUKEE RIVER: 1975-2004
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U.S. Geological Survey, U.S. Environmental Protection Agency, Wisconsin Department of Natural Resources, Milwaukee Metro​politan Sewerage District, and SEWRPC.

watershed (Tables 33 and 34). In the Root River watershed, a statistically significant trend toward increasing mercury concentration was detected at one sampling station. Mercury concentrations in the streams of the greater Milwaukee watersheds show no evidence of patterns of seasonal variation. The trends toward decreasing mercury concentrations at several sites represent improvements in water quality. The trend toward increasing mercury concentrations at one sampling station along the Root River represents a decrease in water quality.
Nickel

While there were outliers, concentrations of nickel in samples collected from the mainstems of most of the five major streams and rivers of the greater Milwaukee watersheds showed moderate variability, ranging from below the limit of detection to 3,811 µg/l. The mean concentrations of nickel during the period of record were 11.8 µg/l in the Kinnickinnic River, 11.2 µg/l in the Menomonee River, 13.5 µg/l in the Milwaukee River, 11.2 µg/l in Oak Creek, and 10.6 µg/l in the Root River. With one exception, no trends in nickel concentration were found along the lengths of the Rivers. There was a statistically significant trend toward nickel concentrations decreasing from upstream to downstream in the portion of the Milwaukee River upstream from the estuary. This trend accounted for a small portion of the variation in the data. Analysis of time-based trends suggests that nickel concentrations are declining within much, though not all, of the greater Milwaukee watersheds (Table 33). When examined on an annual basis, statistically significant trends toward nickel concentrations decreasing over time were detected at sampling stations in every watershed except the Oak Creek watershed (Table 34). When examined on a seasonal basis, significant trends toward decreasing nickel concentrations were detected during the spring and fall at stations along Oak Creek. Many, though not all, of the decreasing trends detected accounted for a small portion of the variation in the data. There is no evidence of seasonal variation in nickel concentrations in the streams of the greater Milwaukee watersheds. The decreases in nickel concentrations represent an improvement in water quality.

Zinc

Concentrations of zinc in samples collected from the mainstems of the five major streams and rivers of the greater Milwaukee watersheds show considerable variability, ranging from below the limit of detection to 660 µg/l. The mean concentrations of zinc during the period of record were 34.4 µg/l in the Kinnickinnic River, 24.4 µg/l in the Menomonee River, 18.2 µg/l in the Milwaukee River, 20.8 µg/l in Oak Creek, and 19.1 µg/l in the Root River. In the Menomonee and Milwaukee Rivers, zinc concentrations tended to be higher in the estuary than in the portions of the Rivers upstream from the estuary. The opposite pattern was seen in the Kinnickinnic River. Figure 23 shows that zinc concentrations at four sampling stations along the mainstem of the Menomonee River increased over time. Similar increases were observed at sampling stations along the Kinnickinnic and Milwaukee Rivers and Oak Creek. At many stations, these increases represent statistically significant increasing trends (Tables 33 and 34). There were insufficient historical data to assess time-based trends in zinc concentration along the Root River. The increases in zinc concentration may be caused by an increased amount of vehicle traffic in parts of the watersheds. Wear and tear on automobile brake pads and tires are major sources of zinc to the environment. In addition, zinc can be released to stormwater by corrosion of galvanized gutters and roofing materials. Stormwater can carry zinc from these sources into surface waters. There is no evidence of seasonal variation in zinc concentrations in the streams of the greater Milwaukee watersheds. The increases in zinc concentrations represent a decrease in water quality.
Organic Compounds

In February, March, and May 2004, the USGS sampled water from 14 sites in the greater Milwaukee watersheds for the presence of several organic compounds dissolved in water. The stations sampled included S. 11th Street along the mainstem of the Kinnickinnic River in the Kinnickinnic River watershed; N. 70th Street and Pilgrim Road along the mainstem of the Menomonee River and stations along Honey, Underwood, and Willow Creeks and the Little Menomonee River in the Menomonee River watershed; Pioneer Road, Estabrook Park, and Jones Island along the mainstem of the Milwaukee River and N. 47th Street along Lincoln Creek in the Milwaukee River watershed; 15th Avenue along the mainstem of Oak Creek in the Oak Creek watershed; and W. Grange Avenue and upstream of W. Ryan Road along the mainstem of the Root River in the Root River watershed. No samples were collected from streams in the Lake Michigan direct drainage area. Compounds detected include bromoform, a disinfectant byproduct; isophorone, a solvent; carbazole, a component of dyes, lubricants, and pesticides; triphenyl phosphate, a plasticizer; several flame retardant chemicals such as tri(2-chloroethyl) phosphate, tri(dichloroisopropyl) phosphate, tributyl phosphate, and triphenyl phosphate; and nonionic detergent metabolites such as p-nonylphenol and diethoxynonylphenol. These last two compounds are known to be endocrine disruptors.

In addition, Wilson Park Creek in the Kinnickinnic River watershed and the Mitchell Field Drainage Ditch in the Oak Creek watershed were sampled in 1999 and 2000 for the presence of chemical deicing compounds. Ethylene glycol was not detected in the samples collected from the Mitchell Field Drainage Ditch. At one site along Wilson Park Creek, propylene glycol was detected in slightly over half the samples with concentrations ranging from below the limit of detection to 4,150 mg/l and ethylene glycol was detected in about one third of the samples with concentrations ranging from below the limit of detection to 650 mg/l. Downstream from this site, at a sampling station near the confluence with the Kinnickinnic River, propylene glycol was detected in about one third of the samples with concentrations ranging from below the limit of detection to 250 mg/l.

Pharmaceuticals and Personal Care Products

During fall 2001, Lincoln Creek at N. 47th Street and the Milwaukee River at Estabrook Park, both sites in the Milwaukee River watershed, were sampled for the presence of caffeine in water. In addition, in February, March, and May 2004, the USGS sampled water from 14 sites in the greater Milwaukee watersheds for the presence of several compounds found in pharmaceuticals and personal care products. This sampling was conducted at the same stations sampled for organic compounds (see above). Compounds commonly detected in these samples included the stimulant caffeine, the nicotine metabolite cotinine, the insect repellant N,N-diethylmetatoluamide (DEET), and the fragrance and flavoring agents camphor and menthol. Compounds occasionally detected included the fragrances acetophenone, methyl salicylate, acetyl-hexamethyl-tetrahydro-naphthalene (AHTN), 


[image: image35.wmf]d‑limonene, and hexahydrohexamethylcyclopenta​benzopyran (HHCB); the perfume fixative benzo​phenone; and the cosmetic component triethyl citrate. The sources of these compounds to the watersheds are not known.
Water Quality of Lakes and Ponds

The greater Milwaukee watersheds contain 20 lakes with a surface area of 50 acres or more, as well as numerous other named lakes and ponds with surface areas of less than 50 acres. The 20 major lakes are all in the Milwaukee River watershed; there are no lakes with a surface area of 50 acres or more in the Kinnickinnic River, Menomonee River, Oak Creek, or Root River watersheds or in the Lake Michigan direct drainage area. The major lakes in the Milwaukee River watershed are Auburn Lake, Barton Pond, Big Cedar Lake, Crooked Lake, Forest Lake, Green Lake, Kettle Moraine Lake, Lac du Cours, Lake Ellen, Little Cedar Lake, Long Lake (Fond du Lac County), Lucas Lake, Mauthe Lake, Mud Lake (Fond du Lac County), Mud Lake (Ozaukee County), Random Lake, Silver Lake, Smith Lake, Spring Lake, Twelve Lake, and Wallace Lake. The physical characteristics of the lakes and ponds in the greater Milwaukee watersheds are given in Table 35.
Ratings of Trophic Condition

Lakes and ponds are commonly classified according to their degree of nutrient enrichment—or trophic status. The ability of lakes and ponds to support a variety of recreational activities and healthy fish and other aquatic life communities is often correlated with their degrees of nutrient enrichment. Three terms are generally used to describe the trophic status of a lake or pond: oligotrophic, mesotrophic, and eutrophic.

Oligotrophic lakes are nutrient-poor lakes and ponds. These lakes characteristically support relatively few aquatic plants and often do not contain very productive fisheries. Oligotrophic lakes and ponds may provide excellent opportunities for swimming, boating, and waterskiing. Because of the naturally fertile soils and the intensive land use activities, there are relatively few oligotrophic lakes in southeastern Wisconsin.

Mesotrophic lakes and ponds are moderately fertile lakes and ponds which may support abundant aquatic plant growths and productive fisheries. However, nuisance growths of algae and macrophytes are usually not exhibited by mesotrophic lakes and ponds. These lakes and ponds may provide opportunities for all types of recreational activities, including boating, swimming, fishing, and waterskiing. Many lakes and ponds in southeastern Wisconsin are mesotrophic.

Eutrophic lakes and ponds are nutrient-rich lakes and ponds. These lakes and ponds often exhibit excessive aquatic macrophyte growths and/or experience frequent algae blooms. If they are shallow, fish winterkills may be common. While portions of such lakes and ponds are not ideal for swimming and boating, eutrophic lakes and ponds may support very productive fisheries.

Table 35
LAKES AND PONDS OF THE GREATER MILWAUKEE RIVER WATERSHEDS
	Name
	Area
(acres)
	Maximum
Depth (feet)
	Mean
Depth (feet)
	Lake Type
	Public Access

	Kinnickinnic River
	
	
	
	
	

	Holler Park Pond

	1
	5
	- -
	Drainage lake
	  - -a

	Humboldt Park Pond

	4
	3
	  2
	Drainage lake
	  - -a

	Jackson Park Pond

	8
	8
	  5
	Drainage lake
	  - -a

	Kosciuszko Park Pond

	3
	4
	  3
	Seepage lake
	  - -a

	Saveland Park Pond

	1
	6
	- -
	Drainage lake
	  - -a

	Wilson Park Pond

	9
	5
	  3
	Drainage lake
	  - -a

	Menomonee River
	
	
	
	
	

	County Hospital Ponds

	- -
	- -
	- -
	- -
	- -

	Dretzka Park Ponds

	- -
	- -
	- -
	- -
	- -

	Edward Linder Pond

	- -
	- -
	- -
	- -
	- -

	Greenfield Park Pond

	7
	6
	  4
	Seepage lake
	- -a

	Jacobus Park Pond

	1
	5
	- -
	Drainage lake
	- -a

	Lake Park East Pond

	- -
	- -
	- -
	- -
	- -

	Lake Park West Pond

	- -
	- -
	- -
	- -
	- -

	McCarty Pond

	4
	9
	- -
	Drainage lake
	- -a

	Menomonee Falls Mill Pond

	- -
	- -
	- -
	- -
	- -

	Menomonee Parkway Pond

	2
	4
	- -
	Drainage lake
	- -a

	Mitchell Park Pond

	- -
	- -
	- -
	- -
	- -

	Milwaukee County Zoo Pond

	5
	11
	- -
	Seepage lake
	- -a

	North Hills Club Ponds

	- -
	- -
	- -
	- -
	- -

	Noyes Park Pond

	1
	1
	- -
	Drainage lake
	- -a

	Rockfield Quarry Pond

	3
	27
	- -
	Seepage lake
	- -

	Schroedel Pond

	5
	8
	- -
	Seepage lake
	- -

	Washington Park Pond

	11
	5
	  3
	Drainage lake
	- -a

	Willow Creek Pond

	- -
	- -
	- -
	- -
	- -

	Wood Hospital Pond

	1
	4
	- -
	Drainage lake
	- -a

	Milwaukee River
	
	
	
	
	

	Allis Lake

	9
	34
	- -
	Seepage lake
	- -

	Auburn Lake (Lake Fifteen)

	107
	29
	14
	Drainage lake
	Walk in trail

	Barton Pond

	67
	5
	  3
	Drainage lake
	Walk in trail

	Batavia Pond

	1
	5
	- -
	Drainage lake
	- -

	Beechwood Lake

	11
	20
	- -
	Seepage lake
	Boat ramp

	Big Cedar Lake

	932
	105
	34
	Spring lake
	Barrier free boat ramp

	Birchwood Lake

	31
	- -
	- -
	- -
	- -

	Boltonville Pond

	10
	10
	  5
	- -
	- -

	Brickyard Lake

	1
	4
	- -
	Seepage lake
	- -

	Brown Deer Park Pond

	6
	6
	  4
	Drainage lake
	  - -a

	Butler Lake

	7
	13
	- -
	Drainage lake
	Boat Ramp

	Buttermilk Lake

	13
	6
	  2
	Seepage lake
	Roadside

	Butzke Lake

	16
	8
	  4
	Drainage lake
	Walk in trail

	Cambellsport Millpond

	22
	10
	  4
	Drainage lake
	Walk in trail

	Cascade Millpond

	7
	3
	- -
	Drainage lake
	Walk in trail

	Cedar Lake (Fond du Lac County)

	19
	19
	  9
	Seepage lake
	Walk in trail

	Cedar Lake (Sheboygan County)

	10
	10
	  6
	Seepage lake
	Wilderness in public ownership

	Cedarburg Pond

	14
	9
	- -
	Drainage lake
	- -

	Cedarburg Stone Quarry

	6
	10
	- -
	Seepage lake
	- -

	Chair Factory Millpond

	6
	7
	- -
	Drainage lake
	- -

	Columbia Pond

	- -
	- -
	- -
	- -
	- -

	Crooked Lake

	91
	32
	12
	Seepage lake
	Barrier free boat ramp

	Daly Lake

	13
	8
	- -
	Seepage lake
	- -

	Dickman Lake

	9
	12
	  7
	Seepage lake
	- -

	Dineen Park Pond

	2
	5
	- -
	Drainage lake
	  - -a

	Donut Lake

	4
	3
	- -
	Drainage lake
	- -

	Drzewiceki Lake

	2
	17
	- -
	Spring lake
	- -

	Ehne Lake

	18
	15
	  5
	Spring lake
	- -

	Erler Lake

	37
	34
	14
	Spring lake
	- -

	Estabrook Park Lagoon

	1
	6
	- -
	Drainage lake
	  - -a

	Forest Lake

	51
	32
	11
	Seepage lake
	Walk in trail

	Fromm Pit

	4
	28
	- -
	Spring lake
	Navigable water

	Gilbert Lake

	44
	30
	  3
	Spring lake
	Navigable water

	Gooseville Millpond

	38
	7
	- -
	Drainage lake
	- -

	Gough Lake

	5
	29
	- -
	Seepage lake
	- -

	Grafton Millpond

	25
	8
	- -
	Drainage lake
	Boat ramp

	Green Lake

	71
	37
	17
	Seepage lake
	Boat ramp


Table 35 (continued)
	Name
	Area
(acres)
	Maximum
Depth (feet)
	Mean
Depth (feet)
	Lake Type
	Public Access

	Milwaukee River (continued)
	
	
	
	
	

	Haack Lake

	16
	18
	  7
	Drainage lake
	- -

	Hamilton Pondb

	6
	18
	- -
	Seepage lake
	- -

	Hanneman Lake

	6
	18
	- -
	Seepage lake
	- -

	Hansen Lake

	6
	9
	- -
	Seepage lake
	- -

	Hasmer Lake

	15
	34
	17
	Drainage lake
	Walk in trail

	Hawthorn Lake

	8
	12
	- -
	Seepage lake
	- -

	Hawthorn Hills Pond

	- -
	- -
	- -
	- -
	- -

	Horn Lake

	12
	30
	- -
	Seepage lake
	- -

	Hurias Lake

	26
	7
	- -
	Seepage lake
	- -

	Juneau Park Lagoon

	15
	6
	  4
	Drainage lake
	  - -a

	Kelling Lakes #1

	1
	7
	- -
	Seepage lake
	Wilderness in public ownership

	Kelling Lakes #2

	1
	7
	- -
	Seepage lake
	Wilderness in public ownership

	Kelling Lakes #3

	3
	7
	- -
	Seepage lake
	Wilderness in public ownership

	Keowns Pond

	1
	15
	- -
	Drainage lake
	- -

	Kettle Moraine Lake

	227
	30
	  6
	Seepage lake
	Roadside

	Kewaskum Millpond

	5
	8
	- -
	Drainage lake
	Walk in trail

	Lake Bernice

	35
	11
	  5
	Drainage lake
	Roadside

	Lake Ellen

	121
	42
	16
	Drainage lake
	Barrier free boat ramp

	Lake Lenwood

	15
	38
	19
	Spring lake
	- -

	Lake Seven

	27
	25
	12
	Seepage lake
	Barrier free boat ramp

	Lake Sixteen

	8
	13
	- -
	Seepage lake
	- -

	Lake Twelve

	53
	20
	  6
	Spring lake
	- -

	Lehner Lake

	3
	22
	15
	Spring lake
	- -

	Lent Lake

	8
	7
	- -
	Drainage lake
	Navigable water

	Lime Kiln Millpond

	4
	7
	- -
	Drainage lake
	Walk in trail

	Lincoln Park Lagoon

	- -
	- -
	- -
	- -
	- -

	Lindon Pond

	2
	15
	- -
	Spring lake
	- -

	Little Cedar Lake

	246
	56
	13
	Drainage lake
	Navigable water, boat launch

	Little Drickens Lake

	9
	20
	- -
	Seepage lake
	- -

	Little Mud Lake

	18
	5
	- -
	Seepage lake
	- -

	Long Lake (Ozaukee County)

	34
	5
	- -
	Seepage lake
	- -

	Long Lake (Fond du Lac County)

	417
	47
	22
	Drainage lake
	Boat ramp, barrier free pier

	Lucas Lake

	78
	15
	  6
	Drainage lake
	- -

	Mallard Hole Lake

	2
	6
	- -
	Seepage lake
	Walk in trail

	Mauthe Lake

	78
	23
	12
	Drainage lake
	Boat ramp, barrier free pier

	McGovern Park Pond

	5
	5
	  3
	Drainage lake
	  - -a

	Mee-Quon Park Pond

	- -
	- -
	- -
	- -
	- -

	Miller Lake

	3
	16
	- -
	Seepage lake
	- -

	Moldenhaur Lake

	3
	32
	- -
	Seepage lake
	Walk in trail

	Mud Lake (Ozaukee County)

	245
	4
	  3
	Seepage lake
	Wilderness in public ownership

	Mud Lake (Fond du Lac County)

	55
	17
	  8
	Drainage lake
	- -

	New Fane Millpond

	5
	5
	  3
	Drainage lake
	Navigable water

	Newburg Pond

	7
	8
	- -
	Drainage lake
	Walk in trail

	Paradise Valley Lake

	9
	35
	- -
	Drainage lake
	- -

	Pit Lake

	35
	14
	- -
	Seepage lake
	- -

	Proschinger Lake

	6
	23
	- -
	Seepage lake
	- -

	Quaas Lake

	7
	12
	- -
	Spring lake
	- -

	Radke Lake

	10
	14
	  7
	Seepage lake
	- -

	Random Lake

	209
	21
	  6
	Drainage lake
	Boat ramp

	Roeckl Lake

	3
	12
	- -
	Seepage lake
	- -

	Ruck Pond

	- -
	- -
	- -
	- -
	- -

	Schwietzer Pond 

	8
	4
	- -
	Drainage lake
	- -

	Senn Lake

	16
	8
	  6
	Drainage lake
	- -

	Silver Lake

	118
	47
	20
	Drainage lake
	Boat launch (County)

	Smith Lake

	86
	5
	  3
	Seepage lake
	Boat ramp

	Spring Lake (Fond du Lac County)

	10
	2
	  2
	Seepage lake
	- -

	Spring Lake (Ozaukee County)

	57
	22
	  7
	Seepage lake
	- -

	Spruce Lake

	34
	4
	  3
	Seepage lake
	Walk in trail

	Thiensville Millpond

	45
	8
	- -
	Drainage lake
	Boat ramp

	Tily Lake

	13
	48
	24
	Spring lake
	- -

	Tittle Lake

	17
	26
	- -
	Drainage lake
	Navigable water

	Uihlein Pond

	1
	8
	- -
	Drainage lake
	- -

	Unnamed Lake (T11 R21E, Section 17)

	12
	5
	- -
	- -
	- -

	Wallace Lake

	52
	35
	11
	Spring lake
	Boat ramp

	Washington Park Pond

	11
	5
	  3
	Drainage lake
	  - -a

	Wire and Nail Pond

	- -
	- -
	- -
	- -
	- -

	Zeunert Pond

	- -
	- -
	- -
	- -
	- -

	Oak Creek
	
	
	
	
	

	Oak Creek Parkway Pond

	5
	8
	  5
	Drainage lake
	  - -a


Table 35 (continued)
	Name
	Area
(acres)
	Maximum
Depth (feet)
	Mean
Depth (feet)
	Lake Type
	Public Access

	Root River
	
	
	
	
	

	Boerner Botanical Garden Pond No. 1

	2
	3
	- -
	Drainage lake
	  - -a

	Boerner Botanical Garden Pond No. 2

	1
	4
	- -
	Drainage lake
	  - -a

	Boerner Botanical Garden Pond No. 3

	8
	5
	- -
	Drainage lake
	  - -a

	Dumkes Lake

	7
	11
	- -
	Seepage lake
	- -

	Franklin High School Pond

	2
	- -
	- -
	- -
	- -

	Koepmier Lake

	8
	35
	- -
	Seepage lake
	- -

	Lake Brittany

	- -
	- -
	- -
	Seepage lake
	- -

	Lower Kelly Lake

	3
	36
	- -
	Seepage lake
	Walk in trail

	Monastery Lake

	12
	30
	- -
	Seepage lake
	- -

	Mud Lake

	5
	21
	- -
	Seepage lake
	  - -a

	North Golf Course Pond No. 1

	1
	4
	- -
	Drainage lake
	  - -a

	North Golf Course Pond No. 2

	1
	4
	- -
	Drainage lake
	  - -a

	North Golf Course Pond No. 3

	3
	8
	- -
	Drainage lake
	  - -a

	Quarry Lake

	20
	64
	- -
	Seepage lake
	Boat ramp

	Root River Parkway Pond

	8
	17
	- -
	Seepage lake
	  - -a

	Scout Lake

	8
	19
	  6
	Seepage lake
	  - -a

	Shoetz Park Pond

	2
	- -
	- -
	- -
	- -

	Upper Kelly Lake

	12
	31
	- -
	Spring lake
	Boat ramp

	Whitnall Park Pond

	15
	4
	  6
	Drainage lake
	  - -a

	Lake Michigan Direct Drainage Area
	
	
	
	
	

	Juneau Park Pond

	15
	6
	  4
	Drainage lake
	- -a

	Sheridan Park Pond

	1
	8
	  4
	Seepage lake
	- -a


aPrivate boats of any kind are not allowed on ponds in Milwaukee County Parks. Where available, commercial facilities provide boat liveries operated by the park.

bThe dam at Hamilton Pond failed in 1996.

Source: Wisconsin Department of Natural Resources and SEWRPC.

The Trophic State Index (TSI) assigns a numerical trophic condition rating based on Secchi-disc transparency, and total phosphorus and chlorophyll-a concentrations. The original Trophic State Index, developed by Carlson,
 has been modified for Wisconsin lakes by the Wisconsin Department of Natural Resources using data on 184 lakes throughout the State.
 The Wisconsin Trophic State Index (WTSI) ratings for Ellen, Forest, Green, and Wallace Lakes in the Milwaukee River watershed are shown in Figure 24 as a function of sampling date. Figure 25 shows the WTSI ratings for Big Cedar, Little Cedar, Long (Fond du Lac County), and Random Lakes in the Milwaukee River watershed as a function of sampling date.
Based on the Wisconsin Trophic State Index ratings shown, the eight lakes in the Milwaukee River watershed for which data were available may be classified as meso-eutrophic, although the Wisconsin Trophic State Index values ranged from oligotrophic to eutrophic during the periods of record. The data shown in Figures 24 and 25 suggest that the eight lakes behaved in a similar manner during the study period, although, for some of the lakes, the data are not sufficient to assess whether the trophic status of these lakes have changed over the study period. Nevertheless, viewed in their totality, it could be suggested that the eight lakes all behaved in a similar manner. Data on water clarity form the most complete data sets for all eight lakes, with Green, Big Cedar, Long, and Random Lakes having data sets that encompassed all or most of the study period.

Figure 24

WISCONSIN TROPHIC STATE INDEX (WTSI) OF LAKES UNDER
200 ACRES IN THE MILWAUKEE RIVER WATERSHED: 1985-2004
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NOTE:
See Figure 11 for description of symbols.

Source:
Wisconsin Department of Natural Resources and SEWRPC.

Figure 25

WISCONSIN TROPHIC STATE INDEX (WTSI) OF LAKES OVER
200 ACRES IN THE MILWAUKEE RIVER WATERSHED: 1985-2004
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NOTE:
See Figure 11 for description of symbols.

Source:
Wisconsin Department of Natural Resources and SEWRPC.

These data suggest an approximately decadal periodicity, with high WTSI values occurring during the mid-1980s, declining to lower values during the early 1990s, and returning to slightly high values toward the middle of the decade. This period repeated, with lower values being observed during the late 1990s. The significant degree of overlap between years, as shown in Figures 24 and 25, would suggest that these differences are more of degree than of statistical significance. These same distribution patterns are reflected in the chlorophyll-a and total phosphorus concentration data, to the extent that they are available. Also, the pattern of periodicity is consistent among both larger and smaller lakes, those with a surface area of less than 200 acres and those with a surface area of greater than 200 acres. Green, Long (Fond du Lac County), and Big Cedar Lakes have the most complete records among the eight lakes for which data are presented.

Based on the Wisconsin Trophic State Index ratings shown, Ellen Lake may be classified as meso-eutrophic. The annual median WTSI ratings based on Secchi depth have ranged over the study period from about 45 to about 55, or from mesotrophic to slightly eutrophic as would be consistent with a meso-eutrophic status. Available chlorophyll-a data and total phosphorus data are largely within the mesotrophic range. Median WTSI values based upon chlorophyll-a concentrations range from about 46 to 49 in the mid-1980s to about 47 in 1997, while the median WTSI values based upon total phosphorus concentrations range from about 41 to 47 during the mid- 1980s to about 48 in 1997. The overlap of these annual ranges suggests that any trends in WTSI ratings for this lake probably are the result of interannual variability.

Based on the Wisconsin Trophic State Index ratings shown, Forest Lake may be classified as oligo-mesotrophic. The annual median WTSI ratings based on Secchi depth have ranged over the study period from about 37 to about 45, or from oligotrophic to moderately mesotrophic. Available chlorophyll-a data and total phosphorus data suggest that these values are largely within the mesotrophic range. Median WTSI values based upon chlorophyll‑a concentrations range from about 46 in the mid-1980s to about 39 to 43 in 1995 and 1996. The median WTSI values based upon total phosphorus concentrations range from about 41 to 45 during the mid-1980s to about 45 and 46 in 1995 and 1996. The overlap of these annual ranges suggests that any trends in WTSI ratings for this lake probably are the result of interannual variability.

Based on the Wisconsin Trophic State Index ratings shown, Green Lake may be classified as mesotrophic. The annual median WTSI ratings based on Secchi depth have ranged over the study period from about 42 to about 51, or from mesotrophic to slightly eutrophic as would be consistent with a mesotrophic status. Available chlorophyll-a data and total phosphorus data suggest that these values are largely within the mesotrophic range. Median WTSI values based upon chlorophyll-a concentrations range from about 40 in 2002 to about 50 in 1990, while the median WTSI values based upon total phosphorus concentrations range from about 43 during the mid- 1980s to about 60 in 1990, although the majority of the total phosphorus-based WTSI values were at or below a value of 50.
 The overlap of these annual ranges suggests that any trends in WTSI ratings for this lake probably are the result of interannual variability.

Based on the Wisconsin Trophic State Index ratings shown, Wallace Lake may be classified as meso-eutrophic. The annual median WTSI ratings based on Secchi depth have ranged over the study period from about 44 in 1992 and 1993 to about 55 to 57 during 1997 and 2001, or from mesotrophic to moderately eutrophic. Available chlorophyll-a data and total phosphorus data suggest that these values are largely within the mesotrophic range. Median WTSI values based upon chlorophyll-a concentrations range from about 51 in the mid-1980s to about 46 in the early 1990s to about 49 in 1997. The median WTSI values based upon total phosphorus concentrations range from about 43 during 1991 to about 48 to 49 in 1985, 1997, and 2001. The overlap of these annual ranges suggests that any trends in WTSI ratings for this lake probably are the result of interannual variability.

Based on the Wisconsin Trophic State Index ratings shown, Big Cedar Lake may be classified as mesotrophic.
 The annual median WTSI ratings based on Secchi depth have ranged over the study period from about 38 to about 51, or from slightly oligotrophic to slightly eutrophic as would be consistent with a mesotrophic status. Available chlorophyll-a data and total phosphorus data suggest that these values are largely within the mesotrophic range. Median WTSI values based upon chlorophyll-a concentrations range from about 36 in the mid-1990s to about 53 in 1991, while the median WTSI values based upon total phosphorus concentrations range from about 40 during the mid-1990s to about 60 in 1991. The overlap of these annual ranges suggests that any trends in WTSI ratings for this lake probably are the result of interannual variability.

Based on the Wisconsin Trophic State Index ratings shown, Little Cedar Lake may be classified as meso-eutrophic.
 The annual median WTSI ratings based on Secchi depth have ranged over the study period from about 33 to about 52, or from oligotrophic to slightly eutrophic. Available chlorophyll-a data and total phosphorus data suggest that these values are largely within the mesotrophic range. Median WTSI values based upon chlorophyll-a concentrations range from about 40 in 1997 and 1998 to about 51 in 2003. The median WTSI values based upon total phosphorus concentrations range from about 40 during 1997 to about 54 and 55 in 2003 and 2004. The annual ranges set forth in Figure 25 suggest that any trends in WTSI ratings for this lake probably are the result of interannual variability, at least through the end of the 1990s, with consistently higher values being reported during the 2000s, which may be suggestive of a trend toward increasing trophic state during these more recent years.

Based on the Wisconsin Trophic State Index ratings shown, Long Lake (Fond du Lac County) may be classified as mesotrophic. The annual median WTSI ratings based on Secchi depth have ranged over the study period from about 41 to about 48, consistent with a mesotrophic status. Available chlorophyll-a data and total phosphorus data suggest that these values are largely within the mesotrophic range. Median WTSI values based upon chlorophyll-a concentrations range from about 42 in the late-1990s to about 50 in the early 1990s, while the median WTSI values based upon total phosphorus concentrations range from about 44 during the mid-1990s to about 52 during the late-1990s. The overlap of these annual ranges suggests that any trends in WTSI ratings for this lake probably are the result of interannual variability.

Based on the Wisconsin Trophic State Index ratings shown, Random Lake may be classified as eutrophic. The annual median WTSI ratings based on Secchi depth have ranged over the study period from about 48 to about 65, or from meso-eutrophic to highly eutrophic. Available chlorophyll-a data and total phosphorus data suggest that these values are largely within the meso-eutrophic range. Median WTSI values based upon chlorophyll-a concentrations range from about 46 in 2002 to about 50 in 2004. The median WTSI values based upon total phosphorus concentrations range from about 47 during 2002 to between about 53 and 55 in 1985, 1997, 2001 and 2004. The overlap of these annual ranges suggests that any trends in WTSI ratings for this lake probably are the result of interannual variability.

Figure 26 shows the WTSI ratings for Lower Kelly, Scout, and Upper Kelly Lakes in the Root River watershed as a function of sampling date.

Based on the Wisconsin Trophic State Index ratings shown, Lower Kelly Lake may be classified as meso-eutrophic. The data shown in Figure 26 for this lake are not sufficient to assess whether the trophic status of this lake has changed over the study period.

Figure 26

WISCONSIN TROPHIC STATE INDEX (WTSI) OF LAKES IN THE ROOT RIVER WATERSHED: 1993-2005
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Wisconsin Department of Natural Resources and SEWRPC.
Based on the Wisconsin Trophic State Index ratings shown, Upper Kelly Lake may be classified as eutrophic. While the annual median WTSI rating based on Secchi depth has changed over the study period, the overlap of annual ranges suggests that any trends in WTSI ratings for this lake probably are the result of interannual variability.

Based on the Wisconsin Trophic State Index ratings shown, Scout Lake may be classified as eutrophic. While WTSI ratings for this lake have generally decreased since 1999, the overlap of annual ranges, the increases in the ratings based upon Secchi depth and chlorophyll-a since 2002, and the similarity of the pattern of change in the ratings based upon Secchi depth to the pattern of change of ratings for Upper Kelly Lake suggest that the changes in WTSI ratings for this lake probably are the result of interannual variability.

Bacterial Parameters

No data on concentrations of fecal coliform bacteria were available for lakes within the Milwaukee River watershed. Some limited data on concentrations of E. coli were available for four lakes. During the period 1998-2004, the concentrations of E. coli in 22 samples from Big Cedar Lake ranged between 37 cells per 100 ml and 62 cells per 100 ml, with a mean of 48.7 cells per 100 ml. During the period 1998-2004, the concentrations of E. coli in 29 samples from Green Lake ranged between 35 cells per 100 ml and 66 cells per 100 ml, with a mean of 44.8 cells per 100 ml. During 2004, the concentrations of E. coli in 4 samples from Little Cedar Lake ranged between 51 cells per 100 ml and 61 cells per 100 ml, with a mean of 52.8 cells per 100 ml. During the period 2002-2004, the concentrations of E. coli in 13 samples from Random Lake ranged between 40 cells per 100 ml and 55 cells per 100 ml, with a mean of 49.2 cells per 100 ml. The USEPA requires that beaches be posted with warning signs informing the public of increased health risks when the concentration of E. coli exceeds 235 cells per 100 ml. All of the samples collected from these four lakes during the baseline period are below this threshold.

In Quarry Lake in the Root River watershed, concentrations of fecal coliform bacteria during the years 1994-1998 range from undetectable to about 80 cells per 100 ml. Concentration of E. coli in this lake during the years 1999-2001 ranged from undetectable to about 90 cells per 100 ml. While bacterial concentrations showed much interannual variation, they tended to be highest during July and August. For most dates, the concentrations of bacteria in Quarry Lake were below the thresholds used for issuing advisories to swimmers.

Chemical and Physical Parameters

Data on water chemistry were available for twelve lakes in the Milwaukee River watershed: Auburn, Big Cedar, Ellen, Forest, Green, Kettle Moraine, Little Cedar, Long (Fond du Lac County), Mud (Fond du Lac County), Random, Silver, and Wallace Lakes, and three lakes from the Root River watershed: Lower Kelly, Scout, and Upper Kelly Lakes.

The temperature data indicate that the majority of lakes for which data are available thermally stratify during the summer months, with hypolimnetic water temperatures being about 5°C to 15°C below surface water temperatures on average. Lakes with a maximum depth of less than 35 feet typically have a lesser thermal gradient than the deeper lakes. During thermal stratification, a layer of relatively warm water floats on top of a layer of cooler water. Thermal stratification is a result of the differential heating of the lake water, and the resulting water temperature-density relationships at various depths within the lake water column. Water is unique among liquids because it reaches its maximum density, or mass per unit of volume, at about 4°C. During stratification, the top layer, or epilimnion, of the waterbody is cut off from nutrient inputs from the sediment. At the same time, the bottom layer, or hypolimnion, is cut off from the atmosphere and sunlight penetration. Over the course of the summer, water chemistry conditions can become different between the layers of a stratified waterbody. In southeastern Wisconsin, the development of summer thermal stratification begins in late spring or early summer when surface waters begin to warm, reaches its maximum in late summer, and disappears in the fall when surface waters cool.

Average surface water temperatures ranged between about 20°C and 30°C, with the warmer surface water temperatures being reported from the lakes with a maximum depth of less than 30 feet. These lakes include Auburn, Kettle Moraine, Mud (Fond du Lac County), Random, and Scout Lakes. The deeper water lakes, with maximum depths greater than 45 feet, tended to have slightly cooler surface water temperatures during the period of record, ranging between 20°C and 25°C, during most years. These lakes include Big Cedar, Little Cedar, Long (Fond du Lac County), and Silver Lakes. Likewise, average hypolimnetic water temperatures typically ranged between 10°C and 20°C in the shallower lakes with maximum depths of less than 30 feet, and between 5°C and 15°C in the deeper water lakes. These temperature differences were sufficient to set up stable stratification within these lakes during most years.

During the summer, dissolved oxygen concentrations in the hypolimnia of the lakes tend to be substantially lower than dissolved oxygen concentrations at the surface. In the deeper lakes, with maximum depths of greater than 45 feet, the hypolimnia become anoxic during most summers. This was also seen in Scout Lake. This is consistent with the characterization of these lakes as meso-eutrophic or eutrophic waterbodies. The lower oxygen concentration in the hypolimnion results from depletion of available oxygen through chemical oxidation and microbial degradation of organic material in water and sediment.

Limited data on other water chemistry parameters were available for several of the lakes in the greater Milwaukee watersheds. Data for chloride are summarized in Figure 27. As has been noted for other lakes in southeastern Wisconsin, most lakes for which data were available in the greater Milwaukee watersheds show an increasing trend in chloride concentrations. This trend is most discernable in those lakes with longer term data sets. These trends suggest that most lakes within the watersheds have increased chloride levels over the period of record. During the 1970s, Lillie and Mason reported chloride concentrations of between 5.0 and 10 mg/l in Milwaukee River watershed lakes.
 Since that time, concentrations in most lakes for which data are available have increased to between 20 and 50 mg/l. Sources of these chlorides include road salts applied to area roadways during the winter months, and water softener salts utilized in home water softeners year round. The relative proportions of these sources vary with proximity to major human settlements and road systems; however, geological sources of chloride in southeastern Wisconsin are few, leading to the conclusion that the rapid increase in chloride concentrations is of anthropogenic origin. Threshold concentrations for chloride, above which instream and in‑lake biological impacts may be expected to be observed, are on the order of about 250 mg/l.
 Consequently, while the lakes of the greater Milwaukee watersheds are well below this threshold, salinization of these lakes may be considered as an emerging issue of concern.

Water Quality of the Milwaukee Harbor Estuary and the Adjacent Nearshore Lake Michigan Areas

The earliest systematic collection of water quality data in the Milwaukee Harbor estuary occurred in the 1960s.
 Data collection after that was sporadic until the 1970s. Since then, considerable data have been collected, both from stations along the mainstems of the Rivers making up the estuary and from stations within and adjacent to the outer harbor. The major sources of data include MMSD, the WDNR, the USGS, the University of Wisconsin-Milwaukee, and the USEPA’s STORET legacy and modern databases. Much of these data were obtained from sampling stations along the mainstems of the Kinnickinnic, Menomonee, and Milwaukee Rivers. In addition, considerable data were obtained from survey stations in and adjacent to the outer harbor (Map 27).
Prior to the late 1970s, water quality data were sporadically collected from the nearshore area of Lake Michigan. Since then, considerable data have been collected. The major sources of data include MMSD, the WDNR, the University of Wisconsin-Milwaukee, and the City of Milwaukee Water Works.

The time periods examined for analytic purposes and graphical comparisons of baseline period water quality conditions to historical water quality conditions used for the Milwaukee Harbor estuary and the adjacent 

Figure 27

CHLORIDE CONCENTRATIONS IN LAKES IN THE MILWAUKEE RIVER WATERSHED: 1973-2004
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nearshore Lake Michigan areas were similar to those described previously in this chapter for the streams of the greater Milwaukee watersheds. Based on the availability of data, the period 1998-2004 defines the baseline water quality conditions in the outer harbor and the nearshore Lake Michigan areas.
Water quality parameters from the outer harbor and nearshore Lake Michigan areas were examined for the presence of two different types of trends: changes over time and seasonal changes throughout the year. Changes over time were assessed both on an annual and a seasonal basis. Map 27 and Table 36 show the sampling stations in and adjacent to the outer harbor which had sufficiently long periods of record to be used for these analyses. These sampling stations were aligned along four transects running through and adjacent to the outer harbor. West-east transect number 1 passes eastward through the outer harbor from the mouth of the Milwaukee River, through the main gap in the breakwall, to a sampling station outside the breakwall. North-south transect number 1 runs from north to south through the center of the outer harbor. North-south transect number 2 runs along the outside of the breakwall. Three sampling stations in this transect, OH-05, OH-07, and OH-09, are located at gaps in the breakwall. Two other stations, OH-06 and OH-08, are located along the breakwall itself. North-south transect number 3 consists of three stations that are located roughly one mile east of the breakwall. Map 27 and Table 36 also show the sampling stations in the nearshore Lake Michigan area used for these analyses. These sampling stations are divided into two groups, representing different surveys by MMSD. The first group of stations, the South Shore survey, is a relatively compact collection of stations located near the outfall from the MMSD South Shore wastewater treatment plant (WWTP). Data from sampling stations in this survey were analyzed along two transects (Map 27). West-east transect number 2 passes eastward through four stations as it runs outward from the lakeshore into Lake Michigan. North-south transect number 4 passes through five stations as it runs southward, roughly parallel to the shoreline. It is important to note that one sampling station in this survey, SS-01, is located 
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WATER AND SEDIMENT QUALITY MONITORING STATIONS WITHIN THE MILWAUKEE OUTER HARBOR AND ADJACENT LAKE MICHIGAN NEARSHORE AREA: 1975-2004

Table 36
SAMPLE SITES USED FOR ANALYSIS OF WATER QUALITY TRENDS IN THE
MILWAUKEE OUTER HARBOR AND NEARSHORE LAKE MICHIGAN AREAS: 1975-2004
	
	
	
Period
of Record
	Mean Depth (m)
	

	Location
	Synonyma
	
	Surface
	Middle
	Bottom
	Data Sources

	Outer Harbor
	
	
	
	
	
	

	OH-01
	NS-28
	1979-2004
	1.0
	4.8
	8.8
	MMSD

	OH-02
	- -
	1979-2004
	1.0
	4.6
	8.4
	MMSD

	OH-03
	NS-12
	1979-2004
	1.0
	4.6
	8.4
	MMSD

	OH-04
	- -
	1979-2004
	1.0
	2.8
	5.0
	MMSD

	OH-05
	- -
	1979-2004
	1.0
	4.8
	8.8
	MMSD

	OH-06
	- -
	1979-2004
	1.0
	5.3
	10.1
	MMSD

	OH-07
	NS-13
	1979-2004
	1.0
	5.2
	9.8
	MMSD

	OH-08
	- -
	1979-2004
	1.0
	5.3
	10.1
	MMSD

	OH-09
	- -
	1979-2004
	1.0
	5.6
	10.5
	MMSD

	OH-10
	- -
	1979-2004
	1.0
	3.0
	5.4
	MMSD

	OH-11
	- -
	1979-2004
	1.0
	4.6
	8.4
	MMSD

	OH-12
	- -
	1980-2004
	1.0
	6.1
	11.4
	MMSD

	OH-13
	- -
	1980-2004
	1.0
	7.3
	13.9
	MMSD

	OH-14
	NS-14
	1980-2004
	1.0
	8.0
	15.5
	MMSD

	OH-15
	- -
	1980-2004
	1.0
	2.0
	2.6
	MMSD

	Nearshore
	
	
	
	
	
	

	NS-01
	- -
	1980-2004
	1.2
	11.7
	22.5
	MMSD

	NS-02
	- -
	1980-2004
	1.2
	5.5
	10.2
	MMSD

	NS-03
	- -
	1980-2004
	1.1
	10.9
	21.1
	MMSD

	NS-04
	- -
	1980-2004
	1.2
	2.8
	4.8
	MMSD

	NS-05
	- -
	1980-2004
	1.1
	10.0
	19.1
	MMSD

	NS-06
	- -
	1980-1992
	1.3
	15.5
	26.1
	MMSD

	NS-07
	- -
	1980-2004
	1.0
	8.6
	16.6
	MMSD

	NS-08
	- -
	1980-2004
	1.0
	17.8
	33.2
	MMSD

	NS-09
	- -
	1980-1992
	1.3
	25.4
	50.0
	MMSD

	NS-10
	- -
	1980-2004
	1.2
	37.8
	71.8
	MMSD

	NS-11
	SS-11
	1980-2004
	1.0
	4.1
	7.3
	MMSD

	NS-12
	OH-03
	1980-2004
	1.0
	4.2
	7.4
	MMSD

	NS-13
	OH-07
	1980-2004
	1.0
	5.1
	9.3
	MMSD

	NS-14
	OH-14
	1980-2004
	1.0
	8.0
	14.8
	MMSD

	NS-15
	- -
	1987-1988
	1.0
	5.1
	9.6
	MMSD

	NS-16
	- -
	1987-1988
	1.0
	4.8
	8.7
	MMSD

	NS-17
	- -
	1987-1988
	1.0
	2.5
	4.9
	MMSD

	NS-18
	- -
	1987-1988
	1.0
	4.1
	8.0
	MMSD

	NS-19
	- -
	1987-1988
	1.0
	6.5
	12.4
	MMSD

	NS-20
	- -
	1987-1988
	1.0
	9.3
	19.4
	MMSD

	NS-21
	- -
	1987-1988
	1.0
	5.1
	7.8
	MMSD

	NS-22
	- -
	1987-1988
	1.0
	4.8
	9.6
	MMSD

	NS-23
	- -
	1987-1988
	1.0
	2.4
	4.7
	MMSD

	NS-24
	- -
	1987-1988
	1.0
	4.8
	9.3
	MMSD

	NS-25
	- -
	1987-1988
	1.0
	7.8
	15.2
	MMSD

	NS-26
	- -
	1987-1988
	1.0
	20.1
	41.3
	MMSD

	NS-27
	SS-07
	1998-2004
	1.0
	3.3
	5.7
	MMSD

	NS-28
	OH-01
	1998-2004
	1.0
	4.4
	8.0
	MMSD

	South Shore
	
	
	
	
	
	

	SS-01
	- -
	1979-2004
	1.0
	3.8
	6.8
	MMSD

	SS-02
	- -
	1979-2004
	1.0
	2.9
	5.3
	MMSD

	SS-03
	- -
	1979-2004
	1.0
	4.2
	7.6
	MMSD

	SS-04
	- -
	1979-2004
	1.0
	3.7
	6.8
	MMSD

	SS-05
	- -
	1979-2004
	1.0
	2.8
	4.9
	MMSD

	SS-06
	- -
	1979-2004
	1.0
	4.1
	7.6
	MMSD

	SS-07
	NS-27
	1979-2004
	1.0
	3.5
	6.3
	MMSD

	SS-08
	- -
	1979-2004
	1.0
	2.8
	5.0
	MMSD

	SS-09
	- -
	1979-2004
	1.0
	4.1
	7.5
	MMSD

	SS-10
	- -
	1980-2004
	1.0
	3.3
	6.0
	MMSD

	SS-11
	NS-11
	1980-2004
	1.1
	4.7
	8.5
	MMSD

	SS-12
	- -
	1980-2004
	1.0
	3.7
	6.8
	MMSD


aSynonymous stations are stations used in two surveys. While they represent the same location, sample collection by MMSD was conducted on different dates.

Source: Milwaukee Metropolitan Sewerage District and SEWRPC.
at the site of the outfall from the South Shore WWTP. Most of the stations in the second group, the nearshore survey, are located in the nearshore area roughly between Fox Point and Wind Point. A few stations in this group are located south of Wind Point; however, they have rather short periods of record (Table 36). The nearshore stations were aligned along four transects (Map 27). West-east transect number 3 begins offshore from the City of Oak Creek and passes eastward through three stations. North-south transect number 5 includes five stations and is closest to the shore. North-south transect number 6 and north-south transect number 7 each pass through three stations. North-south transect number 7 is farthest from shore. Stations NS-06 and NS-09 were not included in this transect because no data were available from these stations after 1992.

Bacterial and Biological Parameters

Bacteria

Over the period of record, the median concentration of fecal coliform bacteria in the Milwaukee Harbor estuary was about 930 cells per 100 milliliters (ml). The median concentrations of fecal coliform bacteria during the period of record in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within the estuary were 430 cells per 100 ml, 930 cells per 100 ml, and 930 cells per 100 ml, respectively. Fecal coliform counts in the estuary varied over seven orders of magnitude, ranging from as low as one cell per 100 ml to over 2.4 million cells per 100 ml. Counts in many samples exceeded the standard of 1,000 cells per 100 ml applied by the variance covering the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers that are in the estuary. In addition, fecal coliform bacteria concentrations in the estuary in most samples exceeded the standard for full recreational use of 200 cells per 100 ml. Statistically significant trends toward concentrations of fecal coliform bacteria decreasing over time were detected at all sampling stations in the estuary (see Appendix C in SEWRPC Technical Report No. 39). In part, these trends reflect sharp decreases in fecal coliform bacteria count between the periods 1987-1993 and 1994-1997. The occurrence of these reductions coincides with the period during which the Inline Storage System came on line. This suggests that, since 1994, reductions in inputs from combined sewer overflows related to operation of the Inline Storage System have contributed to reduced loadings of fecal coliform bacteria into the estuary.
Figure 28 shows concentrations of fecal coliform bacteria at sampling stations along transects through the outer harbor and nearshore area. The median concentration of fecal coliform bacteria in the outer harbor during the period of record was 761 cells per 100 milliliters (ml). Fecal coliform bacteria counts in the outer harbor ranged from below the limit of detection to 110,000 cells per 100 ml. Concentrations of fecal coliform bacteria in the outer harbor tend to be about an order of magnitude lower than concentrations in the estuary. Concentrations of fecal coliform bacteria in the outer harbor tend to be one to two orders of magnitude higher than concentrations at stations in Lake Michigan outside of the harbor. Concentrations of fecal coliform bacteria at all stations in the outer harbor and along the breakwall decreased sharply after 1993. At several of these stations, these decreases reflect statistically significant trends toward decreasing concentrations of fecal coliform bacteria (Table 37). The occurrence of these reductions coincides with the period during which the Inline Storage System came on line. It suggests that, since 1994, reductions in inputs from combined sewer overflows related to operation of the Inline Storage System have contributed to reduced loadings of fecal coliform bacteria into the estuary and, consequently, loadings from the estuary into the outer harbor. At most sampling stations in the outer harbor, concentrations of fecal coliform bacteria increased between the periods 1994-1997 and 1998-2002. However, at most stations, the concentrations of fecal coliform bacteria observed during the period 1998-2002 were below the levels observed in the periods before 1994.

During the period of record, concentrations of fecal coliform bacteria in the nearshore Lake Michigan area ranged from below the limit of detection to 110,000 cells per 100 ml. The mean concentration was 526 cells per 100 ml. Given that the median concentration was four cells per ml, this mean is probably high due to the effects of a relatively small number of samples with unusually high concentrations. When analyzed on an annual basis, several sampling sites in the nearshore survey showed statistically significant trends toward decreasing fecal coliform concentrations (Table 37). At some stations, these trends accounted for small fractions of the variation observed.

Figure 28
FECAL COLIFORM BACTERIA CONCENTRATIONS AT SITES IN THE
MILWAUKEE OUTER HARBOR AND NEARSHORE LAKE MICHIGAN AREA: 1975-2004
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Milwaukee Metropolitan Sewerage District and SEWRPC.
Fecal coliform bacteria concentrations in the estuary tend to be positively correlated with concentrations of biochemical oxygen demand and with concentrations of several nutrients including ammonia, dissolved phosphorus, total phosphorus, and total nitrogen. These correlations may reflect the fact that these pollutants, to some extent, share common sources and modes of transport into the estuary. Fecal coliform bacteria concentrations are also strongly positively correlated with concentrations of E. coli, reflecting the fact that E. coli constitute a major component of fecal coliform bacteria. In addition, fecal coliform bacteria concentrations at some stations in the estuary are negatively correlated with several measures of dissolved material such as alkalinity, chloride, hardness, and pH. In the outer harbor, concentrations of fecal coliform bacteria are positively correlated with concentrations of total phosphorus. The long-term trends toward declining fecal coliform bacteria concentrations represent an improvement in water quality.
MMSD began regular sampling for E. coli at sampling stations in the estuary and outer harbor in 2000. Median concentrations of E. coli in the Milwaukee Harbor estuary during the period 2000-2002 were 410 per 100 ml. The median concentrations of E. coli during the period of record in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within the estuary were 290 cells per 100 ml, 520 cells per 100 ml, and 410 cells per 100 ml, respectively. Counts of E. coli in the estuary varied over six orders of magnitude, ranging from as low as 0.5 cells per 100 ml to 240,000 cells per 100 ml. No statistically significant differences in mean concentrations of E. coli were detected through ANOVA among the Kinnickinnic River, Menomonee River, and Milwaukee River portions of the estuary.

The median concentration of E. coli in the outer harbor during the period 2000-2002 was 22 cells per 100 ml. Counts of E. coli in the outer harbor varied over four orders of magnitude, ranging from below the limit of detection to 3,300 cells per 100 ml. Median concentrations of E. coli at sites in the outer harbor ranged between seven and 96 cells per 100 ml. Median concentrations of E. coli at sites outside the outer harbor were below the limit of detection.

Table 37
ANNUAL TRENDS IN WATER QUALITY PARAMETERS AT SAMPLING STATIONS IN
THE MILWAUKEE OUTER HARBOR AND NEARSHORE LAKE MICHIGAN AREAS: 1975-2004a
	
	Trend (percent sampling stations)b,c

	
	Outer Harbor
	Nearshore
	South Shore

	Constituent
	Increase
	Decrease
	No
Change
	Increase
	Decrease
	No
Change
	Increase
	Decrease
	No
Change

	Bacteria and Biological
	
	
	
	
	
	
	
	
	

	Fecal Coliformd

	0
	53
	47
	0
	71
	29
	8
	0
	92

	E. colid

	0
	0
	60
	0
	0
	21
	0
	0
	66

	Chlorophyll-ad

	0
	67
	33
	0
	93
	7
	0
	100
	0

	Chemical/Physical
	
	
	
	
	
	
	
	
	

	Alkalinity



	7
	0
	93
	0
	0
	100
	0
	25
	75

	Biochemical Oxygen
Demandd

	7
	20
	0
	0
	29
	0
	0
	33
	0

	Chlorided

	100
	0
	0
	79
	0
	21
	100
	0
	0

	Dissolved Oxygen

	0
	53
	47
	0
	21
	79
	0
	100
	0

	Hardness

	0
	7
	93
	0
	0
	100
	0
	0
	100

	pH

	47
	7
	46
	29
	0
	71
	75
	0
	25

	Secchi Depth

	100
	0
	0
	100
	0
	0
	100
	0
	0

	Specific Conductance

	0
	87
	13
	0
	29
	14
	0
	100
	0

	Suspended Material
	
	
	
	
	
	
	
	
	

	Total Suspended
Sediment

	0
	0
	0
	0
	0
	0
	0
	0
	0

	Total Suspended Solids

	40
	7
	53
	21
	0
	21
	8
	0
	92

	Nutrients
	
	
	
	
	
	
	
	
	

	Ammoniad

	0
	100
	0
	0
	50
	50
	0
	100
	0

	Kjeldahl Nitrogend

	0
	87
	13
	0
	29
	71
	0
	25
	75

	Nitrated

	93
	0
	7
	64
	0
	36
	100
	0
	0

	Nitrited

	27
	33
	40
	14
	21
	65
	8
	75
	17

	Organic Nitrogend

	53
	0
	47
	21
	0
	79
	17
	0
	83

	Total Nitrogend

	0
	33
	67
	0
	29
	71
	0
	0
	100

	Dissolved Phosphorusd

	20
	0
	80
	50
	0
	50
	92
	0
	8

	Total Phosphorusd

	7
	60
	33
	64
	21
	15
	25
	0
	75

	Metals
	
	
	
	
	
	
	
	
	

	Arsenicd

	86
	0
	7
	93
	0
	7
	8
	0
	92

	Cadmiumd

	0
	100
	0
	0
	100
	0
	0
	100
	0

	Chromiumd

	0
	93
	7
	0
	100
	0
	0
	100
	0

	Copperd

	13
	0
	87
	14
	0
	86
	0
	0
	100

	Leadd

	0
	100
	0
	0
	100
	0
	0
	100
	0

	Mercuryd

	0
	7
	13
	0
	0
	7
	0
	0
	0

	Nickeld

	0
	100
	0
	0
	100
	0
	0
	100
	0

	Zincd

	40
	0
	60
	64
	0
	36
	25
	0
	75


aTrends were assessed through linear regression analysis. A trend was considered significant if the regression showed a significant slope at P = 0.05 or less. Because MMSD stopped sampling during the winter in 1987, data from winter months were not included in the annual trend analysis.

bTrends were assessed at 15 sampling stations from the outer harbor survey, 14 sampling stations in the nearshore survey, and 12 sampling stations from the South Shore survey.

cFor any constituent, the total percentage of sampling stations assessed in a survey may not add up to 100 percent because data at some sampling stations were insufficient for assessing time-based trends.

dThese data were log-transformed before being entered into regression analysis.

Source: SEWRPC.

MMSD began regular sampling for E. coli at four long-term sampling stations in the nearshore survey in 2003. These stations were in or near the outer harbor. Concentrations of E. coli at these stations ranged from below the limit of detection to 3,300 cells per 100 ml. The mean concentration at these stations was 215 cells per 100 ml. Given that the median concentration was 20 cells per ml, this mean is probably high due to the effects of a relatively small number of samples with unusually high concentrations.

During 2003 and 2004, the University of Wisconsin-Milwaukee Great Lakes WATER Institute conducted studies on the transport and fate of bacteria through the estuary, outer harbor, and adjacent areas of Lake Michigan.
 These studies included extensive surveys of E. coli concentrations to characterize transport of bacteria through the estuary and harbor and antibiotic resistance testing to determine whether fecal coliform bacteria including E. coli were derived from human sources. Among the results of these studies were the following findings:

· After a rainfall, bacterial pollution travels in a distinct plume with river water as it moves through the outer harbor and past the harbor breakwall,

· Concentrations of E. coli outside of the plume are lower than can be accounted for by the effects of dilution with lake water,

· During combined sewer overflow (CSO) events, E. coli concentrations decreased drastically outside of the harbor breakwall during overflows as the pollution plume mixed with lake water, and

· During overflow events, E. coli could not be detected at concentrations above the background concentration of 10 cells per 100 ml at distances greater than 3.1 miles from the harbor breakwall.

Chlorophyll-a
Over the period of record, the mean concentration of chlorophyll-a in the Milwaukee Harbor estuary was 16.6 μg/l. Individual samples of this parameter ranged from 0.1 μg/l to 382.0 μg/l. Significant differences were detected among the mean values of chlorophyll-a in the estuary portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers. The mean concentration of chlorophyll-a in the portion of the Milwaukee River in the estuary was significantly higher than the mean concentrations of chlorophyll-a in the Kinnickinnic and Menomonee Rivers during all periods. During the baseline period, the mean concentration of chlorophyll-a in the portion of the Menomonee River in the estuary was higher than the mean concentration of chlorophyll-a in portion of the Kinnickinnic River in the estuary. Concentrations of chlorophyll-a have decreased in much of the estuary, especially in the Kinnickinnic River and Menomonee River portions. Statistically significant trends toward decreasing chlorophyll-a concentrations were detected at sampling stations in the estuary portions of both these rivers (see Appendix C in SEWRPC Technical Report No. 39). These changes occurred at roughly the time when the Inline Storage System came online and may reflect reductions of nutrient inputs related to the reduction in the number of combined sewer overflows. Decreases in chlorophyll-a concentrations have also been observed at sampling stations in the estuary portion of the Milwaukee River; however, these decreases generally took place after 1998.
Over the period of record, the mean concentrations of chlorophyll-a in the outer harbor and nearshore Lake Michigan areas were 8.9 μg/l and 4.9 μg/l, respectively. Figure 29 shows chlorophyll-a concentrations at stations along transects through the outer harbor and in the nearshore area. In all periods, chlorophyll-a concentrations were higher at sampling stations in, and immediately adjacent to, the outer harbor than at sampling stations farther outside the harbor. At most stations in the outer harbor, concentrations of chlorophyll-a increased between the periods 1975-1986 and 1987-1993. This increase was followed by a decrease after 1994. At some stations within the outer harbor, chlorophyll-a concentrations increased slightly after 1997. Chlorophyll-a concentrations in the nearshore area have decreased over time. The magnitude of the decreases varies among stations. The decreases in chlorophyll-a concentrations at sampling stations in the outer harbor and nearshore area represent statistically significant trends (Table 37). The decreases in chlorophyll-a concentrations in the harbor and nearshore area have been accompanied by improvements in the trophic status of the nearshore areas as measured by the Carlson 
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CHLOROPHYLL-A CONCENTRATIONS AT SITES IN THE MILWAUKEE
OUTER HARBOR AND NEARSHORE LAKE MICHIGAN AREA: 1975-2004
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Trophic State Indices and the Lake Trophic Status Index.
 Several factors may account for the decrease in chlorophyll-a concentrations in the outer harbor and nearshore areas of Lake Michigan. Much of these decreases appear to be the result of filtering activities of zebra mussels and quagga mussels. Beds of zebra mussels containing 100,000 or more mussels per square meter have been reported in Lake Erie
 and Lake Michigan.
 Large adult zebra mussels have been observed to remove particles from water at rates over 1.5 liters per day through filter feeding.
 This removal of phytoplankton from the water column coupled with reduced nutrient loads to the inner harbor, resulting from both reductions of combined sewer overflows since the Inline Storage System came online and nonpoint source pollution control efforts, may account for the decrease in chlorophyll-a concentrations in the inner harbor.

Several factors can affect chlorophyll-a concentration in the outer harbor and nearshore area. Phytoplankton populations, which chlorophyll-a concentrations estimate, are strongly influenced by the availability of nutrients, especially phosphorus and, during the spring diatom bloom, silica. Changes in levels of nutrient input can be 


reflected as changes in chlorophyll-a concentration. Grazing by zooplankton and other suspension feeding animals, such as zebra mussels, can remove phytoplankton from the water column, resulting in a decrease in the concentration of chlorophyll-a. At most stations in the estuary, outer harbor, and nearshore area chlorophyll-a concentrations are negatively correlated with concentrations of nitrate. In addition, chlorophyll-a concentrations in the estuary and outer harbor are negatively correlated with concentrations of dissolved phosphorus. This reflects the role of these compounds as nutrients for algal growth. As algae grow, they remove these compounds from the water and incorporate them into cellular material. Chlorophyll-a concentrations are also positively correlated with temperature, reflecting higher algal growth rates and standing crops during warmer weather. Chlorophyll-a concentrations at some stations are also negatively correlated with alkalinity. Since chlorophyll-a concentrations in water strongly reflect algal productivity, this correlation probably reflects lowering of alkalinity during photosynthesis through removal of inorganic carbon, mostly carbon dioxide, bicarbonate, and carbonate, from the water. The trends toward decreasing chlorophyll-a concentrations in the estuary, outer harbor, and nearshore area represent improvements in water quality.

Chemical and Physical Parameters

Temperature

The mean water temperature in the Milwaukee Harbor estuary during the period of record was 14.8 degrees Celsius (ºC). Water temperatures in individual samples ranged from 0ºC to 34.1ºC. The mean water temperatures during the period of record in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within the estuary were 12.2ºC, 14.8ºC, and 13.0ºC, respectively. Analysis of variance showed that during all periods, the mean water temperature in the Menomonee River portion of the estuary was significantly higher than the mean water temperatures in the Kinnickinnic River and Milwaukee River portions of the estuary. During most periods, no statistically significant differences were found between mean water temperatures in the Kinnickinnic River and Milwaukee River portions of the estuary. Statistically significant trends toward increasing water temperature were detected at most sampling stations in the estuary, though at several stations these trends accounted for only a small portion of the variation in the data (see Appendix C in SEWRPC Technical Report No. 39).

The median water temperature in the outer harbor over the period of record was 12.5ºC. Water temperatures in individual samples ranged from 0.4ºC to 27.6ºC. Figure 30 shows water temperatures collected at sampling stations along transects through the outer harbor and nearshore area. Water temperatures of water flowing into the outer harbor from the estuary tended to be warmer than ambient water temperatures in the outer harbor. Similarly, water temperatures in the outer harbor tended to be warmer than water temperatures at stations outside the breakwall.
Figure 30 shows evidence of changes over time in the temperature regime in the outer harbor. Temperatures at most of the stations in or adjacent to the outer harbor appear to have remained stable or decreased over the three periods from 1987 through 2004. It is important to note that the increase in temperatures between the periods 1975-1986 and 1987-1993 shown in Figure 30 was due to the inclusion of data collected during the winter during the earlier period.
 This apparent stability obscures the presence of some trends in the data. When examined on an annual basis, regression analysis revealed that there were statistically significant trends toward increasing water temperatures at most sampling stations in the outer harbor.
 These trends appear to result, in part, from the annual warming of water in the outer harbor occurring earlier and the annual cooling of water in the outer harbor occurring later in recent years than they did during the past.

The median water temperature in the nearshore Lake Michigan area was 11.4ºC, with temperatures in individual samples ranging from 0ºC to 27.6ºC. There are several patterns in temperature data from the nearshore area. First, 
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water temperatures tended to be higher in surface water samples than in samples collected from the bottom. This reflects thermal stratification of Lake Michigan during summer months (see the section on Water Quality of Lakes and Ponds above). In the open waters of Lake Michigan, the epilimnion may contain the upper 20 meters or more of the water column at the height of stratification. Nearer to shore, it may be thinner due to sediment resuspension from wind-driven turbulent mixing, upwelling, higher turbidity from sediment inputs from adjacent land, and algal growth. Second, temperatures in surface water tended to be lower at stations that were farther offshore; however, statistical analysis did not detect any significant differences or trends among stations based on distance from shore. Third, water temperatures in samples collected near the bottom showed considerable variation among sites. This variation tended to correspond to water depth with temperatures being cooler and showing less variability at deeper sites. Fourth, water temperatures at sampling stations in the nearshore area show a complicated pattern of change over time. At most stations, they increased between the periods 1975-1986 and 1987-1993, decreased after 1993, and increased after 1998. It is important to note that the increase between the periods 1975-1986 and 1987-1993 was due to the inclusion of data collected during the winter in the earlier period.

Baseline period mean water temperatures at station NS-11 exceeded historical means during the months of July and August. These higher mean water temperatures during summer months may reflect changes in summer wind patterns over the Great Lakes. Prevailing winds during summer months over southern Lake Michigan shifted from coming from the southwest during the 1980s to coming from the east during the 1990s.
 This change in wind direction was accompanied by an increase in wind speed, especially during the month of August. It is important to note that this change in wind direction and speed represents the average condition during the summer. During any summer, there was variation in wind direction and speed. What this change in average condition means is that during summer months in the 1990s, winds coming from the east were much more common than they were during summer months in the 1980s. Any effects associated with easterly winds, should also be expected to be more common during the 1990s. A change in wind direction toward easterly winds would tend to push warmer, epilimnetic water toward the western shore of the Lake and might result in piling up of warmer water in the nearshore area. This sort of change would make the nearshore area more suitable for species whose thermal tolerances and preferences are more similar to the relatively warmer summer water temperatures seen during the 1990s. By contrast, the area may have become less suitable for species whose thermal tolerances and preferences are more similar to the relatively cooler summer water temperatures seen during the 1980s. This may be a factor in the recent resurgence of Cladophora as a nuisance alga.

Water temperatures in the estuary, outer harbor, and nearshore area are the result of a complex process driven by several factors. Ultimately, water temperatures in these areas are the result of solar heating and the seasonal cycle. In the outer harbor, the influx of relatively warm water from the estuary and solar heating tend to increase water temperatures while the influx of relatively cool water from Lake Michigan through the gaps in the breakwall tends to decrease water temperatures. The relative strengths of these influences will be affected by factors such as water levels in the Lake, the amount of discharge from the Rivers flowing into the estuary, and water clarity in the outer harbor. In the nearshore area, climatic factors such as wind patterns can affect water temperatures.

The trends toward increasing water temperature in estuary stations and some outer harbor stations represent a reduction in water quality.

Alkalinity

The mean value of alkalinity in the Milwaukee Harbor estuary over the period of record was 199.2 mg/l as CaCO3. The data show moderate variability, ranging from 5.0 to 999.0 mg/l as CaCO3. During all periods, except for the period 1987-1993, significant differences were detected among the mean values of alkalinity in the estuary portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers. Mean alkalinity in the Milwaukee River portion of the estuary was significantly higher than the mean alkalinity in both the Menomonee River and Kinnickinnic River portions of the estuary and mean alkalinity in the Menomonee River portion of the estuary was significantly higher than mean alkalinity in the Kinnickinnic River portion of the estuary. These differences may reflect differences in the relative importance of groundwater and surface runoff on the chemistry of water in different portions of the estuary with surface runoff having a greater influence on the water chemistry of the Kinnickinnic River portion of the estuary. The mean concentration of alkalinity in the outer harbor was 136.9 mg/l as CaCO3. The range of variation in the outer harbor was greater than that seen in the estuary with values ranging from 5.0 to 1,531 mg/l as CaCO3. The mean value of alkalinity in the nearshore Lake Michigan area was 128.9 mg/l as CaCO3, with values ranging from 5.0 to 1,531 mg/l as CaCO3. Few statistically significant time-based trends were detected in alkalinity in the estuary, outer harbor, and nearshore area. Trends toward increasing alkalinity were detected at a few stations, but these either accounted for a small portion of the variation in the data or were based on relatively small numbers of samples. Alkalinity concentrations in the estuary and outer harbor are strongly correlated with hardness, specific conductance, and concentrations of chloride, all parameters which, like alkalinity, measure amounts of dissolved material in water. At several stations in the estuary and outer harbor, alkalinity is negatively correlated with temperature, reflecting the fact that it indirectly measures concentrations of carbon dioxide in water and that solubility of gases in water decreases with increasing temperature. Few correlations were found between alkalinity and other water quality parameters in the nearshore survey.

Biochemical Oxygen Demand

The mean concentration of BOD in the Milwaukee Harbor estuary during the period of record was 2.88 mg/l. Concentrations in individual samples varied from below the limit of detection to 52.43 mg/l. The mean values of BOD during the period of record in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within the estuary were 2.76 mg/l, 2.88 mg/l, and 2.96 mg/l, respectively. Statistically significant differences were found among mean BOD concentrations in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within the estuary; however, the relationships among BOD concentrations in these sections of the estuary appear to be dynamic and changing over time. During the period 1998-2002, the mean concentrations of BOD in the Menomonee River and Milwaukee River portions of the estuary were significantly higher than the mean concentration of BOD in the Kinnickinnic River portion of the estuary. When examined on an annual basis, statistically significant decreasing trends in BOD concentration over time were detected at all stations in the estuary (see Appendix C in SEWRPC Technical Report No. 39). At several stations, these trends accounted for a substantial portion of the variation in the data. The fact that the sampling stations in the estuary are all within the area served by combined sewers suggests that the decrease over time in BOD concentrations in the estuary is being caused, at least in part, by reductions of inputs from combined sewer overflows resulting from operation of the Inline Storage System. The mean concentration of BOD over the period of record at sampling stations in the outer harbor was 1.75 mg/l. At most of those stations for which sufficient data exist, the concentration of BOD has decreased over time. These decreases represent statistically significant trends (Table 37). The mean concentration of BOD in the nearshore Lake Michigan area during the period of record was 1.53 mg/l. Individual samples varied from below the limit of detection to 8.80 mg/l. It is important to note that since data were available from only four sampling stations in the nearshore survey that are relatively close to either the outer harbor or the outfall from the South Shore WWTP, this average may not be representative of concentrations in other sections of the nearshore area. Table 37 shows that statistically significant trends toward decreasing BOD concentrations were detected at all sampling stations for which data are available.

Several factors may influence BOD concentrations in the Milwaukee Harbor estuary, outer harbor, and nearshore Lake Michigan area. Parts of the estuary and outer harbor act as settling basins for suspended material. Decomposition of organic material in sediment may act as a source of BOD to overlying water. BOD concentrations in the estuary are positively correlated at most stations with concentrations of fecal coliform bacteria and some nutrients such as ammonia, organic nitrogen, and total phosphorus. Some of these correlations also occurred in the outer harbor and nearshore area. These correlations may reflect the fact that these pollutants, to some extent, share common sources and modes of transport into the estuary. In addition, at some stations BOD concentrations are negatively correlated with dissolved oxygen concentrations. The declining trends in BOD concentrations over time in the estuary, outer harbor, and nearshore area represent an improvement in water quality.

Chloride

The mean chloride concentration in the Milwaukee Harbor estuary for the period of record was 61.7 mg/l. All sites show wide variations between minimum and maximum values. Individual samples of this parameter ranged from 5.6 mg/l to 650.5 mg/l. Statistically significant trends toward increasing chloride concentration were detected at all stations in the estuary. The mean concentration of chloride in the outer harbor during the period of record was 32.5 mg/l. Concentrations in individual samples ranged between 0.3 mg/l to 250.0 mg/l. Figure 31 shows chloride concentrations at sampling stations in and around the outer harbor. Concentrations of chloride were higher at stations in the inner harbor than at stations outside the breakwall. At all stations, chloride concentrations have increased over time. Table 37 shows that statistically significant trends toward increasing chloride concentration were detected at all sampling stations within, and adjacent to, the outer harbor.

Chloride concentrations in the estuary and outer harbor show strong positive correlations with alkalinity, hardness, and specific conductance, all parameters which, like chloride, measure amounts of dissolved material in water. Chloride concentrations in the estuary are also positively correlated with TSS concentrations. This may reflect common mechanisms of entry into surface waters. In addition, chloride concentrations in the estuary are negatively correlated with temperature, reflecting the use of deicing salts on streets and highways during 


[image: image36.wmf]the winter. The increase in chloride concentrations in the estuary and outer harbor represents a decline in water quality.

The mean concentration of chloride in the nearshore Lake Michigan waters over the period of record was 21.1 mg/l. Concentrations in individual samples ranged between 0.9 mg/l and 160.0 mg/l. Chloride concentrations in the nearshore area have also increased over time (Table 37). Chloride concentra​tions in the nearshore area show positive correlations with alkalinity and specific conductance, both para​meters which, like chloride, measure amounts of dissolved material in water.
The increases in chloride concentrations in the outer harbor and nearshore area have occurred during a period when the ambient concentrations of chloride in offshore areas of the Lake have also increased. Between 1983 and 1999, the mean concentration of chloride at sampling stations in offshore areas of Lake Michigan increased from 8.68 mg/l to 10.86 mg/l.
 Given that Lake Michigan contains approximately 1,180 cubic miles of water, it would require over 10.8 million tons of chloride, for instance in the form of over 17.8 million tons of salt, to produce an increase in chloride concentrations of this magnitude through​out the Lake. While this is a very rough estimate of the amount of chloride required to account for the observed increase in concentration, it does give a sense of the amount of material that the increase represents.

The distribution of chloride concentrations in tributaries to Lake Michigan, the Milwaukee Harbor estuary, outer harbor, and nearshore Lake Michigan areas indicate several sources of chloride to Lake Michigan. Chloride in water flowing into the Lake from tributaries is one source. Mean concentrations of chloride measured in streams and rivers flowing into the Lake are many times higher than the ambient concentration offshore. For example, mean concentrations of chloride in Fish Creek, Oak Creek, and the Root River were about 250 mg/l, 158 mg/l, and 143 mg/l, respectively (see SEWRPC Technical Report No. 39). The mean concentrations of chloride in the Milwaukee Harbor estuary and the outer harbor were about 62 mg/l and 32 mg/l, respectively. While these concentrations are somewhat lower than those observed in Fish Creek, Oak Creek, and the Root River, in part due to mixing with water from the Lake, they are still higher than mean ambient concentrations in offshore areas of the Lake. The mean chloride concentration of 62 mg/l in the estuary and the mean discharge at Jones Island of 448 cfs suggest that the Kinnickinnic, Menomonee, and Milwaukee Rivers contributed approximately 490,000 tons of chloride, or the equivalent of 806,000 tons of salt, to Lake Michigan over the period 1983 to 1999. This represents about 4.5 percent of the chloride required to account for the increase in chloride concentrations in the Lake. While this is a very rough estimate, the fact that discharge from the Milwaukee Harbor estuary represents about 1.5 percent of the discharge into Lake Michigan from major tributaries
 suggests that it is not an unreasonable estimate. Additional likely sources of chloride to Lake Michigan include effluent from wastewater  treatment plants and direct runoff from the Lake Michigan direct drainage area.

The increase in chloride concentrations detected at stations in the nearshore Lake Michigan areas represents a decrease in water quality.

Dissolved Oxygen

Over the period of record, the mean concentration of dissolved oxygen in the Milwaukee Harbor estuary was 7.2 mg/l. The data ranged from concentrations that were undetectable to concentrations in excess of saturation. The mean concentrations of dissolved oxygen during the period of record in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within the estuary were 6.2 mg/l, 5.8 mg/l, and 8.6 mg/l, respectively. During most periods, mean concentrations of dissolved oxygen in the Milwaukee River portion of the estuary were significantly higher than mean concentrations in the Kinnickinnic River and Menomonee River portions of the estuary. No statistically significant differences were found between mean concentrations of dissolved oxygen in the Kinnickinnic River and Menomonee River portions of the estuary. Few statistically significant time-based trends were found in dissolved oxygen concentration in the estuary. When examined on an annual basis, trends toward increasing concentration for dissolved oxygen were detected at four stations in the estuary (see Appendix C in SEWRPC Technical Report No. 39). Comparison of these trends toward increasing dissolved oxygen concentrations at some stations in the estuary to trends toward decreasing BOD and decreasing ammonia suggests that a decrease in loadings of organic pollutants may be responsible for the increase in dissolved oxygen concentration at these sites during the summer. This is a likely consequence of a reduction in loadings from combined sewer overflows since the MMSD Inline Storage System went on line.

The mean concentration of dissolved oxygen during the period of record in the outer harbor was 9.3 mg/l. The data ranged from concentrations that were undetectable to concentrations in excess of saturation. Figure 32 shows dissolved oxygen concentrations at sampling stations along transects through the outer harbor and in the nearshore Lake Michigan area. Concentrations of dissolved oxygen tend to be lower at stations in the outer harbor than at stations outside the breakwall. Figure 32 also shows changes over time in dissolved oxygen concentrations. The range of dissolved oxygen concentrations decreased at most stations after 1986, reflecting the fact that after 1986 MMSD discontinued sampling during the winter when increased dissolved oxygen concentrations would occur due to the higher solubility of oxygen in colder water. Thus, this decrease reflects changes in the sampling protocol, not changes in the range of dissolved oxygen concentrations in the River. Dissolved oxygen concentrations decreased at several stations in the outer harbor between the periods 1994-1997 and 1998-2004. Statistically significant trends toward decreasing dissolved oxygen concentration were detected at some sampling stations in and adjacent to the outer harbor (Table 37). These generally accounted for a small portion of the variation in the data.

Several factors can affect dissolved oxygen concentrations in the estuary and outer harbor.
· First, decomposition of organic matter contained in the sediment, through chemical and especially biological processes, removes oxygen from the overlying water, lowering the dissolved oxygen concentration. Portions of the estuary and outer harbor act as settling basins in which material suspended in water sink and fall out into the sediment. This supplies organic material to the sediment in these sections of the estuary and outer harbor.
· Second, influxes of water from Lake Michigan and from the Rivers that flow into the estuary may influence dissolved oxygen concentrations in the estuary and outer harbor. When dissolved oxygen concentrations in these waterbodies are higher than in the estuary, mixing may act to increase dissolved oxygen concentrations in the lower estuary. Similarly, when dissolved oxygen concentrations in these waterbodies are lower than in the estuary, mixing may act to decrease dissolved oxygen concentrations in the lower estuary.
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· Third, dissolved oxygen concentrations at some stations in the estuary and outer harbor are positively correlated with pH. This reflects the effect of photosynthesis on both of these parameters. During photosynthesis, algae and plants remove carbon dioxide from the water. This tends to raise the pH of the water. At the same time, oxygen is released as a byproduct of the photosynthetic reactions.
· Fourth, the solubility of oxygen in water is dependent upon water temperature. As temperature increases, oxygen becomes less soluble. Thus, increases in water temperature in the estuary will tend to lower the concentration of dissolved oxygen.
· Fifth, dissolved oxygen concentrations in water can be affected by numerous other factors including the presence of aquatic plants, sunlight, and the amount of and type of sediment.

The increases in dissolved oxygen concentrations at some stations in the estuary represent an improvement in water quality. The decreases in dissolved oxygen at some stations in the outer harbor represent a decline in water quality.

Over the period of record, the mean concentration of dissolved oxygen in the nearshore Lake Michigan area was 10.2 mg/l. At sampling stations in the nearshore area, dissolved oxygen concentrations during the period 1987-1993 were lower than concentrations during the period 1975-1986 (Figure 32). This was followed by an increase in concentrations during the period 1994-1997 and another decrease during the period 1998-2004. Figure 32 also shows that the range of dissolved oxygen concentrations decreased at most stations after 1986 in the 1987 through 1993 time period. As in the outer harbor, this reflects the fact that MMSD discontinued sampling during the winter after 1986. While this at least partially accounts for the decrease in dissolved oxygen concentrations after 1986, it does not explain subsequent changes. Dissolved oxygen concentrations follow a strong seasonal pattern with highest concentrations occurring during the winter and lowest concentrations occurring during the summer. This seasonal pattern is driven by changes in water temperature. In addition, the metabolic demands and oxygen requirements of most aquatic organisms, including bacteria, tend to increase with increasing temperature. Higher rates of bacterial decomposition when the water is warm may contribute to the declines in the concentration of dissolved oxygen observed during the summer. Statistically significant trends toward decreasing dissolved oxygen concentration were detected at all sampling stations in the South Shore survey and at a few stations in the nearshore survey (Table 37). For the most part, these trends accounted for only a small portion of the variation in the data. It is important to note that data from samples collected during the winter were excluded from this analysis, so the 1987 change in MMSD’s sampling schedule does not account for these trends.
Several other factors in addition to temperature can affect dissolved oxygen concentrations in the nearshore Lake Michigan area. First, thermal stratification, which separates the upper portion of the water column from the water underneath, will prevent oxygen from the atmosphere from replenishing dissolved oxygen in deeper waters. Because of this, dissolved oxygen concentrations in the nearshore area will tend to vary with depth during periods of stratification. In the upper layer, dissolved oxygen concentrations, in the absence of other process, will tend to be in equilibrium with the atmosphere. This often results in dissolved oxygen concentrations being at or near the saturation concentrations determined by water temperature. Because water temperatures in the lower layer are much cooler than water temperatures in the upper layer during stratification, in the absence of any other processes, dissolved oxygen concentrations in the lower layer may be higher than dissolved oxygen concentrations in the upper layer. In Lake Michigan, thermal stratification sets up in the spring, generally beginning in the nearshore areas and moving out into the Lake. Stratification breaks down in the fall and winter with the extension of the boundary between the two layers being pushed progressively lower by loss of heat from the upper layer and wind-driven mixing. Second, decomposition of organic material in the water and underlying sediments, through chemical and especially biological processes, removes oxygen from the water, lowering the dissolved oxygen concentration. The organic material causing this can originate in the Lake through biological production, or enter from runoff or discharges from the adjacent land. Third, dissolved oxygen concentrations at most sampling stations in the nearshore area are positively correlated with chlorophyll-a concentrations. This reflects the effect of photosynthesis on dissolved oxygen concentrations. During photosynthesis, algae release oxygen as a byproduct of the photosynthetic reactions. Fourth, dissolved oxygen concentrations in water can be affected by numerous other factors including the presence of aquatic plants, sunlight, and the amount and type of sediment.

The trends toward decreasing dissolved oxygen concentration at some sampling stations in the nearshore area represent a decline in water quality. It is important to note that this decline appears to be driven by changes in water temperature in Lake Michigan which, in turn, are being driven by climatic variations.

Hardness

The mean value of hardness in the Milwaukee Harbor estuary over the period of record was 254.7 mg/l as CaCO3. On a commonly used scale, this is considered to be very hard water. The data show moderate variability, ranging from 18.6 to 750.1 mg/l as CaCO3. During most periods, mean values of hardness in the estuary portion of the Kinnickinnic River was significantly lower than mean values of hardness in the estuary portions of the Menomonee and Milwaukee Rivers. These differences may reflect differences in the relative importance of groundwater and surface runoff on the chemistry of water in different portions of the estuary with surface runoff having a greater influence on the water chemistry of the Kinnickinnic River portion of the estuary. The mean concentration of hardness in the outer harbor was 176.7 mg/l as CaCO3, indicating that water in the outer harbor is hard. The range of variation in the outer harbor was less than that seen in the estuary with values ranging from 1.7 to 617.3 mg/l as CaCO3. The mean value of hardness in the nearshore Lake Michigan area was 161.9 mg/l as CaCO3, with values ranging from 1.7 to 617.3 mg/l as CaCO3. Few statistically significant time-based trends were detected in hardness in the estuary, outer harbor, and nearshore area. Trends toward increasing hardness were detected at a few stations in the Milwaukee River portions of the estuary, but these accounted for a small portion of the variation in the data (see Appendix C in SEWRPC Technical Report No. 39). Hardness concentrations in the estuary and outer harbor are strongly correlated with alkalinity, pH, specific conductance, and concentrations of chloride, all parameters which, like hardness, measure amounts of dissolved material in water. In addition, hardness concentrations in the estuary are also positively correlated with TSS. Few correlations were found between hardness and other water quality parameters in the nearshore survey.

pH

The mean pH in the Milwaukee Harbor estuary over the period of record was 7.9 standard units. The mean values of pH during the period of record in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within the estuary were 7.6 standard units, 7.8 standard units, and 8.1 standard units, respectively. These differences were statistically significant and may reflect differences among the three rivers in the relative contributions of groundwater and surface runoff to flow. The mean values of pH in the outer harbor and nearshore area were 7.8 standard units and 8.0 standard units respectively. Significant trends toward decreasing pH were detected at several stations in the estuary, mostly, but not entirely, in upstream sections (see Appendix C in SEWRPC Technical Report No. 39). At the same time, significant trends toward decreasing pH were detected at one station in the outer harbor and nearshore area (Table 37). At most of these stations these trends accounted for a small portion of the variation in the data. Positive correlations are seen between pH and alkalinity, hardness, and specific conductance at some stations in the estuary, but they are neither as common nor as strong as the correlations detected among alkalinity, hardness, and specific conductance. At some stations in the estuary, outer harbor and nearshore area, dissolved oxygen concentrations and chlorophyll-a concentrations are positively correlated with pH. These correlations reflect the effect of photosynthesis on these parameters. During photosynthesis, algae and plants remove carbon dioxide from the water. This tends to raise the pH of the water. At the same time, oxygen is released as a byproduct of the photosynthetic reactions.

Secchi Depth

No Secchi depth data were available for the estuary. The mean Secchi depth in the outer harbor over the period of record was 1.46 meters (m). Secchi depth in the outer harbor ranged from 0.0 m to 8.50 m. The mean Secchi depth in the nearshore Lake Michigan areas over the period of record was 3.57 m. Secchi depth in the nearshore areas ranged from 0.00 m to 16.00 m. Figure 33 shows Secchi depths at stations along transects through the outer harbor and in the nearshore area. Secchi depths within the harbor and in the nearshore area have increased since 1975. There is one exception to this generalization. At stations within the harbor, Secchi depths during the period 1998-2004 were slightly lower than during the period 1994-1997. Despite this exception, statistically significant trends toward increasing Secchi depth over time were detected at all sampling stations in the outer harbor and nearshore area. Several factors may be responsible for the increase in Secchi depth. Chlorophyll-a concentrations have generally decreased in the outer harbor and nearshore areas of Lake Michigan. Much of this decrease appears to be the result of filtering activities of zebra mussels and quagga mussels which remove phytoplankton from the water column. Reduced nutrient loads to the outer harbor, resulting from both reductions of combined sewer overflows since the Inline Storage System came online and nonpoint source pollution control efforts, may account for the decrease in chlorophyll-a concentrations in both the outer harbor and nearshore area. In addition, basinwide reductions in phosphorus concentrations in open water areas of Lake Michigan beyond the nearshore area may also account for the decrease in chlorophyll-a concentrations in the nearshore areas and consequent increases in Secchi depth. Secchi depths in the outer harbor and nearshore area were negatively correlated with concentrations of chlorophyll-a, total nitrogen, and total phosphorus, suggesting that the increases in Secchi depth are being driven, at least in part, by smaller standing crops of phytoplankton. The increases in Secchi depths in the outer harbor and nearshore Lake Michigan areas represent an improvement in water quality.

Specific Conductance

The mean value for specific conductance in the Milwaukee Harbor estuary over the period of record was 625 μS/cm. Considerable variability was associated with this mean. Specific conductance in the estuary ranged from below the limit of detection to 2,350 μS/cm. Analysis of variance shows that during all periods mean 
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specific conductance in the Menomonee River portion of the estuary was significantly higher than mean conductance in the Kinnickinnic River and Milwaukee River portions of the estuary. During the periods 1975-1986 and 1998-2002, mean specific conductance in the Milwaukee River portion of the estuary was significantly higher than mean specific conductance in the Kinnickinnic River portion of the estuary. Between 1986 and 1998, there was no statistically significant difference between mean specific conductances in these portions of the estuary. Specific conductance in the Kinnickinnic River portion of the estuary tended to be more variable than specific conductance in the Menomonee River and Milwaukee River portions of the estuary. These differences in variability are most likely related to the differences in the areas of the watersheds drained by the rivers flowing into the estuary, differences among the watersheds in relative amounts of urban land uses, and the differences in discharge among these rivers. The mean value for specific conductance in the outer harbor over the period of record was 413 μS/cm. Considerable variability was also associated with this mean. Specific conductance in the estuary ranged between 170 μS/cm and 2,350 μS/cm. The mean value of specific conductance in the nearshore Lake Michigan area over the period of record was 341 μS/cm. Values in individual samples ranged from 160 μS/cm to 2,921 μS/cm.

Some of the variability in specific conductance may reflect the discontinuous nature of inputs of dissolved material into the estuary, outer harbor, and Lake Michigan. Runoff associated with storm events can have a major influence on the concentration of dissolved material in a waterbody. The first runoff from a storm event transports a large pulse of salts and other dissolved material from the watershed into the waterbody. This will tend to raise specific conductance. Later runoff associated with the event will be relatively dilute and will tend to lower specific conductance.

Statistically significant trends toward specific conductance increasing over time were detected at most sampling stations within the estuary (see Appendix C in SEWRPC Technical Report No. 39). At several of these stations, however, these trends account for only a small portion of the variation in the data. By contrast, statistically significant trends toward specific conductance decreasing over time were detected at most sampling stations in the outer harbor and nearshore area. The data show a seasonal pattern of variation in specific conductance both in the estuary and in the outer harbor. For those years in which data were available, specific conductance was highest during the winter. It then declined during the spring to reach lower levels in the summer and early fall. The pattern also appears to be present at sampling stations adjacent to the outer harbor, though the magnitude of the seasonal differences observed at these sites is much smaller.

Specific conductance in the Milwaukee Harbor estuary show strong positive correlations with alkalinity, chloride, hardness, and pH, all parameters which, like specific conductance, measure amounts of dissolved material in water. At most stations, specific conductance also shows negative correlations with water temperature, reflecting the fact that specific conductance in the estuary tends to be lower during the summer. Specific conductance in the outer harbor shows positive correlations with alkalinity and chloride. Specific conductance in the outer harbor shows negative correlations with water temperature and Secchi depth. The latter correlation indicates that high values of specific conductance occur during periods of high turbidity and suggests that dissolved material enters the harbor at the same times and by similar mechanisms as suspended materials. Specific conductance in the nearshore area shows strong positive correlations with chloride concentration.

These increases in specific conductance in the estuary indicate that the concentrations of dissolved materials in the water in the estuary are increasing and represent a decline in water quality. The decreases in specific conductance in the outer harbor and nearshore area indicate that concentrations of dissolved materials in water in the outer harbor are decreasing and represent an improvement in water quality.

Suspended Material

The mean value for total suspended solids (TSS) concentration in the Milwaukee Harbor estuary over the period of record was 418 mg/l. Considerable variability was associated with this mean, with values ranging from 120 to 2,013 mg/l. The mean concentrations of TSS during the period of record in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within the estuary were 368 mg/l, 474 mg/l, and 413 mg/l, respectively. During most periods, mean concentrations of TSS in the Menomonee River portion of the estuary were significantly higher than mean concentrations in the Milwaukee River and Kinnickinnic River portions of the estuary and the mean concentration of TSS in the Milwaukee River portion of the estuary was significantly higher than the mean concentration of TSS in the Kinnickinnic River portion of the estuary. When analyzed on an annual basis, most stations in the estuary showed trends toward increasing TSS concentration; however, these trends accounted for a small portion of the variation in the data. Mean concentrations of TSS tended to be lower at estuary stations than at stations upstream from the estuary in all periods. This reflects the fact that portions of the estuary act as a settling basin in which material suspended in water sink and fall out into the sediment. The mean concentration of TSS in the outer harbor over the period of record was 265 mg/l. Considerable variability was associated with this mean, with values ranging from one to 1,265 mg/l. Concentrations of TSS in the outer harbor were generally lower than concentrations of TSS in the estuary. Figure 34 shows concentrations of TSS at sampling stations along a transect through the outer harbor. Concentrations of TSS were highest at stations OH‑01, near the mouth of the Milwaukee River, and OH-02, near the outfall from the Jones Island WWTP and decreased from west to east through the outer harbor and into the Lake. This decrease probably reflects both the effects of dilution as TSS carried by water flowing in from the estuary mixes with water in the outer harbor and settling of suspended material. Concentrations of TSS in the outer harbor were higher than concentrations of TSS outside the breakwall. Concentrations of TSS appear to have increased since the period 1975-1986 at most sampling stations in the outer harbor. Statistically significant trends toward TSS concentration increasing over time were detected at several stations in the outer harbor (Table 37). The mean value for TSS concentration in the nearshore Lake Michigan areas over the period of record was 229.8 mg/l. Considerable variability was associated with this mean, with values ranging from 1.0 to 600.0 mg/l. Data were only available from nearshore survey sampling stations that share sites with stations in either the outer harbor survey or the South Shore survey. No data were available from stations farther out in the Lake. Table 37 shows that few statistically significant time-based trends were detected in TSS concentration at stations in the nearshore area. TSS concentrations in the estuary and outer harbor were strongly correlated with concentrations of dissolved materials such as alkalinity, chloride, and specific conductance. These correlations reflect the tendency of sediment to wash into streams at the same time, and by some of the same mechanisms, as dissolved material washes in. The increases in TSS concentrations in the estuary and outer harbor represent a decline in water quality.
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Nitrogen Compounds

The mean concentration of total nitrogen in the Milwaukee Harbor estuary over the period of record was 1.72 mg/l as N. Concentrations ranged from below the limit of detection to 17.26 mg/l as N. The mean concentrations of total nitrogen during the period of record in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within the estu​ary were 1.61 mg/l as N, 1.71 mg/l as N, and 1.78 mg/l as N, respectively. At all stations, concentrations of total nitrogen during the period 1987-1993 were lower than during the period 1975-1986. In sub​sequent periods, concentrations of total nitrogen increased. When examined on an annual basis, statis​tically significant trends toward increasing total nitro​gen concentrations were detected at four sampling stations in the estuary (see Appendix C in SEWRPC Technical Report No. 39). These stations were in upstream sections of the estuary. A statistically signifi​cant trend toward decreasing total nitrogen concen​tration was detected at one station. The concentration of total nitrogen in the estuary is positively correlated with the concentrations of nitrate and organic nitro​gen, reflecting the fact that these tend to be the major forms of nitrogen compounds in the estuary. In addi​tion, concentrations of total nitrogen were positively correlated with concentrations of total phosphorus at most stations. This probably reflects the nitrogen and phosphorus contained in particulate organic matter in the water, including detritus and live material such as plankton. Total nitrogen concentrations in the estuary are negatively correlated with Secchi depth. Finally, total nitrogen concentrations in the estuary are negatively correlated with temperature, reflecting the fact that total nitrogen concentrations tend to be highest during the winter.

The mean concentration of total nitrogen in the outer harbor during the period of record was 1.51 mg/l as N. Concentrations ranged from 0.09 mg/l as N to 13.29 mg/l as N. The mean concentration of total nitrogen in the nearshore Lake Michigan area over the period of record was 0.99 mg/l as N. Concentrations ranged from 0.04 mg/l as N to 9.88 mg/l as N. Figure 35 shows changes in total nitrogen concentrations at sampling stations along transects through the outer harbor and in the nearshore area. Concentrations of total nitrogen were higher at sampling stations in the outer harbor than at stations outside the breakwall. The highest concentration of total nitrogen was detected at station OH-02, a sampling station located near the outfall from the Jones Island WWTP. The high concentrations observed at this station probably reflect the effects of inputs of effluent from the treatment plant. With some differences in timing, a similar pattern of change in total nitrogen concentration over time was observed at most sampling stations along transects through the outer harbor and in the nearshore area. After the period 1975-1986, total nitrogen concentrations decreased through 1993 or 1997, depending on the location. After that, total nitrogen concentrations increased. At most stations, total nitrogen concentrations were lower during the period 1998-2002 than during the period 1975-1986. Statistically significant trends toward decreasing total nitrogen concentrations were detected at a few stations in the outer harbor and nearshore area (Table 37). These trends accounted for a small fraction of the variation in the data. Total nitrogen concentrations in the outer harbor and nearshore area were positively correlated with concentrations of ammonia, nitrate, and organic nitrogen, reflecting the fact that these tend to be the major forms of nitrogen compounds detected. In addition, concentrations of total nitrogen in the outer harbor were positively correlated with concentrations of total phosphorus at most stations. This probably reflects the nitrogen and phosphorus contained in particulate organic matter in the water, including live material such as plankton and detritus.
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Total nitrogen is a composite measure of several different compounds which vary in their availability to algae and aquatic plants and vary in their toxicity to aquatic organisms. Common constituents of total nitrogen include ammonia, nitrate, and nitrite. In addition a large number of nitrogen-containing organic compounds, such as amino acids, nucleic acids, and proteins commonly occur in natural waters. These compounds are usually reported as organic nitrogen.

The mean concentration of ammonia in the Milwaukee Harbor estuary during the period of record was 0.32 mg/l as N. Over the period of record, ammonia concentrations varied from below the limit of detection to 5.01 mg/l as N. The mean concentrations of ammonia during the period of record in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within the estuary were 0.44 mg/l as N, 0.34 mg/l as N, and 0.24 mg/l as N, respectively. Analysis of variance shows that during all periods mean ammonia concentrations in the Kinnickinnic River and Menomonee River portions of the estuary were significantly higher than mean ammonia concentration in the Milwaukee River portion of the estuary. In addition, mean ammonia concentration in the Kinnickinnic River portion of the estuary was higher than mean ammonia concentration in the Menomonee River portion of the estuary in all periods except the period 1998-2002. Statistically significant trends toward decreasing ammonia concentration over time were detected at all stations in the estuary (see Appendix C in SEWRPC Technical Report No. 39). The mean concentration of ammonia in the outer harbor during the period of record was 0.42 mg/l as N. Individual samples of this parameter ranged from below the limit of detection to 8.90 mg/l as N. The mean concentration of ammonia in the nearshore Lake Michigan area over the period of record was 0.21 mg/l as N. Ammonia concentrations in individual samples varied between 0.34 mg/l as N and 7.54 mg/l as N. Figure 36 shows ammonia concentrations at sampling stations along a transect through the outer harbor. Concentrations of ammonia were higher at sampling stations in the outer harbor than at stations outside the breakwall. In addition, ammonia concentrations decreased over time at the stations in this transect. Similar decreases occurred at all stations in the outer harbor and at many stations in the nearshore area. These decreases represent statistically significant trends (Table 37). Ammonia concentrations in the estuary were positively correlated with concentrations of fecal coliform bacteria and BOD. This may reflect common sources and modes of transport into the estuary for these pollutants. At some stations, ammonia concentrations were negatively 

[image: image38.wmf]correlated with concentrations of dissolved oxygen and nitrate. These correlations may reflect a tendency toward oxidation of ammonia in aerobic environ​ments. Ammonia concentrations in the outer harbor were positively correlated with total nitrogen and negatively correlated with Secchi depth.

The mean concentration of nitrate in the Milwaukee Harbor estuary for the period of record was 0.63 mg/l as N. During this time, concentrations in the estuary varied from below the limit of detection to 3.07 mg/l as N. The mean concentrations of nitrate during the period of record in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within the estu​ary were 0.57 mg/l as N, 0.62 mg/l as N, and 0.68 mg/l as N, respectively. With the exception of one sampling station in the Menomonee River portion of the estuary, statistically significant trends toward increasing nitrate concentrations were detected at all sampling stations (see Appendix C in SEWRPC Technical Report No. 39). The mean concentration of nitrate in the outer harbor during the period of record was 0.57 mg/l as N. Concentrations in individual samples ranged from below the limit of detection to 8.57 mg/l as N. It is important to note that, with the exception of some outliers, the ranges of nitrate concentrations at sampling stations in the outer harbor are similar to the ranges of nitrate concentrations at sampling stations in the estuary. The mean concentration of nitrate in the nearshore Lake Michigan Area for the period of record was 0.41 mg/l as N. Concentrations in individual samples ranged from below the limit of detection to 8.57 mg/l as N. Statistically significant trends toward increasing nitrate concentrations were detected at several stations in the outer harbor and nearshore area, though at some stations the trends accounted for a small portion of the variation in the data (Table 37). Concentrations of nitrate in several stations in the outer harbor and nearshore area were positively correlated with concentrations of total nitrogen and total phosphorus. The correlation with total nitrogen reflects the fact that nitrate is a major component of total nitrogen. Nitrate concentrations in the estuary and outer harbor were negatively correlated with concentrations of chlorophyll-a. This correlation reflects the role of nitrate as a nutrient for algal growth. During periods of high algal productivity, algae remove nitrate from water and incorporate it into cellular material.

The mean concentration of nitrite in the Milwaukee Harbor estuary for the period of record was 0.032 mg/l as N. During this time, concentrations in the estuary varied from below the limit of detection to 4.00 mg/l as N. The mean concentrations of nitrite during the period of record in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within the estuary were 0.039 mg/l as N, 0.038 mg/l as N, and 0.024 mg/l as N, respectively. Analysis of variance detected no statistically significant differences between mean nitrite concentrations in the Kinnickinnic River and Menomonee River portions of the estuary during any period. During all periods, however, mean nitrite concentration in the Kinnickinnic River and Menomonee River portions of the estuary were significantly higher than mean nitrite concentration in the Milwaukee River portion of the estuary. The mean concentration of nitrite in the outer harbor during the period of record was 0.034 mg/l as N. Concentrations in individual samples ranged from below the limit of detection to 1.100 mg/l as N. The mean concentration of nitrite in the nearshore Lake Michigan Area for the period of record was 0.020 mg/l as N. Concentrations in individual samples ranged from below the limit of detection to 1.00 mg/l as N. Nitrite concentrations at some sampling stations in the estuary and outer harbor were negatively correlated with dissolved oxygen concentration. This reflects the tendency for nitrite to be oxidized in aerobic waters.

A comparison of the nitrate and nitrite concentration data from the nearshore area to concentrations in the open waters of Lake Michigan reveals several things. The mean concentration of nitrate plus nitrite in the open waters of Lake Michigan increased from 0.262 mg/l as N in 1983 to 0.311 mg/l as N in 1999.
 These concentrations were lower than the mean concentration of nitrate plus nitrite in the nearshore Lake Michigan area for the same period. Over the years from 1983 to 1999, the mean concentration of nitrate plus nitrite in the nearshore area was 0.45 mg/l as N. This suggests that there is a gradient in nitrate plus nitrite concentration from the nearshore area to the open waters of the Lake. The increase in nitrate plus nitrite concentration in the open waters of the Lake suggest continued loading of these nutrients.

During the period of record the mean concentration of organic nitrogen in the Milwaukee Harbor estuary was 0.75 mg/l as N. This parameter showed considerable variability with concentrations ranging from undetectable to 16.04 mg/l as N. The mean concentrations of organic nitrogen during the period of record in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within the estuary were 0.58 mg/l as N, 0.74 mg/l as N, and 0.86 mg/l as N, respectively. During most periods, the mean concentration of organic nitrogen in the Milwaukee River portion of the estuary was greater than the mean concentrations of organic nitrogen in the Kinnickinnic River and Menomonee River portions of the estuary. In addition, the mean concentration of organic nitrogen in the Menomonee River portion of the estuary was greater than the mean concentration of organic nitrogen in the Kinnickinnic River portion of the estuary. During the period of record the mean concentration of organic nitrogen in the outer harbor was 0.54 mg/l as N. This parameter showed considerable variability with concentrations ranging from undetectable to 10.09 mg/l as N. During the period of record, the mean concentration of organic nitrogen in the nearshore Lake Michigan area was 0.38 mg/l as N. Concentrations in individual samples varied between the limit of detection and 7.4 mg/l as N. While few time-based trends were detected in organic nitrogen concentrations in the estuary, statistically significant trends toward increasing organic nitrogen concentrations over time were detected at several sampling stations in the outer harbor (Table 37). For the most part, only a few time-based trends in organic nitrogen concentrations were detected at stations outside the breakwall in the outer harbor survey or in the nearshore survey. Organic nitrogen concentrations at some stations in the estuary, outer harbor, and nearshore area were positively correlated with concentrations of total nitrogen and total phosphorus.

Several processes can influence the concentrations of nitrogen compounds in a waterbody. Primary production by plants and algae will result in ammonia and nitrate being removed from the water and incorporated into cellular material. This effectively converts the nitrogen to forms which are detected only as total nitrogen. Sinking of algal cells and detritus out of the epilimnion effectively makes the nitrogen in these particles unavailable for supporting algal growth. Decomposition of organic material in sediment can release nitrogen compounds to the overlying water. Bacterial action may convert some nitrogen compounds into others.

Several things emerge from this analysis of nitrogen chemistry in the Milwaukee Harbor estuary, outer harbor and nearshore Lake Michigan area:
· Concentrations of total nitrogen have increased at several stations in the estuary, outer harbor, and nearshore area. This represents a decrease in water quality.

· The relative proportions of different nitrogen compounds in the estuary, outer harbor, and nearshore area seem to be changing with time.

· Ammonia concentrations at all sampling stations in the estuary and outer harbor and several sampling stations in the nearshore area have decreased over time. This represents an improvement in water quality.

· Concentrations of nitrate have increased at most stations in the estuary and outer harbor and several stations in the nearshore area. This appears to account for at least some of the increase in total nitrogen concentrations. This represents a decrease in water quality.

· Concentrations of organic nitrogen have increased at a few stations in the estuary and several stations in the outer harbor.
· The simultaneous increase in nitrate concentrations and decrease in ammonia concentrations may reflect an increase in the rate of microbial conversion of ammonia to nitrate in the estuary, outer harbor, and nearshore area.
· Concentrations of nitrate plus nitrite were higher in the nearshore area than in the open waters of Lake Michigan.

Total and Dissolved Phosphorus

Two forms of phosphorus are commonly sampled in surface waters: dissolved phosphorus and total phosphorus. Dissolved phosphorus represents the form that can be taken up and used for growth by algae and aquatic plants. Total phosphorus represents all the phosphorus contained in material dissolved or suspended within the water, including phosphorus contained in detritus and organisms and attached to soil and sediment.

The mean concentration of total phosphorus in the Milwaukee Harbor estuary during the period of record was 0.115 mg/l, and the mean concentration of dissolved phosphorus in the estuary over the period of record was 0.041 mg/l. Total phosphorus concentrations varied over four orders of magnitude, ranging from 0.002 to 3.000 mg/l. Dissolved phosphorus concentrations varied over three orders of magnitude from 0.004 to 0.647 mg/l. The mean concentrations of total phosphorus during the period of record in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within the estuary were 0.092 mg/l, 0.117 mg/l, and 0.126 mg/l, respectively. The mean concentrations of dissolved phosphorus during the period of record in the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers within the estuary were 0.033 mg/l, 0.042 mg/l, and 0.044 mg/l, respectively. It is important to note that at all stations during all periods, total phosphorus concentrations in a substantial fraction of samples exceeded the planning standard of 0.1 mg/l recommended in the initial regional water quality management plan. On an annual basis, trends toward decreasing total phosphorus concentrations over time were detected at several sampling stations in the estuary (see Appendix C in SEWRPC Technical Report No. 39). While these trends represent an improvement in water quality, they mask increases in total phosphorus concentrations at most sampling stations during the period 1998-2002. Dissolved phosphorus concentrations show a different pattern of time-based trends. Trends toward dissolved phosphorus concentrations increasing over time were detected at five stations in the estuary. These trends represent a decline in water quality. It is important to note that many of these trends account for small portions of the variation in the data.

The mean concentration of total phosphorus in the outer harbor during the period of record was 0.056 mg/l, and the mean concentration of dissolved phosphorus in the outer harbor over the period of record was 0.022 mg/l. Total phosphorus concentrations varied over four orders of magnitude, ranging from below the limit of detection to 3.880 mg/l. Dissolved phosphorus concentrations varied over four orders of magnitude from below the limit of detection to 1.330 mg/l. Figure 37 shows concentrations of total phosphorus at sampling stations along transects 
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through the outer harbor and the nearshore area. Concentrations of total phosphorus were higher at sampling stations in the outer harbor than at sampling stations outside the breakwall. At all sampling stations in and adjacent to the outer harbor, concentrations of total phosphorus decreased from the 1975-1986 period through the 1994-1997 period. During the period 1998-2004, concentrations of total phosphorus at stations in the outer harbor and at stations located at gaps in the breakwall increased. Despite these recent increases, statistically significant trends toward decreasing total phosphorus concentration were detected at several sampling stations (Table 37). These trends account for only a small portion of the variation in the data. While the long-term decrease in total phosphorus indicates that water quality has improved since 1975, the recent increases indicate that water quality may currently be declining.

The mean concentration of total phosphorus in the nearshore Lake Michigan areas during the period of record was 0.0317 mg/l, and the mean concentration of dissolved phosphorus in the nearshore Lake Michigan areas over the period of record was 0.0147 mg/l. Total phosphorus concentrations ranged from below the limit of detection to 3.88 mg/l. Dissolved phosphorus concentrations ranged from below the limit of detection to 10.00 mg/l. At nearshore survey stations located in or near the outer harbor (i.e., NS-12, NS-14, NS-28) and close to shore (i.e., NS-04), concentrations of total phosphorus decreased over time. At stations farther out into Lake Michigan, total phosphorus concentrations increased over time. Regression analysis detected statistically significant trends toward increasing total phosphorus concentrations over time at several stations in the nearshore Lake Michigan area (see Table 37). It is likely that some of the regression results are spurious, probably due to the presence of outliers in some samples. Alternatively, these may reflect actual trends toward increasing total phosphorus concentrations in Lake Michigan.

Figure 38 shows the annual mean total phosphorus concentrations in the Milwaukee Harbor estuary for the years 1986 to 2002 and the outer harbor and adjacent areas of Lake Michigan for the years 1985-2004. While mean annual total phosphorus concentrations in the estuary and outer harbor from the years after 1996 were within the 
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range of variation from previous years, they increased after 1996 and remained elevated. While mean annual total phosphorus in the adjacent Lake Michigan area did increase after 1996, it has fluctuated considerably since and probably largely represents natural variation rather than a sustained increase. One possible cause of the increase in the estuary and outer harbor was phosphorus loads from facilities discharging noncontact cooling water drawn from municipal water utilities. The City of Milwaukee, for example, began treating its municipal water with orthophosphate to inhibit release of copper and lead from pipes in the water system and private residences in 1996. In 2004, for instance, concentrations of orthophosphate in plant finished water from the Milwaukee Water Works ranged between 1.46 mg/l and 2.24 mg/l,
 considerably above average concentrations of total phosphate in the Milwaukee Harbor estuary and outer harbor. In addition, between 1992 and 2003, a number of other municipalities in the greater Milwaukee watersheds began treating their municipal water with orthophosphate or polyphosphate for corrosion control.

Dissolved phosphorus concentrations in the estuary were negatively correlated with concentrations of chlorophyll-a. Concentrations of total phosphorus were positively correlated with concentrations of total nitrogen and negatively correlated with concentrations of dissolved oxygen. These correlations reflect the roles of phosphorus and nitrogen as nutrients for algal growth. During periods of high algal productivity, algae remove dissolved phosphorus and nitrogen compounds from the water and incorporate them into cellular material. At the same time, respiratory demands of bacteria degrading the organic matter produced will tend to lower concentrations of dissolved oxygen. Concentrations of total phosphorus at stations in the estuary are positively correlated with concentrations of fecal coliform bacteria. This may reflect common sources and modes of transport into the estuary for these pollutants. Concentrations of total phosphorus in the outer harbor were positively correlated with dissolved phosphorus and total nitrogen and negatively correlated with Secchi depth. Concentrations of dissolved and total phosphorus can also be affected by sedimentation of particulate material and release of dissolved phosphorus from the sediment.
Metals

Arsenic

The mean concentration of arsenic in the water of the Milwaukee Harbor estuary over the period of record was 1.69 μg/l. The data ranged from below the limit of detection to 51.00 μg/l. When examined on an annual basis, statistically significant trends toward arsenic concentrations decreasing over time were detected at most stations in the estuary (see Appendix C in SEWRPC Technical Report No. 39). This may reflect changes in the amount and types of industry within the Milwaukee River watershed such as the loss of tanneries which utilized arsenic in the processing of hides. In addition, sodium arsenite has not been used as an herbicide in Wisconsin since 1969. The mean concentration of arsenic over the period of record in the outer harbor was 1.93 μg/l. Concentrations in individual samples ranged from below the limit of detection to 57.00 μg/l. Significant trends toward arsenic concentrations increasing over time were detected at several stations in the outer harbor and outside the breakwall (Table 37). The mean concentration of arsenic in the nearshore Lake Michigan waters over the period of record was 1.91 μg/l. The data ranged from below the limit of detection to 13.00 μg/l. Increasing concentrations of arsenic over time were detected at most of the stations examined in MMSD’s nearshore survey (Table 37). At several stations, these trends accounted for a substantial portion of the variation in the data. These increases in the nearshore area may be influencing concentrations in the outer harbor. The reductions in arsenic concentration in the Milwaukee Harbor estuary represent an improvement in water quality. The trends toward increasing concentrations of arsenic in the outer harbor and nearshore area represent a reduction in water quality.

Cadmium

The mean concentration of cadmium in the Milwaukee Harbor estuary over the period of record was 1.62 μg/l. Concentrations in individual samples ranged from below the limit of detection to 27.0 μg/l. The mean concentration of cadmium in the outer harbor over the period of record was 1.79 μg/l. Concentrations in individual samples ranged from below the limit of detection to 82.0 μg/l. The mean concentration of cadmium in the nearshore Lake Michigan area was 2.06 μg/l. Concentrations in individual samples ranged from below the limit of detection to 82.0 μg/l. Statistical analysis revealed the presence of strong decreasing trends in cadmium concentration over time at all stations in the estuary, outer harbor, and nearshore areas (Table 37, for the estuary see Appendix C in SEWRPC Technical Report No. 39). The declines in cadmium concentration may reflect changes in the number and types of industry present in the watershed, reductions due to treatment of industrial discharges, and reductions in airborne deposition of cadmium to the Great Lakes region. The reduction in cadmium concentrations in the estuary, outer harbor, and nearshore area represents an improvement in water quality.

Chromium

The mean concentration of chromium in the Milwaukee Harbor estuary over the period of record was 15.0 μg/l. Chromium concentration showed moderate variability, with individual sample concentrations ranging from below the limit of detection to 8,866.4 μg/l. No statistically significant differences were detected among the mean concentrations of chromium in the Kinnickinnic River, Menomonee River, and Milwaukee River portions of the estuary. The mean concentration of chromium in the outer harbor over the period of record was 12.0 μg/l. Concentrations in individual samples ranged from below the limit of detection to 520.0 μg/l. The mean concentration of chromium in the nearshore Lake Michigan area over the period of record was 9.7 μg/l. Concentrations in individual samples ranged from below the limit of detection to 920.0 μg/l. Statistically significant trends toward chromium concentrations decreasing over time were detected at most sampling stations in the estuary, outer harbor, and nearshore area (Table 37, for the estuary see Appendix C in SEWRPC Technical Report No. 39). These declines in chromium concentrations may reflect the loss of industry in some parts of the Kinnickinnic River, Menomonee River, and Milwaukee River watersheds and the decreasing importance of the metal plating industry in particular, as well as the treatment of discharges for the remaining and new industries since the late 1970s. There is no evidence of seasonal variation in chromium concentrations in the estuary, outer harbor, or nearshore area. The decline in chromium concentrations represents an improvement in water quality.

Copper

The mean concentration of copper in the Milwaukee Harbor estuary during the period of record was 10.66 μg/l. Concentrations varied from below the limit of detection to 413.00 μg/l. At all sampling stations in the estuary, copper concentrations increased over time, reaching their highest levels during the period 1994-1997. Copper concentrations were lower during the period 1998-2004 than during the period 1994-1997. Statistically significant trends toward copper concentrations increasing over time were detected at most sampling stations in the estuary. The mean concentration of copper during the period of record in the outer harbor was 8.21 μg/l. Concentrations in individual samples ranged from below the limit of detection to 379.00 μg/l. Figure 39 shows copper concentrations at sampling stations along a transect through the outer harbor. Copper concentrations at these stations followed the same pattern as copper concentrations at stations in the estuary, increasing over time and reaching their highest levels during the period 1994-1997 and then declining during the period 1998-2004. The mean concentration of copper in the nearshore Lake Michigan areas during the period of record was 7.03 μg/l. Concentrations varied from below the limit of detection to 260.00 μg/l. At most stations, median (and mean) copper concentration increased from 1975 through 1997. Copper concentrations declined during the period 1998-2004. Few statistically significant time-based trends were detected in copper concentrations in the outer harbor or nearshore area (Table 37). Where trends were detected, they tended to be trends toward increasing concentrations. Despite the overall increasing trend, the decreases in copper concentrations in the estuary, outer harbor, and nearshore area since 1997 represent improvements in water quality.

Lead

The mean concentrations of lead in the Milwaukee Harbor estuary, outer harbor, and nearshore area over the period of record were 31.25 μg/l, 34.7 μg/l, and 38.9 μg/l, respectively. These means are not representative of current conditions because lead concentrations in these surface waters have been decreasing since the late 1980s. At all sampling stations for which sufficient data exist to assess trends in lead concentrations, baseline period mean lead concentrations are quite low when compared to historical means and ranges. The mean concentration of lead in the estuary during the period 1998-2002 was 5.35 μg/l. The mean concentration of lead in the outer harbor during the period 1998-2004 was 1.88 μg/l. The mean concentration of lead in the nearshore area during the period 1998-2004 was 0.50 μg/l. These decreases in lead concentration represent statistically significant trends 

 (Table 37, for the estuary see Appendix C in SEWRPC Technical Report No. 39). A major factor causing the decline in lead concentrations has been the phasing out of lead as a gasoline additive. From 1983 to 1986, the amount of lead in gasoline in the United States was reduced from 1.26 grams per gallon (g/gal) to 0.1 g/gal. In addition, lead was completely banned for use in fuel for on-road vehicles in 1995. The major drop in lead in water in the estuary, outer harbor, and nearshore area followed this reduction in use. In freshwater, lead has a strong tendency to adsorb to particulates suspended in water.
 As these particles are deposited, they carry the adsorbed lead into residence in the sediment. Because of this, the lower concentrations of lead in the water probably reflect the actions of three processes: reduction of lead entering the environment, washing out of lead from the estuary and outer harbor into Lake Michigan, and deposition of adsorbed lead in the sediment. The decrease in lead concentrations over time in the estu​ary, outer harbor, and nearshore area represents an improvement in water quality.

Mercury

Few historical data on the concentration of mercury in the waters of the Milwaukee Harbor estuary, outer harbor, and nearshore Lake Michigan exist. Most sampling for mercury in water was conducted in the estuary during or after 1995 and in the outer harbor and nearshore area during or after 1997. The mean concentration of mercury in the estuary over the period of record was 0.0535 μg/l. Mercury concentrations in the estuary showed moderate variability, with a range from below the limit of detection to 2.10 μg/l. The mean concentration of mercury in the outer harbor over the period of record was 0.0156 μg/l. Concentrations of mercury in individual samples ranged from below the limit of detection to 0.220 μg/l. The mean concentration of mercury in the nearshore area over the period of record was 0.010 μg/l, with a range from below the limit of detection to 0.220 μg/l. It is important to note that the mean concentration in the nearshore area is about 30 times higher than the mean concentration for total mercury reported for offshore areas of Lake Michigan.
 When examined on an annual basis, significant trends toward decreasing mercury concentrations were detected at all stations in the estuary (see Appendix C in SEWRPC Technical Report No. 39) and one station in the outer harbor (Table 37). In addition, a significant trend toward decreasing mercury concentration over time was detected at a second station in the outer harbor when the data were analyzed on a seasonal basis. The concentrations of mercury in several samples in the estuary and outer harbor exceed both the State of Wisconsin’s wildlife criteria for surface water of 0.0013 μg/l and Wisconsin’s human threshold criteria for public health and welfare of 0.0015 μg/l. The trends toward decreasing mercury concentrations at stations in the estuary and outer harbor represent improvements in water quality.

Nickel

The mean concentration of nickel in the Milwaukee Harbor estuary over the period of record was 13.3 μg/l. Concentrations in individual samples ranged from below the limit of detection to 3,810.8 μg/l. No statistically significant differences were found among mean concentrations in these three sections of the estuary. The mean concentration of nickel over the period of record in the outer harbor was 6.6 μg/l. Concentrations in individual samples ranged from below the limit of detection to 97.0 μg/l. The mean concentration of nickel over the period of record in the nearshore Lake Michigan area was 6.8 μg/l. Concentrations in individual samples ranged from below the limit of detection to 97.0 μg/l. When examined on an annual basis, significant decreases over time were observed at several sampling stations in the estuary, and all stations in the outer harbor and nearshore area (Table 37, for the estuary see Appendix C in SEWRPC Technical Report No. 39). The trends toward decreasing nickel concentration in the estuary and outer harbor may reflect changes in the amount and types of industry within the Kinnickinnic River, Menomonee River, and Milwaukee River watersheds. The decreases in nickel concentrations in the estuary, outer harbor, and nearshore area represent an improvement in water quality.

Zinc

The mean concentration of zinc in the Milwaukee Harbor estuary during the period of record was 23.7 μg/l. Concentrations in individual samples ranged from 4.3 μg/l to 376.5 μg/l. Statistically significant trends toward zinc concentrations increasing over time were detected at most stations in the estuary (see Appendix C in SEWRPC Technical Report No. 39). At several stations, these trends account for a small portion of the variation in the data. The mean concentration of zinc over the period of record in the outer harbor was 14.4 μg/l. Concentrations in individual samples ranged from below the limit of detection to 160.0 μg/l. Figure 40 shows zinc concentrations at sampling stations along transects through the outer harbor and nearshore area. Zinc concentrations tended to be higher at stations in the outer harbor than at stations outside the breakwall. At most stations in the outer harbor, zinc concentrations have increased over time. At some sampling stations these increases represent statistically significant trends (Table 37). These trends account for a small portion of the variation in the data. The higher concentrations of zinc in the estuary and outer harbor may reflect higher amounts of zinc washing into the Kinnickinnic, Menomonee, and Milwaukee Rivers during snowmelt and spring rains. Wear and tear on automobile brake pads and tires are major sources of zinc in the environment. In addition, zinc can be released to stormwater by corrosion of galvanized gutters and roofing materials. Stormwater can carry zinc from these sources into streams. The mean concentration of zinc in the nearshore Lake Michigan areas during the period of record was 11.2 μg/l. Concentrations in individual samples ranged from below the limit of detection to 230.0 μg/l. At most stations, zinc concentrations increased after 1986. They then decreased either after 1993 or after 1997. Despite recent decreases in zinc concentrations, statistically significant trends toward increasing concentrations of zinc over the 1975 through 2004 time period were detected at several stations in the nearshore area (Table 37). There is no evidence of seasonal variation in the concentration of zinc in the nearshore areas. The trends toward increasing zinc concentrations in the estuary, outer harbor, and nearshore Lake Michigan areas represent a reduction in water quality.

Organic Compounds

On 11 dates between February 2004 and August 2005, the USGS examined water samples collected from six sites in the Milwaukee outer harbor and adjacent areas of Lake Michigan for the presence of several organic compounds dissolved in water. The flame retardant tri(2-butylethyl) phosphate was commonly detected in these samples. Several compounds were occasionally detected including the flame retardants tri(2-chloroethyl) phosphate, tri(dichloroisopropyl) phosphate, and tributyl phosphate; the solvent isophorone; the plasticizer triphenyl phosphate; the dye component carbazole; and the nonionic detergent metabolites p-nonylphenol and diethoxynonylphenol. These last two compounds are known to be endocrine disruptors.

Pharmaceuticals and Personal Care Products

On 11 dates between February 2004 and August 2005, the USGS examined water samples collected at six sites in the Milwaukee outer harbor and adjacent areas of Lake Michigan for the presence of several compounds found in pharmaceuticals and personal care products. Commonly detected compounds included the stimulant caffeine, the insect repellant DEET, and the nicotine metabolite cotinine. Compounds occasionally detected included the fragrances and flavoring agents acetophenone; AHTN, camphor, HHCB, and menthol; the perfume fixative 

Figure 40

CONCENTRATION OF ZINC AT SITES IN THE MILWAUKEE OUTER
HARBOR AND ADJACENT LAKE MICHIGAN AREA: 1975-2004
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benzophenone; the cosmetic component triethyl citrate; the deodorizer 1,4-dichlorobenzene; and the sterol cholesterol. The sources of these compounds to the outer harbor and Lake Michigan are not known. A recent study also detected the presence of several synthetic musk compounds in water samples collected from Lake Michigan offshore from Milwaukee.
 A lakewide mass budget indicated that wastewater treatment plants were the major source of these compounds to the Lake.
Water Quality at Lake Michigan Beaches

While Wisconsin does not have a statewide mandatory monitoring program for Great Lakes public beaches, a number of Lake Michigan communities, including the Cities of Milwaukee and Racine, have monitored the water quality of their beaches for decades. In 2003, with annual grants available through the Federal Beach Act of 2000, the WDNR began the implementation of the Wisconsin Beach Monitoring Program, a collaborative effort between State and local environmental and health agencies to monitor recreational waters for health risks. The WDNR coordinates the program, but the local health departments have authority over public beaches within their jurisdictions. In 2005, the City of Milwaukee Health Department, the City of Racine Health Department, the Shorewood/Whitefish Bay Health Department, the South Milwaukee Health Department, and the North Shore Health Department participated in the program. The latter agency serves the City of Glendale and the Villages of Brown Deer, Fox Point, and River Hills. In addition, the Ozaukee County Health Department also participated, though they did not monitor any public beaches within the Lake Michigan direct drainage area. More information on the Wisconsin Beach Monitoring Program is given in SEWRPC Technical Report No. 39.

Agencies participating in the Wisconsin Beach Monitoring Program use E. coli as an indicator of fecal pollution in recreational waters. All warm-blooded animals have E. coli in their feces. Because of this, the presence of high concentrations of E. coli indicates a high probability of the presence of fecal contamination and the possible presence of pathogens related to fecal contamination. While the presence of high concentrations of E. coli does not necessarily indicate the presence of pathogenic agents, E. coli is generally found when the pathogenic agents are found.

For beaches monitored under the Wisconsin Beach Monitoring Program, advisories are issued and beaches are closed when standards developed by the USEPA in the late 1970s are exceeded.
 Water quality advisories are issued for beaches whenever the concentration of E. coli in a single sample exceeds 235 cells per 100 ml or when the geometric mean of at least five samples taken over a 30-day period exceeds 126 cells per 100 ml. Beaches are closed whenever the concentration of E. coli in water exceeds 1,000 cells per 100 ml. Beaches are also closed after a significant rainfall event that is determined to impact the beach area, after a major pollution event where there is the potential for E. coli to exceed the standard, or whenever a human health hazard exists as determined by the local health department.

The Wisconsin Beach Monitoring Program has implemented a tiered monitoring approach to sampling requirements for monitored beaches. Monitoring requirements vary depending on whether a beach is considered high, medium, or low priority. In 2005, high priority beaches were required to be sampled at least four times per week during the swimming season. This requirement was increased to five times per week in 2006. In both of these years, medium priority beaches were required to be sampled at least two times per week. The sampling frequency at low priority beaches is determined on a case-by-case basis by State and local authorities, taking into account resource constraints and risk factors at each low priority beach.

Map 28 shows the public beaches along Lake Michigan in the Lake Michigan direct drainage area. In 2000, concentrations of E. coli were monitored at seven out of 20 beaches in this area. By 2005, the number of monitored beaches in the area increased to 12. Six of the beaches monitored in 2005 were considered high priority beaches. The other monitored beaches in the area were considered medium priority.

Beach Closures and Water Quality Advisories

Figure 41 shows the number of days that Lake Michigan beaches were closed or under water quality advisories during the years 1999-2005. Combining closings and advisories into one measure gives a more representative measure of beach water quality because, prior to the standardization that accompanied implementation of the Wisconsin Beach Monitoring Program in 2003, different jurisdictions used different standards and criteria for closing beaches. The mean number of days per beach season that individual beaches were closed or under a water quality advisory was 21.7. There was considerable variation among beaches as to how often they were closed or under a water quality advisory. For example, Bay View Park Beach had a mean number of days per beach season of closure or advisory of 4.0 over the years 2004-2005. Similarly, Bender Park Beach had a mean number of days per beach season of closure or advisory of 7.7 over the years 2003-2005. By contrast, South Shore Beach had a mean number of days per beach season of closure or advisory of 54.2 over the years 2000-2005. Three beaches, Bradford Beach, McKinley Beach, and South Shore Beach, showed marked increases in the number of days of closure or advisory after 2003. By contrast, Atwater Beach and Klode Park Beach showed decreases in the number of days of closure or advisory after 2002. After 2002, decreases were also seen at Watercraft and Grant Park Beaches, although the numbers of closings in 2005 at these beaches were similar to the numbers in 2001.
Figure 42 shows E. coli concentrations at 12 Lake Michigan beaches and the rocky site at South Shore Beach. At every monitored beach, the single sample standard for issuing advisories of 235 cells per 100 ml was exceeded in each year for which data exist. At some beaches, the proportion of samples exceeding this standard was quite high. For example, in every year except 2003, E. coli concentrations at South Shore Beach exceeded this standard in 50 percent or more of the samples collected. The single sample standard for beach closure of 1,000 cells per 100 ml was also often exceeded. At most beaches, it was exceeded at least once in most years for which data are 


Map 28

MONITORING OF BEACHES WITHIN THE AREA DIRECTLY TRIBUTARY TO LAKE MICHIGAN: 2000-2005

Figure 41

CLOSINGS AND ADVISORIES AT LAKE MICHIGAN BEACHES: 2000-2005
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available. A few trends were apparent in the data. At most beaches, median E. coli concentrations were lower in 2005 than in 2004. There were three exceptions to this generalization. Median E. coli concentrations at Doctors Park Beach, the rocky site at South Shore beach, and Bender Park Beach in 2005 were similar to, or higher than, median concentrations in 2004. At four beaches, Atwater Beach, Bradford Beach, McKinley Beach, and Bender Park Beach, concentrations of E. coli have increased over time. By contrast concentrations of E. coli at Klode Park Beach appear to have decreased. No trends over time were apparent at Doctors Park Beach, South Shore Beach, Grant Park Beach, Zoo Beach, or North Beach. At South Shore Beach, concentrations of E. coli at the shoreline were compared to concentrations 10 meters and 150 meters offshore. On both dry and rainy days, concentrations at the shoreline were higher than concentrations offshore.

Figure 42

CONCENTRATIONS OF E. COLI AT LAKE MICHIGAN BEACHES: 1999-2005
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Sources of Bacterial Contamination to Lake Michigan Beaches

Several potential sources of contamination have been suggested as contributing to the high concentrations of E. coli detected at Lake Michigan beaches. The potential sources of contamination cited include overflows from combined and sanitary sewers, discharges of stormwater from outfalls near beaches, runoff from parking lots and other impervious areas adjacent to beaches, mobilization of E. coli from reservoirs in sand and sediment, contributions of E. coli from wildlife visiting or residing at beaches or in adjacent areas, and mobilization from reservoirs in algal mats on beaches or in nearshore waters. It is important to note that beach closings and advisories are not always related to elevated bacteria concentrations. When they are, the source of the bacteria causing the closing or advisory is not always obvious. More-detailed information about sources of bacterial contamination to Lake Michigan beaches is given in SEWRPC Technical Report No. 39.
High concentrations of E. coli and the resulting water quality advisories and beach closures have popularly been attributed to overflows from combined and separate sanitary sewers. Several lines of evidence suggest that while sewer overflows can affect water quality at some of the Lake Michigan beaches, they may not currently be the major factor driving trends in beach water quality. First, there was not a strong correspondence between timing of overflows and timing of beach closings and advisories. Figure 43 compares the timing of beach advisories at three Milwaukee beaches during 2000 to rainfall and combined sewer overflow events. In the figure, overflow events are indicated by gray shading, rainfall is indicated by blue bars, and the number of beaches closed or under water quality advisory is indicated by green dots. The timing of most beach water quality advisories in 2000 did not correspond to the timing of overflow events. Beach advisories occurred consistently throughout the season. In addition, some periods with high numbers of advisories occurred several weeks after the most recent overflow event. Given that E. coli die off fairly rapidly in Lake Michigan water, it is unlikely that the bacteria triggering these closures were contributed by overflows. Second, while surveys of E. coli taken in the inner and outer harbors and adjacent areas of Lake Michigan during CSO events did indicate some impact of those events on South Shore Beach, they showed little impact of CSO on E. coli concentrations at Bradford, McKinley, and Watercraft Beaches.
 These surveys also found that E. coli during overflow events could not be detected at concentrations above 10 cells per 100 ml at distances greater than 3.1 miles from the harbor breakwall, suggesting that the impact of inputs from the harbor, including the impacts of CSOs and SSOs may be limited to those beaches that are relatively close to the harbor. Third, the results of a modeling study suggest that many of closures and advisories at Bradford, McKinley, and South Shore Beaches derived from other causes than inputs from the Rivers and overflow events.
 In several instances the study found that the concentrations of bacteria predicted by the model based inputs of bacteria from the Kinnickinnic, Menomonee, and Milwaukee Rivers, CSOs, SSOs, and wastewater treatment plants were less than the observed concentrations, suggesting that the observed concen​trations were strongly influenced by locally derived sources not accounted for in the model. The study concluded that bacterial loads from the Rivers and from overflows can have impacts at Bradford, McKinley, and South Shore Beaches; however, these impacts are related to short-duration storm and overflow events and have a time period on the order of five days.

Inputs of stormwater from outfalls discharging over or near beaches can affect water quality at beaches. High concentrations of E. coli have been detected in discharges from stormwater outfalls over or near some Lake Michigan beaches.
 Similarly, runoff from parking lots and other paved surfaces near beaches can contribute bacteria and other pollutants that affect water quality at beaches. High concentrations of E. coli have been detected in samples of runoff collected from parking lots at some Lake Michigan Beaches.

Reservoirs of bacteria in beach sand and sediment may also act as sources of bacteria to water at swimming beaches. Concentrations of E. coli detected in foreshore sands at beaches have been reported to be 10 to 1,000 


Figure 43

MILWAUKEE AREA BEACH ADVISORIES: 2000
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times higher than concentrations in beach waters.
 High concentrations of E. coli in sand are associated with several factors including the amount of moisture in the sand, the presence of stormwater discharge over the beach,
 and the particular beach grooming techniques used.
 Altering mechanical grooming techniques to provide deeper grooming and omitting the finishing process can reduce concentrations in foreshore sand.
 When reservoirs of bacteria are present in beach sand, wave action can draw these microorganisms out into the water.
 It is important to note that bathers at beaches spend considerable time directly exposed to beach sand. Even if beach sands contribute relatively small amounts of bacteria to beach waters, concentrations of bacteria in the sand may pose a risk of infection to bathers.

Fecal material from waterfowl may be a source of bacterial contamination to beach sand and water. While several species have been suggested as potentially contributing to decreases in beach water quality, ring-billed gulls are a particular species of concern. Several beaches in the study area serve as roosting areas for ring-billed gulls. Ring-billed gull feces have been shown to contain high concentrations of bacteria species used as water quality indicators.
 Studies have shown correlations between gull counts at beaches and concentrations of E. coli in beach water and sand.
 Finally, ring-billed gull feces have been shown to contain species and strains of bacteria known to be pathogenic to humans.

The presence of mats of filamentous algae may also contribute bacterial contamination to Lake Michigan beaches. High concentrations of bacterial indicators of fecal contamination in swimming waters and beach sand have been associated with the presence of algal mats, particularly Cladophora.
 In addition, some studies suggest that water quality indicator bacteria are able to persist for long periods and perhaps multiply in algal mats.

Synthesis
There is continuing public concern about water quality at public beaches along Lake Michigan. Conditions as measured by the number of closings and advisories improved at some beaches, such as North Beach and Zoo Beach (Figure 41). By contrast, at some other beaches, such as Bradford Beach, McKinley Beach, and South Shore Beach, water quality is declining or remains poor. Local sources of contamination appear to be important determining factors of water quality at Lake Michigan beaches. Factors such as the placement of stormwater outfalls relative to beaches and swimming areas, locations of impervious surfaces such as parking lots, and the presence of wildlife can exert a strong influence on beach water quality and appear to be contributing to the number of water quality advisories and beach closings at some beaches in the Lake Michigan direct drainage area. It is important to note that water quality indicator organisms, such as E. coli, contributed by these and other sources can persist in beach sand and mats of Cladophora present on or adjacent to beaches. The presence, concentration, and persistence of indicator bacteria in beach sand can be affected by the particular methods of beach grooming used. In any case, precipitation and wave action may mobilize indicator bacteria present in sand or algal mats to beach water. The persistence of pathogens in beach sand and Cladophora mats is poorly understood. To the extent that persistence of indicator bacteria in sand and Cladophora mats does not reflect persistence of pathogens, the persistence of indicator bacteria in these places may reduce the strength of the relationship between indicator organisms, such as E. coli, and actual pollution, potentially complicating beach-monitoring efforts through releases of E. coli that elevate concentrations in water at times when fecal contamination is not present. It is important to note, however, that issuance of beach advisories and closings under these circumstances errs on the side of being protective of human health.

toxicity CONDITIONS of THE greater MILWAUKEE WATERSHEDs

Much, though not all, of the data on toxic contaminants in the greater Milwaukee watersheds is related to four sites with contaminated sediments: the Moss-American USEPA Superfund site on the Little Menomonee River in the Menomonee River watershed, the Cedar Creek USEPA Superfund site in the Milwaukee River watershed, Estabrook Impoundment on the Milwaukee River in the Milwaukee River watershed, and the Milwaukee Estuary Area of Concern (AOC) in the Milwaukee River estuary, outer harbor, and adjacent Lake Michigan area.

The Moss-American USEPA Superfund site is located on Granville Road, west of the Little Menomonee River. It was formerly the location of a wood preserving facility. From 1921 to 1976, the facility treated railroad ties with creosote for preservation. Until 1971, wastes from this operation were discharged into settling ponds which ultimately drained to the Little Menomonee River. Remediation efforts at the Moss-American site and along the Little Menomonee River are ongoing. Between 1995 and 2002, about 3,100 gallons of creosote were removed from ground water associated with the site and about 137,000 tons of soil from the site were treated to remove contaminants. From 2003 to 2005, sections of channel of the Little Menomonee River between W. Brown Deer Road and Leon Terrace were relocated. Current plans call for five sections totaling six miles of the Little Menomonee River to be treated by rerouting the channel, removing and treating the contaminated sediment, filling the old channel, and revegetating the new channel. These remedial efforts represent implementation of recommendations first made in the Commission’s comprehensive plan for the Menomonee River watershed.

The Cedar Creek Superfund site consists of the Mercury Marine Plant 2 on St. John Avenue, the Amcast Facility on Hamilton Road, and Zeunert Pond, all in the City of Cedarburg, and a 5.1 mile segment of Cedar Creek from below the Ruck Pond dam in the City of Cedarburg downstream to the confluence with the Milwaukee River in the Town of Grafton. PCBs from two sources have contaminated Cedar Creek. Mercury Marine, a boat engine manufacturer, operated a plant on St. John Avenue from 1951 to 1982. Fluids containing PCBs leaked from equipment in this plant and were washed into floor drains, which emptied into storm sewers. Those sewers emptied into Ruck Pond and ultimately flowed into the Milwaukee River. Amcast, an automotive industry supplier, operated an aluminum and magnesium die-cast plant on Hamilton Road that discharged PCBs into the Creek via storm sewers. One of those sewers emptied into Hamilton Pond, an impoundment on Cedar Creek. In 1996, as a result of heavy rains and high streamflow, the Hamilton dam failed and was removed. The pond was drained, leaving behind several acres of mud flats containing PCBs. Several remediation efforts have been undertaken at this site. Among these was the removal of about 7,700 cubic yards of contaminated sediment and soil from Ruck Pond. While this removed about 96 percent of the PCB mass from the pond, samples from residual sediment remaining in the pond exhibited an average PCB concentration of 76 mg/kg.
 In addition, about 14,000 tons of contaminated soils were removed from the banks of the former Hamilton Pond.
Estabrook Impoundment is formed by the Estabrook dam on the Milwaukee River. This site contains about 100,000 cubic yards of sediment contaminated with about 5,200 kg of PCBs.
 The site includes the western channel of the Milwaukee River, sections of the mainstem of the Milwaukee River from the confluence with the western channel downstream to Estabrook dam, and Lincoln Creek from Green Bay Road to the confluence with the Milwaukee River. A study of PCB transport in the Milwaukee River watershed estimated that, through resuspension of sediment and dissolution of PCBs stored in sediment, this impoundment increases annual mass transport of PCBs in the Milwaukee River from about 5 kg to about 15 kg.
 The source of the PCBs in this impoundment is not known; however, the mixture of PCB congeners found at this site contains a greater proportion of lighter, less chlorinated congeners than those found at sites along Cedar Creek or at upstream sites along the mainstem of the Milwaukee River, suggesting that these contaminants may have entered the watershed through Lincoln Creek.

The Milwaukee Estuary Area of Concern (AOC) includes the Milwaukee River downstream from the site of the former North Avenue dam, the Menomonee River downstream from S. 35th Street, the Kinnickinnic River downstream from S. Chase Avenue, the inner and outer harbors, and the nearshore waters of Lake Michigan bounded by a line extending north from Sheridan Park to the intake from the City of Milwaukee’s Linnwood water treatment plant. It is one of 43 sites in the Great Lakes area targeted for priority attention under the U.S.‑Canada Great Lakes Water Quality Agreement (Annex 2 of the 1987 Protocol) due to impairment of beneficial use of the area's ability to support aquatic life. Eleven beneficial use impairments have been identified in the Milwaukee Estuary AOC including restrictions of fish and wildlife consumption, degradation of fish and wildlife populations, fish tumors or other deformities, bird or animal deformities or reproductive problems, degradation of benthos, restrictions on dredging activities, eutrophication or undesirable algae, beach closings, degradation of aesthetics, degradation of phytoplankton and zooplankton populations, and loss of fish and wildlife habitat.
 While these impairments are the result of many causes, many are related, at least in part, to the presence of toxic substances in water, sediment, and the tissue of organisms.

Toxic Substances in Water

Pesticides

Since the 1970s, streams in the greater Milwaukee watersheds have been sampled for the presence of pesticides in water on several occasions. Most of the sampling was conducted on the mainstems of the major rivers and streams. Few tributaries have been sampled. It is important to note that the results from the samples taken during 2004 in all watersheds and during 1993-2002 in the Milwaukee River watershed are not directly comparable to those from earlier periods. The data from the earlier periods were derived from unfiltered samples which included both pesticides dissolved in water and pesticides contained in and adsorbed to particulates suspended in the water. The data from the later samples were derived from filtered samples and measure only the fraction of pesticides dissolved in water. Since most pesticides are poorly soluble in water, these data may give an underestimate of ambient pesticide concentrations relative to the earlier data.

Since the 1970s, the Kinnickinnic River watershed has been sampled for the presence of pesticides in water on several occasions. There have been four sampling years: 1975, 1984, 1993 and 2004. Sampling during 1975 focused heavily on the insecticides dieldrin, lindane, and DDT and on the metabolites of DDT. In general, the concentrations of these substances were below the limits of detection. In 1984 samples were tested for chlordane, dieldrin, DDT and its metabolites, endosulfan, lindane, and toxaphene. While the concentrations of most of these were below the limit of detection, lindane and toxaphene were each detected in one sample. In 1993, four sites in the estuary were sampled for chlordane isomers. In one sample, measurable concentrations of γ-chlordane were detected. During the 2004 sampling, the insecticides carbaryl and diazinon were occasionally detected as were the herbicide atrazine and its metabolite deethylatrazine. Where detectable concentrations of diazinon and atrazine were reported, they were below the USEPA draft aquatic life criteria.

Since the 1970s, the Menomonee River watershed has been sampled for the presence of pesticides in water on several occasions. There have been three sampling periods: the mid-1970s, the early-1990s, and 2004. Sampling during the 1970s focused heavily on the insecticide DDT and its metabolites. In general, the concentrations of these substances were below the limits of detection. Several pesticides were detected in the sampling conducted during the 1990s including the insecticides DDT, chlordane, endosulfan, lindane, and toxaphene and the herbicides 2,4-D and atrazine. DDT metabolites were also detected. During the 2004 sampling, the insecticides carbaryl and diazinon were occasionally detected as were the herbicide atrazine and its metabolite deethylatrazine. Where detectable concentrations of diazinon and atrazine were reported, they were below the USEPA draft aquatic life criteria. Detectable concentrations of some herbicides were present mostly in May and June, corresponding to the periods during which these pesticides were normally applied.

Since the 1970s, the Milwaukee River has been sampled for the presence of pesticides in water on several occasions. There have been four periods of sampling: 1975-1976, 1982, 1993-2002, and 2004. During 1975 and 1976, water samples from six sites along the mainstem of the Milwaukee River in Milwaukee County were examined for the presence of the insecticides DDT, dieldrin, and lindane and for the DDT metabolites DDD and DDE. In all samples the concentrations of these substances were below the limit of detection. In 1982, three samples collected from the Milwaukee River at Estabrook Park were examined for presence of the herbicide atrazine. Atrazine was detected in all samples at a mean concentration of 0.33 μg/l. During the period 1993-2002, samples collected from the Milwaukee River at Estabrook Park were examined for the presence of several pesticides. The herbicide atrazine and its metabolite deethylatrazine were detected in all samples at mean concentrations of 0.10 μg/l and 0.03 μg/l, respectively. In addition, the atrazine metabolite deisopropylatrazine was detected in all samples that were screened for it. The mean concentration of this compound was 0.02 μg/l. The insecticides carbaryl and diazinon were frequently detected at mean concentrations of 0.014 μg/l and 0.010 μg/l, respectively. The insecticides dieldrin, lindane, and malathion and the DDT metabolite DDE were detected in a few samples at concentrations of 0.011 μg/l, 0.06 μg/l, 0.018 μg/l, and 0.014 μg/l, respectively. In 2004, samples were collected from the mainstem of the Milwaukee River at Pioneer Road, Estabrook Park, and the Jones Island WWTP and examined for the presence of several pesticides. Atrazine and deethylatrazine were detected in all samples that were screened for these compounds at mean concentrations of 0.190 μg/l and 0.055 μg/l, respectively. Carbaryl and diazinon were occasionally detected with mean concentrations of 0.008 μg/l and 0.007 μg/l, respectively. When they were detected in the Milwaukee River, the concentrations of atrazine and diazinon reported were below the USEPA draft aquatic life criteria. The USEPA has not promulgated criteria for the other pesticides that were detected.

Since the 1970s, Lincoln Creek in the Milwaukee River watershed has been sampled for the presence of pesticides in water on several occasions. There have been four periods of sampling: 1975, 1993-1994, 2001 and 2004. The results from the samples taken during 2001 and 2004 are not directly comparable to those from the earlier periods for the reasons given above. During 1975, water samples from three sites along Lincoln Creek were examined for the presence of the insecticides DDT, dieldrin, and lindane and for the DDT metabolites DDD and DDE. In all samples the concentrations of these substances were below the limit of detection. During the period 1993-1994, water samples were collected from Lincoln Creek at N. 47th Street and examined for the presence of several pesticides. Atrazine was occasionally detected with a mean concentration of 0.20 μg/l. The insecticide chlordane was detected in one sample at a concentration of 0.08 μg/l. In 2001, water samples collected from Lincoln Creek at N. 47th Street were examined for the presence of several pesticides. Atrazine was detected in most of the samples, with a mean concentrations of 0.040 μg/l. Deethylatrazine was detected in all samples with a mean concentration of 0.016 μg/l. Diazinon was frequently detected and had a mean concentration of 0.203 μg/l. Carbaryl, deisopropylatrazine, and malathion were each detected in one sample at concentrations of 0.035 μg/l, 0.008 μg/l, and 0.127 μg/l, respectively. In 2004, water samples collected from Lincoln Creek at N. 47th Street were examined for the presence of several pesticides. Atrazine, carbaryl, deethylatrazine, and diazinon were each detected in one sample at concentrations of 0.148 μg/l, 0.004 μg/l, 0.046 μg/l, and 0.009 μg/l. When they were detected in Lincoln Creek, the concentrations of atrazine and diazinon reported were below the USEPA draft aquatic life criteria. The USEPA has not promulgated criteria for the other pesticides that were detected.

Relatively few data are available on concentrations of pesticides in water in other tributaries to the Milwaukee River. In 1993, samples were collected from Batavia Creek, Chambers Creek, Gooseville Creek, the Lake Ellen Outlet, Melius Creek, Nichols Creek, and the North Branch of the Milwaukee River and examined for the presence of atrazine and deethylatrazine. Both of these compounds were found in all of the samples. Concentrations of atrazine in these streams ranged between 0.007 μg/l and 0.043 μg/l, with a mean of 0.023 μg/l. Concentrations of deethylatrazine ranged between 0.011 μg/l and 0.041 μg/l, with a mean of 0.022 μg/l. During the period 1993-1994, the North Branch of the Milwaukee River was sampled extensively at a site near Random Lake for the presence of several pesticides. Atrazine and deethylatrazine were found in all samples with mean concentrations of 0.060 μg/l and 0.031 μg/l, respectively. Carbaryl, diazinon, and malathion were also occasionally detected. In 2001, additional sampling was conducted at this site. Atrazine and deethylatrazine were found in all samples with mean concentrations of 0.080 μg/l and 0.021 μg/l, respectively. The concentrations of atrazine and diazinon reported in tributary streams in the Milwaukee River watershed were below the USEPA draft aquatic life criteria. The USEPA has not promulgated criteria for the other pesticides that were detected.

Since the 1970s, the Oak Creek watershed has been sampled for the presence of pesticides in water on several occasions. There have been four sampling years: 1975, 1982, 1993 and 2004. Sampling during 1975 focused heavily on the insecticides dieldrin, lindane, and DDT and on the metabolites of DDT. The concentrations of these substances were below the limits of detection. Single samples from sites on the mainstem of Oak Creek were taken in 1982 and 1993 and tested for toxaphene. In both cases, the concentration of this insecticide was below the limit of detection. During the 2004 sampling, the insecticides diazinon, dieldrin, and malathion were below the limit of detection. The insecticide carbaryl was detected in one sample as were the herbicide atrazine and its metabolite deethylatrazine. The concentration of atrazine reported was below the USEPA draft aquatic life criteria.

The Root River watershed has been sampled for the presence of pesticides in water on several occasions. The site below the Horlick dam on the mainstem of the River in Racine was sampled in 1995, 1998, and 2002. Three additional sites along the mainstem, W. Layton Avenue, W. Grange Avenue, and upstream of W. Ryan Road, were sampled in 2004. The insecticides carbaryl and diazinon were detected in some samples from each site. The herbicide atrazine was detected in most of the samples. The atrazine metabolite deethylatrazine was detected at two upstream sites. The herbicide glyphosate was detected in samples from the station below the Horlick dam. Concentrations of the insecticides dieldrin, lindane, and malathion were below the limit of detection. The concentrations of atrazine and diazinon reported were below the USEPA draft aquatic life criteria.

Relatively few data are available on concentrations of pesticides in water in the Milwaukee Harbor estuary, outer harbor, and nearshore Lake Michigan area. In 1993, four sites in the estuary portion of the Kinnickinnic River were sampled for chlordane isomers. Measurable concentrations of γ-chlordane were detected in one sample. In 2004, samples were collected from the Milwaukee River section of the estuary at the Jones Island WWTP and examined for the presence of several pesticides. Atrazine and deethylatrazine were detected in one sample that was screened for these compounds at concentrations of 0.195 μg/l. and 0.060 μg/l, respectively. Carbaryl and diazinon were detected in one sample each with concentrations of 0.011 μg/l and 0.011 μg/l, respectively. The concentrations of atrazine and diazinon reported were below the USEPA draft aquatic life criteria. The USEPA has not promulgated criteria for the other pesticides that were detected.

While no data were available on pesticide concentrations in water from the outer harbor or nearshore Lake Michigan area, data were available for Lake Michigan as a whole. These data should give some indications of conditions in the nearshore area. The Lake Michigan Mass Balance Study examined concentrations of the pesticide atrazine and two of its metabolites, deethylatrazine and deisopropylatrazine, in tributaries draining into Lake Michigan and the open waters of Lake Michigan.
 Loadings from tributaries represent the major source of atrazine to the Lake, accounting for about 68 percent of contributions. Concentrations of atrazine in 16 samples collected from near the mouth of the Milwaukee River in 1994 and 1995 ranged between 0.011 μg/l and 0.058 µg/l, with a mean concentration of 0.030 μg/l. Concentrations of deethylatrazine ranged between 0.017 μg/l and 0.060 μg/l, with a mean concentration of 0.029 μg/l. Concentrations of deisopropylatrazine ranged between 0.015 μg/l and 0.056 μg/l, with a mean concentration of 0.028 μg/l. Concentrations of atrazine in the open waters of Lake Michigan ranged between 0.022 μg/l and 0.058 μg/l, with a mean concentration of 0.038 μg/l. Concentrations of deethylatrazine in the open waters of Lake Michigan ranged between 0.014 μg/l and 0.036 μg/l, with a mean concentration of 0.026 μg/l. Concentrations of deisopropylatrazine in the open waters of Lake Michigan ranged from below the limit of detection to 0.030 μg/l with a mean concentration of 0.015 μg/l. These observed concentrations are well below the USEPA biological effects threshold. The study estimated that in 1994 the Milwaukee River basin contributed 87 kg of atrazine to Lake Michigan. This represents less than 2 percent of the estimated tributary loading of 5,264 kg to the Lake.

The Lake Michigan Mass Balance Study also examined concentrations of the pesticide trans-nonachlor, an isomer and constituent of the insecticide chlordane in tributaries draining into Lake Michigan and the open waters of Lake Michigan.
 Concentrations of dissolved trans-nonachlor in 36 samples collected from near the mouth of the Milwaukee River in 1994 and 1995 ranged from below the limit of detection to 0.044 nanograms per liter (ng/l) with a mean concentration of 0.023 ng/l. Concentrations of particulate trans-nonachlor ranged between 0.011 ng/l and 0.22 ng/l with a mean concentration of 0.037 ng/l.

Polycyclic Aromatic Hydrocarbons (PAHs)

Since 1995, sampling has been conducted for PAHs in the mainstems of most of the major streams and rivers of the greater Milwaukee watershed. The samples collected fall into two groups. MMSD conducted extensive sampling for 16 PAH compounds in whole water at stations along the mainstems of the Menomonee, Kinnickinnic, and Milwaukee Rivers during the period 1995-2001 and at stations along the Root River in Milwaukee County during the period 1999-2001. In 2004 the USGS sampled at sites along the Menomonee, Kinnickinnic, Milwaukee, and Root Rivers and Oak Creek for six PAH compounds dissolved in water. It is important to note that the results of the 2004 sampling are not directly comparable to the results of the earlier sampling. The 2004 sampling examined fewer compounds than the earlier sampling. In addition, the data from 1995-2001 were derived from unfiltered samples which included both PAHs dissolved in water and PAHs contained in and adsorbed to particulates suspended in the water. The data from 2004 were derived from filtered samples and measure only the fraction of PAHs dissolved in water. Since most PAHs are poorly soluble in water, the data from the 2004 samples may give an underestimate of concentrations relative to the earlier data.
Measurable concentrations of PAHs were detected at all of the sampling stations surveyed. Concentrations of total PAHs in whole water samples ranged from below the limit of detection to 12.8 µg/l. Between the periods 1995-1997 and 1998-2001, mean total PAH concentrations in the Milwaukee Harbor estuary decreased slightly from 1.06 µg/l to 0.97 µg/l. This decrease was not statistically significant. At the same time, mean concentrations of total PAHs in the estuary portions of the Kinnickinnic and Menomonee Rivers increased. Between the periods 1995-1997 and 1998-2001, the mean concentration of total PAHs in the estuary portion of the Kinnickinnic River increased from 0.98 µg/l to 1.15 µg/l and the mean concentration of total PAHs in the estuary portion of the Menomonee River increased from 0.51 µg/l to 1.01 µg/l. These increases in mean PAH concentration the estuary portions of these Rivers were accompanied by decreases in the portions of the Rivers upstream from the estuary. Between the periods 1995-1997 and 1998-2001, the mean concentration of total PAHs in the portion of the Kinnickinnic River upstream from the estuary decreased from 1.70 µg/l to 1.04 µg/l. Similarly, the mean concentration of PAHs in the portion of the Menomonee River decreased from 1.76 µg/l to 0.72 µg/l between the same two periods. The mean concentration of PAHs in whole water samples from the Milwaukee River was 0.85 µg/l. In the Milwaukee River, the concentration and frequency of detection of PAHs tended to increase from upstream to downstream. The mean concentration of PAHs in whole water samples collected from the Root River was 0.47 µg/l. It is important to note that these samples were all collected from MMSD’s sampling stations in Milwaukee County.
In general, mean concentrations of PAHs in samples collected in 2004 were lower than those collected in previous years, but as noted above, fewer compounds were examined in these samples and these samples were examined only for dissolved concentrations.

Polychlorinated Biphenyls (PCBs)

Between 1995 and 2001 the MMSD long-term sampling sites along the mainstems of the Kinnickinnic, Menomonee, Milwaukee, and Root Rivers and Lincoln and Southbranch Creeks were sampled for the presence and concentrations of 14 PCB congeners in water. Concentrations of only 14 out of 209 congeners from this family of compounds were examined. Thus, the total PCB concentration may be underestimated since only some congeners were examined. In all of the samples collected from the Root River and Southbranch Creek, the concentrations of these PCB congeners were below the limit of detection. While in the majority of samples collected from the Kinnickinnic, Menomonee, and Milwaukee Rivers and Lincoln Creek, the concentrations of these PCB congeners were below the limit of detection, when PCBs were detected they were at concentrations that exceeded Wisconsin’s wildlife criterion for surface water quality of 0.12 nanograms per liter (ng/l). While the congeners that were most commonly detected in these samples are known to exhibit toxicological activity, they are not considered to be among the most highly toxic PCB congeners. It is important to note that concentrations of several of the congeners considered to be most highly toxic were not examined by MMSD in this sampling.

More extensive sampling for PCB concentrations in water was conducted by the U.S. Geological Survey in the Milwaukee River and Cedar Creek, both in the Milwaukee River watershed. These samples were examined for both concentrations of the PCB fractions dissolved in water and concentrations associated with suspended sediment. For both streams sampled, the total PCB concentration may be underestimated since only some congeners were examined. Between 1993 and 1995 concentrations of 62 PCB fractions representing 85 PCB congeners out of 209 congeners from this family of compounds were examined at five locations along the mainstem of the Milwaukee River. Also, between 1991 and 2001 concentrations of 62 PCB fractions representing 85 PCB congeners were examined at four locations along Cedar Creek. In all of the samples collected from both streams, PCB concentrations exceeded Wisconsin’s wildlife criterion for surface water quality of 0.12 nanograms per liter (ng/l). In both streams, several of the congeners that are regarded as most highly toxic were detected, usually being found in the majority of samples.

Because of both the limited time frame over which sampling for PCB concentrations in water was conducted and differences among the congener suites examined, the data are not adequate to assess trends in PCB concentrations in water over time.

Toxic Contaminants in Aquatic Organisms

The WDNR periodically surveys tissue from fish and other aquatic organisms for the presence of toxic and hazardous contaminants. Several surveys were conducted at sites within the greater Milwaukee watersheds between 1976 and 2002. These surveys screened for the presence and concentrations of several contaminants including metals, PCBs, and organochloride pesticides. Because of potential risks posed to humans by consumption of fish containing contaminants, the WDNR has issued a general fish consumption advisory for fish caught from most of the surface waters of the State. The details of this advisory are shown in Table 38. In 

Table 38
GENERAL FISH CONSUMPTION ADVISORY FOR MOST WATERS IN WISCONSINa
	Advisory
	Sensitive Groupb
	All others

	Unlimited Consumption
	- -
	Bluegill, sunfish, black crappie, white crappie, yellow perch, or bullheads

	One Meal per Week
	Bluegill, sunfish, black crappie, white crappie, yellow perch, or bullheads
	Walleyed pike, northern pike, smallmouth bass, largemouth bass, channel catfish, flathead catfish, or other species

	One Meal per Month
	Walleyed pike, northern pike, smallmouth bass, largemouth bass, channel catfish, flathead catfish, white sucker, drum, burbot, sauger, sturgeon, carp, white bass, rock bass, or other species
	- -

	Do Not Eat
	Muskellunge
	- -


aOn certain waters, the Wisconsin Department of Natural Resources issues more restrictive consumption advice due to higher levels of mercury or PCBs in fish.

bSensitive group includes pregnant women, nursing mothers, women of childbearing age, and children under 15 years of age.

Source: Wisconsin Department of Natural Resources.

addition, when tissue from fish caught in a particular waterbody is found to contain higher levels of mercury, PCBs, or dioxins, the WDNR issues more restrictive consumption recommendations. The WDNR has issued fish consumption advisories for several species of fish taken from several waterbodies in the greater Milwaukee watersheds. These waterbodies include Cedar Creek, Jackson Park Pond in Milwaukee County, the Kinnickinnic River, Lake Michigan and tributaries of Lake Michigan up to the first dam, Lincoln Creek, Mauthe Lake, the Menomonee River, the Milwaukee Harbor Estuary, the Milwaukee River downstream from the City of Grafton, the Root River downstream from the Horlick dam, and Zeunert Pond in the City of Cedarburg. Table 39 shows the details of these consumption advisories. In addition due to tissue concentrations of PCBs in excess of the U.S. Food and Drug Administration’s standard, the Wisconsin Division of Health has issued a do not eat consumption advisory for black ducks, mallard ducks, ruddy ducks, and scaup using the Milwaukee Harbor.

Mercury

Between 1976 and 2002, the WDNR sampled tissue from several species of aquatic organisms for mercury contamination. The concentration of mercury reported in fish tissue ranged between 0.03 micrograms mercury per gram tissue (μg Hg per g tissue) and 1.40 μg Hg per g tissue. Tissue concentrations of mercury in fish collected from the Kinnickinnic River and Menomonee River watersheds were generally below 0.05 μg Hg per g tissue. No apparent trends were detected in tissue concentrations from these watersheds. Tissue concentrations of mercury in fish collected from the Milwaukee River watershed ranged between 0.05 μg Hg per g tissue and 0.36 μg Hg per g tissue. No apparent trends were detected in tissue concentrations from this watershed. It is important to note that Mauthe Lake in the Milwaukee River watershed is subject to a special fish consumption advisory due to high tissue concentrations of mercury detected in fish from this Lake (Table 39). Few data were available from the Oak Creek watershed. The tissue concentration of mercury in two fish collected from this watershed was 0.38 μg Hg per g tissue. Tissue concentrations of mercury in fish collected from the Root River watershed ranged between 0.03 μg Hg per g tissue and 1.40 μg Hg per g tissue. Tissue concentrations of mercury in fish collected from the Milwaukee Harbor ranged between 0.11 μg Hg per g tissue and 0.28 μg Hg per g tissue. While no data were available for the nearshore Lake Michigan area, the Lake Michigan Mass Balance Study found that tissue concentrations of mercury in adult lake trout collected from Lake Michigan ranged between 0.019 μg Hg per g 


Table 39
FISH CONSUMPTION ADVISORIES FOR THE GREATER MILWAUKEE WATERSHEDSa
	
	Consumption Advisory Level

	Species
	One Meal
per Week
	One Meal
per Month
	One Meal per
Two Months
	Do Not Eat

	Cedar Creek
	
	
	
	

	All Species

	- -
	- -
	- -
	All sizes

	Jackson Park Pond
	
	
	
	

	Black Crappie

	- -
	- -
	All sizes
	- -

	Bluegill

	- -
	- -
	All sizes
	- -

	Carp

	- -
	- -
	All sizes
	- -

	Largemouth Bass

	- -
	- -
	All sizes
	- -

	Pumpkinseed

	- -
	- -
	All sizes
	- -

	Lake Michigan and Its Tributaries Up to First Damb
	
	
	
	

	Chubs

	- -
	All sizes
	- -
	- -

	Chinook Salmon

	- -
	Less than 32 inches
	Larger than 32 inches
	- -

	Coho Salmon

	- -
	All sizes
	- -
	- -

	Brown Trout

	- -
	Less than 22 inches
	Larger than 22 inches
	- -

	Lake Trout

	- -
	Less than 23 inches
	23-27 inches
	Larger than 27 inches

	Rainbow Trout

	Less than 22 inches
	Larger than 22 inches
	- -
	- -

	Smelt

	All sizes
	- -
	- -
	- -

	Whitefish

	- -
	All sizes
	- -
	- -

	Yellow Perch

	All sizes
	- -
	- -
	- -

	Mauthe Lake
	
	
	
	

	Yellow Perch

	- -
	All sizesc
	- -
	All sizesc

	Milwaukee River from the City of Grafton Downstream to Estabrook Falls
	
	
	
	

	Black Crappie

	- -
	All sizes
	- -
	- -

	Brown Trout

	- -
	Less than 22 inches
	Larger than 22 inches
	- -

	Carp

	- -
	- -
	- -
	All sizes

	Chinook Salmon

	- -
	Less than 32 inches
	Larger than 32 inches
	- -

	Coho Salmon

	- -
	All sizes
	- -
	- -

	Lake Trout

	- -
	Less than 23 inches
	23-27 inches
	Larger than 27 inches

	Largemouth Bass

	- -
	All sizes
	- -
	- -

	Northern Pike

	- -
	- -
	All sizes
	- -

	Rainbow Trout

	Less than 22 inches
	Larger than 22 inches
	- -
	- -

	Redhorse

	- -
	All sizes
	- -
	- -

	Rock Bass

	- -
	All sizes
	- -
	- -

	Smallmouth Bass

	- -
	All sizes
	- -
	- -

	Milwaukee River from Estabrook Falls to the Estuaryd
	
	
	
	

	Black Crappie

	- -
	- -
	All sizes
	- -

	Brown Trout

	- -
	Less than 22 inches
	Larger than 22 inches
	- -

	Carp

	- -
	- -
	- -
	All sizes

	Chinook Salmon

	- -
	Less than 32 inches
	Larger than 32 inches
	- -

	Coho Salmon

	- -
	All sizes
	- -
	- -

	Lake Trout

	- -
	Less than 23 inches
	23-27 inches
	Larger than 27 inches

	Northern Pike

	- -
	- -
	All sizes
	- -

	Rainbow Trout

	Less than 22 inches
	Larger than 22 inches
	- -
	- -

	Redhorse

	- -
	- -
	All sizes
	- -

	Rock Bass

	- -
	All sizes
	- -
	- -

	Smallmouth Bass

	- -
	All sizes
	- -
	- -

	Walleye

	- -
	Less than 18 inches
	Larger than 18 inches
	- -

	White Sucker

	- -
	- -
	All sizes
	- -

	Yellow Perch

	All sizes
	- -
	- -
	- -

	Root River from the Horlick Dam Downstream to the Mouth
	
	
	
	

	Carp

	- -
	- -
	- -
	All sizes

	Chinook Salmon

	- -
	Less than 32 inches
	Larger than 32 inches
	- -

	Coho Salmon

	- -
	All sizes
	- -
	- -

	Brown Trout

	- -
	Less than 22 inches
	Larger than 22 inches
	- -

	Lake Trout

	- -
	Less than 23 inches
	23-27 inches
	Larger than 27 inches

	Rainbow Trout

	Less than 22 inches
	Larger than 22 inches
	- -
	- -


Table 39 Footnotes
aThe statewide general fish consumption advisory applies to fish species not listed in this table.

bThis includes the Kinnickinnic, Menomonee, Milwaukee, and Root Rivers and Oak Creek.

cThis advisory is for women of childbearing age and children under 15. Women beyond their childbearing age and men are advised to eat no more than one meal per week.

dThis includes the Kinnickinnic and Menomonee Rivers and Lincoln Creek.

Source: Wisconsin Department of Natural Resources.

tissue and 0.396 μg Hg per g tissue.
 This study also found that tissue concentrations of mercury in adult coho salmon collected from Lake Michigan ranged between 0.023 μg Hg per g tissue and 0.127 μg Hg per g tissue.

It is important to recognize that the number of individual organisms and the range of species taken from these watersheds that have been screened for the presence of mercury contamination are quite small. Because of this, these data may not be completely representative of body burdens of mercury carried by aquatic organisms in the greater Milwaukee watersheds.

PCBs

Between 1977 and 2002, the WDNR sampled tissue from several species of aquatic organisms for PCB contamination. High tissue concentrations of PCBs were found in several species, especially carp, in samples collected from the Kinnickinnic and Menomonee River watersheds. High tissue concentrations of PCBs were found in several species of fish collected from the Milwaukee River watershed, especially from sites along the mainstem of the Milwaukee River downstream from the Village of Grafton, Cedar Creek, Lincoln Creek, Jackson Park Pond, and Zeunert Pond. Tissue concentrations in fish collected from sites along the mainstem of the Milwaukee River above Grafton and from sites along several upstream tributaries were lower. High tissue concentrations of PCBs were also detected in several species of fish collected from the Root River, especially from sites below the Horlick dam. While no data were available on tissue concentrations of PCBs in organisms collected from sites in the Milwaukee outer harbor or nearshore Lake Michigan area, data were available for Lake Michigan as a whole. The Lake Michigan Mass Balance study found high tissue concentrations in both forage fish and piscivorous fish collected from the Lake.

Comparisons of tissue concentrations of PCBs in recent samples to concentrations in samples from the 1970s suggest that at some locations, including Lake Michigan, tissue concentrations of PCBs in fish have decreased. Time comparisons in many of these locations are complicated by the fact that different species were collected on different dates.

It is important to note that several waterbodies and stream reaches in the greater Milwaukee watersheds are subject to special fish consumption advisories due to high tissue concentrations of PCBs detected in fish. These advisories are given in Table 39.
It is important to recognize that the number of individual organisms and the range of species taken from these watersheds that have been screened for the presence of PCB contamination are quite small. Because of this, these data may not be completely representative of body burdens of PCBs carried by aquatic organisms in the greater Milwaukee watersheds.

Pesticides

Between 1977 and 2002, the WDNR sampled several species of aquatic organisms from the greater Milwaukee watersheds for contamination by historically used, bioaccumulative pesticides and their breakdown products. Many of these compounds are no longer in use. For example, crop uses of most of these compounds were banned in the United States between 1972 and 1983. While limited uses were allowed after this for some of these substances, by 1988 the uses of most had been phased out. To some extent, the data on pesticides detected in the tissue of aquatic organisms reflect these changes in pesticide use.
During the late 1970s and early 1980s, isomers of the insecticide DDT and the DDT breakdown products DDD and DDE were detected in the tissue of several species of fish collected from the Kinnickinnic, Menomonee, Milwaukee, and Root Rivers. DDD and DDE were also detected in the tissue of carp collected from Oak Creek. The insecticide dieldrin and isomers of the insecticide chlordane were detected in tissue of fish collected from the Kinnickinnic, Menomonee, Milwaukee, and Root Rivers. Several other pesticides, including aldrin, hexachlorobenzene, and methoxychlor, were detected in the tissue of fish collected from some locations in the greater Milwaukee watersheds.

Since the mid 1980s and early 1990s, concentrations of DDT isomers in fish tissue in samples collected from the Menomonee River and Milwaukee River and Oak Creek have been below the limit of detection. DDT has been detected in fish tissue in samples collected from the Root River, Oak Creek Parkway Pond, and some tributaries from the Milwaukee River. While DDD and DDE were still detected in fish tissue at most locations that were sampled, concentrations found in some streams were lower than those detected during the late 1970s and early 1980s. Concentrations of dieldrin in fish tissue were below the limit of detection in many streams, though measurable concentrations were still being detected in some fish collected from the Root River. Concentrations of chlordane isomers in fish tissue were below the limit of detection in many streams, though measurable concentrations were still being detected in some fish collected from Cedar Creek and the Root River.

While no data were available on tissue concentrations of pesticides in organisms collected from the outer harbor or nearshore Lake Michigan area, data were available for one pesticide for Lake Michigan as a whole. These data give some indication of likely conditions in the nearshore area. The Lake Michigan Mass Balance Study examined concentrations of the chlordane isomer trans-nonachlor in tissue of phytoplankton, zooplankton, aquatic invertebrates, and fish collected in the open waters of Lake Michigan.
 This insecticide was detected in tissue from these organisms. The relative concentrations detected in these groups indicate that trans-nonachlor is being biomagnified through the Lake Michigan food web.

It is important to recognize that the number of individual organisms and the range of species taken from these watersheds that have been screened for the presence of pesticide contamination are quite small. Because of this, these data may not be completely representative of body burdens of pesticides carried by aquatic organisms in the greater Milwaukee watersheds.

Toxic Contaminants in Sediment

Since 1973, sediment samples from streams in the greater Milwaukee watersheds have been examined for the presence and concentrations of toxic substances on several occasions. Toxicants that have been sampled for include metals, PAHs, PCBs, and pesticides. Most of the sites sampled in the Kinnickinnic River watershed are from the mainstem of the Kinnickinnic River within the estuary. Most of the sites sampled in the Menomonee River watershed are from the Little Menomonee River and are related to the Moss-American USEPA Superfund site. A variety of sites were sampled in the Milwaukee River watershed. Sampling has been especially intensive along Cedar Creek and Lincoln Creek, and in Estabrook Impoundment. The sites sampled in the Oak Creek watershed are from the mainstem of Oak Creek and Oak Creek Parkway Pond. The sites sampled in the Root River watershed include sites along the mainstem of the Root River, Crayfish Creek, Whitnall Park Creek, and an unnamed tributary to Crayfish Creek. Considerable sampling has been conducted within the Milwaukee River estuary and outer harbor.

The potential for contaminants present in the sediment at particular sites to create biological impacts was evaluated based upon proposed consensus-based sediment quality guidelines developed by the WDNR.
 These guidelines apply average effect-level concentrations from several guidelines of similar intent and are used to predict the presence or absence of toxicity. Three criteria based on likely effects to benthic-dwelling organisms are proposed: threshold effect concentration (TEC), probable effect concentration (PEC), and midpoint effect concentration (MEC). TECs indicate contaminant concentrations below which adverse effects to benthic organisms are considered to be unlikely. PECs indicate contaminant concentrations at which adverse effects to the benthic organisms are highly probable or will be frequently seen. MECs are derived from TEC and PEC values for the purpose of interpreting the effects of contaminant concentrations that fall between the TEC and the PEC. The WDNR recommends that their criteria be used to establish levels of concern for prioritizing sites for additional study.
 The threshold, midpoint, and probable effect concentrations for metals and for nonpolar organic compounds are presented in Chapter III of SEWRPC Technical Report No. 39.

The probable effect concentrations can also be used to derive mean PEC quotients (mean PEC-Q) for evaluating the toxicity of mixtures of contaminants in sediment to benthic organisms. This normalizes the value to provide comparable indices of contamination among samples for which different numbers of contaminants were analyzed. Results of evaluation of this method show that mean PEC quotients that represent mixtures of contaminants are highly correlated with incidences of toxicity to benthic organisms in the same sediments. The reliability of predictions of toxicity is greatest for mean PEC quotients calculated from total PAHs, total PCBs, and the metals arsenic, cadmium, chromium, copper, lead, nickel, and zinc.
Several toxic metals have been detected in sediment samples collected in the greater Milwaukee watersheds. Detectable concentrations of arsenic, cadmium, copper, lead, and zinc have been frequently reported in sediment samples collected from most of the watersheds and the estuary and outer harbor. Chromium, iron, mercury, and nickel have also been detected in sediment samples from several watersheds. The mean concentrations of cadmium, chromium, copper, lead, mercury, and zinc reported for the watersheds in which they have been detected are generally above their respective TECs indicating that these toxicants are likely to be producing some level of toxic effect in benthic organisms. In some watersheds, concentrations of cadmium, copper, lead, and zinc are also above their respective PECs, suggesting that toxic effects to benthic organisms are highly probable.

The amount of organic carbon in sediment can exert considerable influence on the toxicity of nonpolar organic compounds such as PAHs, PCBs, and certain pesticides to benthic organisms. While the biological responses of benthic organisms to nonionic organic compounds has been found to differ across sediments when the concentrations are expressed on a dry weight basis, they have been found to be similar when the concentrations have been normalized to a standard percentage of organic carbon.
 Because of this, the concentrations of PAHs, PCBs, and pesticides were normalized to 1 percent organic carbon prior to analysis.

Concentrations of PAHs in sediment samples ranged from below the limit of detection to 11,424,000 micrograms PAH per kilogram sediment (μg PAH/kg sediment). While PAHs were detected in sediment from all of the watersheds, particularly high concentrations were found in sediment from sites in the Little Menomonee River in the Menomonee River watershed, the mainstem of the Kinnickinnic River in the estuary, and Estabrook Impoundment and Lincoln Creek in the Milwaukee River watershed. Concentrations of PAHs exceeded the PEC for total PAHs at sites along the Little Menomonee River, the Kinnickinnic River, Lincoln Creek, the Root River, and in the estuary and outer harbor, suggesting that benthic organisms at these sites may be experiencing substantial incidences of toxic effects. At other sampling locations, concentrations of PAHs were between the TEC and the PEC, indicating that these toxicants are likely to be producing some level of toxic effect in benthic organisms.

Concentrations of PCBs in sediment samples ranged from below the limit of detection to 11 million micrograms PCB per kilogram sediment (μg PCB/kg sediment). While PCBs were detected in sediment from a number of locations, particularly high concentrations were found in sediment from sites in Cedar Creek and Zeunert Pond in Cedarburg, Estabrook Impoundment and Lincoln Creek in the Milwaukee River watershed, and the Milwaukee Harbor estuary. Concentrations of PCBs exceeded the PEC for total PCBs at several sites in the Milwaukee River watershed, including sites in Cedar Creek, Estabrook Impoundment, and Zeunert Pond, and some sites in the estuary and outer harbor, suggesting that benthic organisms at these sites may be experiencing substantial incidences of toxic effects. At other sampling locations, concentrations of PCBs were between the TEC and the PEC, indicating that these toxicants are likely to be producing some level of toxic effect in benthic organisms. These sites include many sites in the estuary and outer harbor, a substantial number of sites in the Milwaukee River watershed, and a few sites in the Root River watershed.

The combined effects of several toxicants in sediment from waterbodies within the greater Milwaukee watersheds were evaluated by computing mean PEC-Q values as described above and calculating the associated estimated incidence of toxicity to benthic organisms. In sediment samples from the Kinnickinnic River, the estimated incidence of toxicity ranged from 25 percent to 100 percent. Estimated incidences of toxicity to benthic organisms in sediment samples from the Little Menomonee River in the Menomonee River watershed ranged from 25 percent to 100 percent. Along the mainstem of the Milwaukee River, estimated incidences of toxicity ranged from less than 1 percent to 100 percent. Higher estimated incidences occurred downstream from the confluence with Cedar Creek, with the highest estimated incidences being found in Estabrook Impoundment. For two Milwaukee River tributaries, Cedar Creek and Lincoln Creek, the ranges of the estimated incidences of toxicity were 9 percent to 100 percent and 20 percent to 100 percent, respectively. Estimated incidences of toxicity to benthic organisms in Oak Creek and its tributaries the North Branch of Oak Creek and the Mitchell Field Drainage Ditch ranged between 17 percent and 58 percent. The estimated incidences of toxicity to benthic organisms from sediment samples in the Root River ranged between 8 percent and 67 percent. Higher estimated incidences were found at sites near the confluence with Lake Michigan. Sampling of Crayfish Creek, Whitnall Park Creek, and an unnamed tributary in the Crayfish Creek subwatershed suggest that benthic organisms in these streams are experiencing similar incidences of toxicity, with estimated incidences ranging between 20 and 72 percent. Estimated incidences of toxicity to benthic organisms in the Milwaukee harbor estuary ranged between 2 percent and 94 percent. The highest estimated incidences of toxicity occurred in the Kinnickinnic River portion of the estuary. The estimated incidences of toxicity were lower in the outer harbor, ranging between 2 percent and 62 percent.

biological conditions of the greater milwaukee WATERSHEDs

Aquatic and terrestrial wildlife communities have educational and aesthetic values, perform important functions in the ecological system, and are the basis for certain recreational activities. The location, extent, and quality of fishery and wildlife areas and the type of fish and wildlife characteristic of those areas are, therefore, important determinants of the overall quality of the environment in the greater Milwaukee watersheds.

Streams and Rivers

Review of fishery data collected in the greater Milwaukee watersheds since the beginning of the twentieth century show apparent net losses of species in the Kinnickinnic River, Milwaukee River, and Oak Creek watersheds, no apparent net loss in the Root River watershed, and an apparent net gain in the Menomonee River watershed. Some, though not all, of these apparent changes appear to be due to decreased sampling effort.

Historically, low numbers of fish species were detected in samples from the Kinnickinnic River and Oak Creek watersheds, with 24 species having been reported in the Kinnickinnic River watershed and 29 species having been reported in the Oak Creek watershed over the past century. Current species diversity remains low in these watersheds. During the period 1998-2004, only one species was reported as being present in samples collected from the Kinnickinnic River and its tributaries and 20 species were reported as being present in samples collected from Oak Creek and its tributaries. It is important to note that during the period 1998-2004, only one sample was collected from the Kinnickinnic River. It is likely that a greater sampling effort would have resulted in the detection of more species. For the Kinnickinnic River watershed, this total represents a decrease from the number of species collected during 1994-1997. For the Oak Creek watershed, this total represents an increase from the number detected during 1994-1997.

By contrast, higher numbers of fish species were historically detected in the Milwaukee River and Root River watersheds, with 81 species having been reported in the Milwaukee River watershed and 64 species having been reported in the Root River watershed over the past century. Current species diversity is also higher in these watersheds. During the period 1998-2004, 63 species were reported as being present in samples collected from Milwaukee River and its tributaries and 46 species were reported as being present in samples collected from the Root River and its tributaries. For both these watersheds, these totals represent increases from the numbers detected during 1994-1997.

Historically, an intermediate number of fish species was detected in the Menomonee River watershed, with 46 species having been reported as being present in samples collected over the last century. During the period 1998-2004, 31 species were reported in this watershed. This total represents an increase over the number of species detected during 1994-1997.

In each watershed, the composition of the fish community appears to be changing.
· In the Kinnickinnic River watershed, four species have not been observed since 1986.
· In the Menomonee River watershed, three species have not been observed since 1986.
· In the Milwaukee River watershed, 12 species have not been observed since 1986.
· In the Oak Creek watershed, seven species have not been observed since 1986.
· In the Root River watershed, 10 species have not been observed since 1986.
There have also been new fish species observations in recent years in most of the watersheds. Since 1986, 10 new species have been observed in the Menomonee River watershed, two new species have been observed in the Milwaukee River watershed, seven new species have been observed in the Oak Creek watershed, and 10 new species have been observed in the Root River watershed. In the Oak Creek and Root River watersheds, some of the new observations have occurred in reaches of the mainstems between the confluence with Lake Michigan and the first dam, suggesting that some of these observations reflect the influence of Lake Michigan’s fish community on the fish communities in the lower reaches of these Rivers.
Most of the streams of the greater Milwaukee watersheds are warmwater streams; however, some coldwater streams are present, mostly in upstream areas of the Milwaukee River watershed. In Wisconsin, high-quality warmwater streams are characterized by many native species, darters, suckers, sunfish, and intolerant species (species that are particularly sensitive to water pollution and habitat degradation). Within such environments, tolerant fish species also occur that are capable of persisting under a wide range of degraded conditions and are also typically present within high-quality warmwater streams, but they do not dominate.
In contrast to warmwater streams, coldwater systems are characterized by a smaller number of species, with salmonids (trout) and cottids (sculpin) dominating, and they lack many of the taxonomic groups that are important in high-quality warmwater streams. An increase in fish species richness in coldwater fish assemblages often indicates environmental degradation. When degradation occurs, the small number of coldwater species is replaced by a larger number of more physiologically tolerant cool and warmwater species, which is the opposite of what tends to occur in warmwater fish assemblages.
Figure 44 shows the number of fish species by tolerance class in each of the watersheds of the study area. All of the watersheds contain high proportions of species that are tolerant of low dissolved oxygen conditions. These tolerant species tend to be present at high prevalence in the fish communities in the Kinnickinnic River, Menomonee River, and Oak Creek watersheds. Low numbers of native species and species that are intolerant of low dissolved oxygen conditions are also present in these watersheds. This is indicative of a poor-quality fishery. The proportion of tolerant species has increased in many parts of the study area. For example, the proportion of tolerant fish collected from the Menomonee River watershed represented by common carp increased from about 2 percent in 1975, to 40 percent in 2004. Carp are likely to be having a negative effect on the fisheries in many stream reaches by destroying habitat and competing for food and spawning areas of native fish species.

Because of its size, the situation is more complicated in the Milwaukee River watershed. Some stream reaches in this watershed are dominated by low dissolved oxygen tolerant fish, especially in the North Branch Milwaukee River, Lincoln Creek, and Lower Milwaukee River subwatersheds. Other stream reaches sustain good proportions of top carnivore species and good balances of predatory fishes to forage fishes, indicating a high-quality fishery. Although the fisheries in portions of the watershed are high quality, most notably in the northern part of the watershed and in the portions of the mainstem that is directly connected to Lake Michigan, there are many areas where the fishery quality is poor to fair or where the quality of the fishery has declined.
The apparent stagnation of the fishery communities within much of the greater Milwaukee watersheds can be attributed to habitat loss and degradation as a consequence of human activities primarily related to the historic and current agricultural and urban land use development that has occurred within this the watershed. Agricultural and/or urban development can cause numerous changes to streams that have the potential to alter aquatic biodiversity that include but are not limited to the following factors which have been observed to varying degrees in the greater Milwaukee watersheds:

· Increased flow volumes and channel-forming storms—These alter habitat complexity, change availability of food organisms related to timing of emergence and recovery after disturbance, reduce prey availability, increase scour related mortality, deplete large woody debris for cover in the channel, and accelerate streambank erosion;
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· Decreased base flows—These lead to increased crowding and competition for food and space, increased vulnerability to predation, decreased in habitat quality, and increased sediment deposition;

· Increased sediment load from cultivated agricultural lands and urban lands during and after construction of urban facilities, resulting in sediment transport and deposition in streams—This leads to reduced survival of eggs, loss of habitat due to deposition, siltation of pool areas, and reduced macroinvertebrate reproduction;

· Loss of pools and riffles—This leads to a loss of deep water cover and feeding areas causing a shift in the balance of species due to habitat changes;

· Changed substrate composition—This leads to reduced survival of eggs, loss of inter-gravel cover refuges for early life stages for fishes, and reduced macroinvertebrate production;

· Loss of large woody debris—This leads to loss of cover from large predators and high flows, reduced sediment and organic matter storage, reduced pool formation, and reduced organic substrate for macroinvertebrates;

· Increased temperatures due to loss of riparian buffers as well as runoff from pavement—This leads to changes in migration patterns, increased metabolic activity, increased disease and parasite susceptibility, and increased mortality of sensitive fishes and macroinvertebrates;

· Creation of fish blockages by road crossings, culverts, drop structures, and dams—This leads to loss of spawning habitat, inability to reach feeding areas and/or overwintering sites, loss of summer rearing habitat, and increased vulnerability to predation;

· Loss of vegetative rooting systems—This leads to decreased channel stability, loss of undercut banks, and reduced streambank integrity;

· Channel straightening or hardening—This leads to increased stream scour and loss of habitat quality and complexity (i.e. width, depth, velocity, and substrate diversity) through disruption of sediment transport ability;

· Reduced water quality—This leads to reduced survival of eggs and juvenile fishes, acute and chronic toxicity to juveniles and adult fishes, and increased physiological stress;

· Increased turbidity—This leads to reduced survival of eggs, reduced plant productivity, and increased physiological stress on aquatic organisms;

· Increased algae blooms due to increased nutrient loading—Chronic algae blooms, resulting from increased nutrient loading, lead to oxygen depletion, causing fish kills, and to increased eutro​phication of standing waters. These effects can be worsened through encroachment into the riparian buffer adjacent to the waterbody and loss of riparian canopy which increases light penetration.

Chapter II of SEWRPC Technical Report No. 39 includes a description of the correlation between urbanization in a watershed and the quality of the aquatic biological resources. The amount of imperviousness in a watershed that is directly connected to the stormwater drainage system can be used as a surrogate for the combined impacts of urbanization in the absence of mitigation. The overall percentages of urban land in the watersheds in 2000 ranged from about 21 percent in the Milwaukee River watershed to about 93 percent in the Kinnickinnic River watershed, corresponding to levels of imperviousness that range between 5 percent and 40 percent. Some portions of the study area have even higher percentages of imperviousness, with the amounts in the lower reaches of the Milwaukee River, for example approaching 50 to 60 percent. Many areas have levels of imperviousness above the threshold level of 10 percent at which previously cited studies indicate that negative biological impacts have been observed. The Milwaukee River, Root River and Oak Creek watersheds still have high proportions of agricultural land use. Based upon the amounts of agricultural and urban lands in these watersheds and, in the past, a lack of measures to mitigate the adverse effects of those land uses, it is not surprising that indices of fish community quality in many areas of these watersheds indicate poor to fair quality fisheries.

Habitat data for sites in the greater Milwaukee watersheds have been collected as part of the WDNR baseline monitoring program and by the WDNR Fish and Habitat Research Section in the Milwaukee River watershed. The baseline monitoring program data were analyzed using the Qualitative Habitat Evaluation Index (QHEI),
 which integrates the physical parameters of the stream and adjacent riparian features to assess potential habitat quality. This index is designed to provide a measure of habitat that generally corresponds to those physical factors that affect fish communities and which are important to other aquatic life (i.e. macroinvertebrates). This index has been shown to correlate well with fishery IBI scores, which measure fish community quality. The habitat data from the WDNR Research Section evaluated the quality of fish habitat at sites based upon the guidelines 


developed from several publications.
 Based on limited habitat data, habitat conditions in the Kinnickinnic River watershed have generally been described as being degraded due, in large part, to more than 60 percent of the entire river network either being comprised of enclosed conduit or concrete-lined channel. A small data set suggests that habitat conditions in the Menomonee River watershed are fair to good. Based upon the data collected, the results suggest that fisheries habitat is generally fair to good throughout the Milwaukee River watershed. Limited data suggest habitat conditions in the Oak Creek watershed are poor to fair. Limited data suggest habitat conditions in the Root River watershed may be fair to good. It is important to note that many of the streams have been channelized within the greater Milwaukee watersheds. Such channelization impacts habitat quality by reducing instream and riparian vegetation cover, increasing sedimentation, decreasing diversity of flow, decreasing water depths, and decreasing substrate diversity, among others.
Despite the habitat classification of fair to good, the WDNR has recently concluded that instream habitat is impaired in many stream reaches in the greater Milwaukee watersheds, primarily due to the impacts of hydrologic modification, streamflow fluctuations caused by unnatural conditions, stream bank erosion, urban storm water runoff, cropland erosion, and roadside erosion emanating from both agricultural and urban land use areas of this watershed.

The Hilsenhoff Biotic Index
 (HBI) and percent EPT (percent of families comprised of Ephemeroptera, Plecoptera, and Trichoptera) were used to classify the historic and existing macroinvertebrate and environmental quality in this stream system using survey data from various sampling locations in the greater Milwaukee watersheds. The macroinvertebrate communities in the Kinnickinnic River, Oak Creek, and Root River watersheds were found to be depauperate and dominated by tolerant taxa. The macroinvertebrate communities in the Menomonee River watershed were found to have improved substantially since 1993, especially in the Lower Milwaukee River subwatershed. Results from the Milwaukee River watershed show that current macroinvertebrate diversity and abundances are indicative of fair to good-very good water quality. They also indicate long-term improvement in the abundance and diversity of macroinvertebrates.

Lakes and Ponds

There are 20 major lakes (i.e. lakes greater than 50 acres in size) within the greater Milwaukee watersheds. All of them are located within the Milwaukee River watershed. In addition, there are more than 130 lakes and ponds of less than 50 acres in size in the greater Milwaukee watersheds. The lakes and ponds in the study area are listed in Table 35.
The last recorded fishery surveys for many of the lakes and ponds were completed in the late 1970s and early 1980s. The surveys indicate that that these waterbodies contained a typical urban fish species mixture mostly dominated by tolerant species of green sunfish, black bullhead, carp, and white sucker. However, largemouth bass, northern pike, and yellow perch were also found in several of these waterbodies. Information from WDNR staff indicates that many of the lakes and ponds listed in Table 35 provide various recreational fishing opportunities for gamefish and/or panfish species; however, some of these waterbodies are stocked to supplement these fisheries.

More-recent comprehensive fisheries surveys have been completed by the WDNR for Erler, Little Cedar, Long (Fond du Lac County), and Random Lakes.
 In 2003, a fish community survey of Erler Lake found 11 fish species including bluegills, carp, largemouth bass, and yellow perch. More restrictive fishing regulations on panfish and bass were proposed for this lake to protect the populations from collapse when public access is developed. A fish community survey conducted in Little Cedar Lake during 1999 found that fish habitat conditions in this lake were good to very good. The species found in this lake included bluegills, bluntnose minnows, crappies, largemouth bass, northern pike, and yellow perch. While some populations, such as those of bluegills and northern pike consisted mostly of small individuals, other populations, such as largemouth bass had good size structure. A comprehensive fish community survey of Long Lake in eastern Fond du Lac County conducted during 2004 found 15 native species of fish, including bluegill, northern pike, walleye, yellow bullhead, and yellow perch. The Long Lake largemouth bass population was in exceptional condition and was likely the best overall population in Fond du Lac and surrounding counties. An electrofishing survey of the shoreline of Random Lake conducted during the fall of 2004 found several species, including black crappies, bluegills, largemouth bass, muskellunge, walleye, and yellow perch. While panfish were abundant, they were generally small in size and appeared to be growing slowly. By contrast, the walleye in the lake were generally plump, an indication that they were feeding well.

Exotic invasive species have been recorded in several of the lakes and ponds within the greater Milwaukee watersheds. Carp are found in Barton Pond, Big Cedar Lake, Birchwood Lake, Crooked Lake, Dineen Park Pond, Estabrook Park Pond, Forest Lake, Gilbert Lake, Green Lake, Grafton Millpond, Hasmer Lake, Kettle Moraine Lake, Kewaskum Millpond, Lake Bernice, Lake Ellen, Long Lake (Fond du Lac County), Mauthe Lake, McGovern Park Pond, Random Lake, Root River Parkway Pond, Smith Lake, Thiensville Millpond, Tily Lake, West Bend Pond, and Whitnall Park Pond. Zebra mussels have been recorded in Auburn Lake, Big Cedar Lake, Lake Ellen, Little Cedar Lake, Long Lake (Fond du Lac County), Mauthe Lake, and Quarry Lake. While data on aquatic plant communities are limited, Eurasian water milfoil is known to exist in Beechwood Lake, Big Cedar Lake, Crooked Lake, Erler Lake, Estabrook Park Pond, Forest Lake, Gilbert Lake, Green Lake, Juneau Park Lagoon, Kettle Moraine Lake, Little Cedar Lake, Long Lake (Fond du Lac County), Lower Kelly Lake, Lucas Lake, Mauthe Lake, Pit Lake, Random Lake, Scout Lake, Silver Lake, and Upper Kelly Lake. Curly-leaf pondweed is known to exist in each of the Counties within the greater Milwaukee watersheds.

Twenty-three lakes and ponds in the greater Milwaukee watersheds are enrolled in the Wisconsin Department of Natural Resources Urban Fishing Program in partnership with local counties and municipalities. That program was initiated in 1983 for the metropolitan Milwaukee area and is still active today. The program provides fishing in urban ponds for anglers who do not have opportunities to leave the urban environment. The program stocks rainbow trout and other species to provide seasonal and year-round fishing.

Lake Michigan

Biological conditions in the estuary, outer harbor and nearshore areas are strongly linked to the conditions in Lake Michigan.
Lake Michigan Fishery

Lake Michigan has undergone well-documented, significant changes in its fishery since the 1880s.
 These changes have been linked to various factors that include eutrophication, fishery exploitation, and the invasions of exotic or nonnative species among several trophic levels of fishes, mussels, plankton, and aquatic plants.

Most recently, there are several major trends throughout Lake Michigan that are important to note in order to understand the context of the estuary and nearshore fisheries. The findings summarized below are based upon some of the recent major studies and stock assessment activities carried out by the WDNR on Lake Michigan.

While sport harvests of chinook salmon have been good in recent years, size-at-age of these fish has continued to decline. In response to this, lakewide chinook stocking levels were reduced by 25 percent in 2006. As of 2005, the yellow perch population in southern Lake Michigan was still dominated by the 1998 year class. The sport harvest of this year class is decreasing. Effective May 2002, the sport fishery for Lake Michigan yellow perch was closed between May 1 and June 15 to reduce fishing impacts on spawning stocks. While the reported commercial harvest of lake whitefish from Wisconsin waters of Lake Michigan has increased slightly, the size-at-age of these fish has continued to decrease. This may be related to lakewide declines in the abundance of the amphipod Diporeia and increases in the abundance of quagga mussels, which form the major food source and major competitor for the food source respectively.

Nuisance Algae (Cladophora) in Lake Michigan

In recent years large quantities of decaying algae, mostly from the genus Cladophora, have been fouling Wisconsin’s Lake Michigan shoreline. As the bacteria and organisms trapped in the alga rot, they generate a pungent septic odor that many people confuse with sewage. While the presence of rotting Cladophora on Lake Michigan beaches does not present a risk to human health, the rotting algal mats may provide adequate conditions for bacterial growth, and microcrustaceans deposited on the beach with the decaying Cladophora may attract large flocks of gulls resulting in increased bacteria concentrations from gull fecal material.

Cladophora is found naturally along the Great Lakes coastlines. It grows on submerged rocks, logs or other hard surfaces. Because of Lake Michigan’s water clarity it has been observed growing at depths below 30 feet. Wind and wave action cause the algae to break free from the lake bottom and wash up on shore. Nuisance levels of Cladophora were previously a problem during the mid-1950s and during the 1960s and 1970s. The causes of the Cladophora resurgence in the Great Lakes are not known for certain, but probably include changes in water clarity and changes in phosphorus availability related to the presence of zebra mussels and quagga mussels in the nearshore area.

Declines in Lake Michigan Diporeia

Populations of shrimp-like organisms called amphipods (i.e., Diporeia) that are normally found in bottom mud of the Great Lakes are declining in southern Lake Michigan. During the 1980s researchers at the NOAA Great Lakes Environmental Research Laboratory in Ann Arbor, Michigan were able to collect up to 20,000 amphipods per square meter of Lake Michigan bottom. Data collected in the early 1990s indicated that, in the far southern end of the lake, amphipod populations had declined by 60 to 90 percent. Since then, the average abundance of Diporeia dropped from about 5,200 per square meter in 1994 and 1995 to about 1,800 per square meter by 2000. The average abundance in 2005 was only 300 per square meter. Diporeia has declined in deeper waters, and the areas of the Lake with no Diporeia have expanded greatly. Since amphipods normally make up to 70 percent of the living biomass in a given area of a healthy lake bottom and have high food value to fish, their decline in Lake Michigan may impact a variety of fish species that depend heavily on them for food.

Milwaukee Harbor Estuary and Nearshore Lake Michigan Fisheries

The Lower Milwaukee River and Milwaukee Harbor estuary habitat and water quality have been heavily altered due to damming, channelization, streambank modification by installation of riprap and sheet piling, and urban stormwater discharges. The International Joint Commission (IJC) identified the Milwaukee Harbor estuary as one of 43 Areas of Concern (AOC) requiring clean up of toxic wastes and remedial action.
 While the beneficial use impairments identified in the Milwaukee Harbor estuary AOC are the result of many causes, many are related, at least in part, to the presence of toxic substances in water, sediment, and the tissue of organisms. It is also important to note that the habitat in the lower reaches of each of the watersheds draining into the Milwaukee Harbor estuary is typical of that found in a highly urbanized environment, with extensive channelization and placement of sheet piling for bank stabilization. More natural habitat can be generally found in upstream areas of each of the major rivers.

Despite extensive habitat, water quality, and toxicity impacts, the Milwaukee Harbor estuary contains a fairly high abundance and diversity of fish species. The quality of the fishery in the Milwaukee Harbor estuary is largely dependent upon the influx of fishes from the higher-quality waters in the upstream areas of the Menomonee, Kinnickinnic, and Milwaukee Rivers that have been documented to support a full range of fish and aquatic life, influx of fishes from Lake Michigan, and continued habitat improvement and species restoration projects

The 1997 removal of the 150-year-old North Avenue dam on the Milwaukee River 3.2 miles upstream from the confluence with Lake Michigan reconnected the Milwaukee Harbor estuary with the Milwaukee River system. With the removal of the dam, improvements in wastewater treatment, and abatement of combined sewer overflows, riverine conditions quickly began to reestablish in the formerly impounded area. The removal of the dam not only provided an opportunity for migratory fish species to move further upstream, but also opened up opportunities for the rehabilitation of some of the native species that were extirpated or reduced to remnant populations. Many habitat improvement measures have been implemented including streambank stabilization, revegetation of mud flats, and reestablishment of meanders within the former impounded area. As a result of these efforts, several miles of stream channel were made available to migratory as well as resident species whose movements were restricted prior to dam removal. This increase in migration along with the improvements in water quality and habitat allowed WDNR staff to initiate native walleye and lake sturgeon restoration projects in the Lower Milwaukee River and the Milwaukee Harbor estuary. For example, since 1995, approximately 10,000 extended growth walleye fingerlings have been stocked annually into the Lower Milwaukee River downstream of the former North Avenue dam. These fishes are reported to be surviving and growing well, supporting a limited nearshore fishery. Mature and spent walleye were recorded during spring spawning assessments beginning in 1998; however, as yet, no successful natural reproduction of walleye has been documented in the system.
Exotic Invasive Species

The food web of Lake Michigan and of the Great Lakes in general, is defined by, and complicated by, historical and continued additions of exotic invasive species. The entry and dispersal mechanisms which have acted singly or jointly in the movement of organisms into the Great Lakes basin include unintentional release (shipping traffic via discharge of ballast water; escape from cultivation, aquaculture and aquaria, and accidental releases due to fish stocking and from unused bait), deliberate releases (for example, the deliberate introduction of salmon species to enhance fisheries), canals, and disturbance linked to the construction of railroads and highways.
 Scientists have identified 145 nonindigenous fishes, invertebrates, fish disease pathogens, plants, and algae established in the Great Lakes basin since the early 1800s.
 Some taxonomic groups have not been studied as well as others; however, plants, algae, disease pathogens and parasites account for about 60 percent of new species established in the Great Lakes basin since 1810, followed by invertebrates that account for 22 percent, and fish that make up about 18 percent.

It is difficult if not impossible to predict how these species introductions will affect the existing or future food web dynamics in Lake Michigan. However, similar patterns of invasion and system responses have occurred among several of the Great Lakes. Sea lampreys, for example, have caused great damage to the lake trout, whitefish, and burbot populations in all the Great Lakes and similar impacts of zebra mussels have also been documented.

Lake Erie, like all of the Great Lakes, has had similar changes in food web dynamics, but because it is the shallowest and warmest of the Great Lakes, Erie is usually the first to show signs of stress. In other words, recent food web changes in Lake Erie may provide insight into trends that may also occur in Lake Michigan. In Lake Erie, zebra mussels have directly led to increased water clarity, clogging of municipal intakes, reduced recreation on beaches, and disappearance of many native mussel species. Indirect effects of zebra mussels in Lake Erie include creation of algal blooms and dead zones, disappearance of Diporeia, deaths of fish-eating birds, and accelerated bioaccumulation of toxicants to predatory fishes and birds. Except for indirect bird or fish deaths, the above consequences associated with the invasion of zebra mussels in Lake Erie have also occurred in Lake Michigan.

Other Wildlife

Although a quantitative field inventory of amphibians, reptiles, birds, and mammals was not conducted as a part of this study, it is possible, by polling naturalists and wildlife managers familiar with the area, to compile lists of amphibians, reptiles, birds, and mammals which may be expected to be found in the area under existing conditions. The technique used in compiling the wildlife data involved obtaining lists of those amphibians, reptiles, birds, and mammals known to exist, or known to have existed, in the greater Milwaukee watersheds area, associating these lists with the historic and remaining habitat areas in the area as inventoried, and projecting the appropriate amphibian, reptile, bird, and mammal species into the watershed area. The net result of the application of this technique is a listing of those species which were probably once present in the watershed area, those species which may be expected to still be present under currently prevailing conditions, and those species which may be expected to be lost or gained as a result of urbanization within the area. Table 40 summarizes the results of this inventory. More-detailed results are given in SEWRPC Technical Report No. 39. It is important to note that this inventory was conducted on a countywide basis for each of the aforementioned major groups of organisms. Some of the organisms listed as occurring in Dodge, Fond du Lac, Kenosha, Milwaukee, Ozaukee, Racine, Sheboygan, Washington, and Waukesha Counties may only infrequently occur within the greater Milwaukee watersheds.

Table 40 shows that 57 species of mammals, ranging in size from large animals like the white-tailed deer, to small animals like the meadow vole, are likely to be found within the greater Milwaukee watersheds. At least 180 species of birds have been reported to breed in this area. Some of these species are resident throughout the year. An additional 108 bird species visit the area only during the annual migration periods, or winter in the area. Species reported include game birds, songbirds, waders, and raptors. Amphibians and reptiles are vital components of the ecosystem within an environmental unit like that of the greater Milwaukee River watersheds area. Examples of amphibians native to the area include frogs, toads, and salamanders. Turtles and snakes are examples of reptiles common to the area. Table 40 shows that 18 species of amphibians and 24 species of reptiles have been reported in the greater Milwaukee watersheds area. One amphibian species and two reptile species are likely to have been extirpated from the area.

Endangered and threatened species and species of special concern present within the greater Milwaukee watersheds area include 74 species of plants, 16 species of birds, 13 species of fish, five species of herptiles, and 21 species of invertebrates from Wisconsin Department of Natural Resources records dating back to the late 1800s. These are summarized in Table 41.

Table 40

NUMBERS OF AMPHIBIAN, REPTILE, BIRD, AND MAMMAL SPECIES
KNOWN OR LIKELY TO OCCUR IN THE SOUTHEASTERN WISCONSIN AREA

	Group
	Fond du Lac
County
	Sheboygan
County
	Washington
County
	Ozaukee
County
	Dodge
County

	Amphibians

	18a
	17
	17a
	16
	16

	Reptiles

	18
	14
	19
	15b
	16

	All Bird Speciesc

	256
	249
	245
	256
	239

	Resident or Breeding Bird Species

	157
	134
	142
	142
	184

	Mammals

	27
	27
	18
	22
	38


	Group
	Waukesha
County
	Milwaukee
County
	Racine
County
	Kenosha
County
	Southeastern Wisconsin

	Amphibians

	17a
	17a
	16a
	16a
	18a

	Reptiles

	21b
	22b,d
	20b
	17
	24b,d

	All Bird Speciesc

	248
	275
	219
	214
	288

	Resident or Breeding Bird Species

	129
	129
	129
	109
	180

	Mammals

	35
	44
	39
	24
	57


aTotal includes Blanchard’s cricket frog, which has likely been extirpated.

bTotal includes the queen snake, which has likely been extirpated.

cIncludes resident, breeding, wintering, and migrant species.

dTotal includes the northern ribbon snake and the northern ringneck snake, which have likely been extirpated.

Source:
SEWRPC.

The complete spectrum of wildlife species originally native to the watershed, along with their habitat, has undergone significant change in terms of diversity and population size since the European settlement of the area. This change is a direct result of the conversion of land by the settlers from its natural state to agricultural and urban uses, beginning with the clearing of the forest and prairies, the draining of wetlands, and ending with the development of urban land in some areas. Successive cultural uses and attendant management practices, primarily urban, have been superimposed on the land use changes and have also affected the wildlife and wildlife habitat. In urban areas, cultural management practices that affect wildlife and their habitat include the use of fertilizers, herbicides, and pesticides; road salting for snow and ice control; heavy motor vehicle traffic that produces disruptive noise levels and air pollution and nonpoint source water pollution; and the introduction of domestic pets.

channel CONDITIONS and structures

The conditions of the bed and bank of a stream are greatly affected by the flow of water through the channel. The great amount of energy possessed by flowing water in a stream channel is dissipated along the stream length by turbulence, streambank and streambed erosion, and sediment resuspension. Sediments and associated substances delivered to a stream may be stored, at least temporarily, on the streambed, particularly where obstructions or irregularities in the channel decrease the flow velocity or act as a particle trap or filter. On an annual basis or a long-term basis, streams may exhibit a net deposition, net erosion, or no net change in internal sediment transport, depending on tributary land uses, watershed hydrology, precipitation, and geology. From 3 to 11 percent of the 


Table 41

ENDANGERED AND THREATENED SPECIES IN THE GREATER MILWAUKEE WATERSHEDS

	Group
	Kinnickinnic
River
	Menomonee
River
	Milwaukee
River
	Oak Creek
	Root River
	Study Area

	Mollusks
	
	
	
	
	
	

	Endangered

	0
	0
	0
	0
	0
	0

	Threatened

	0
	0
	1
	0
	0
	1

	Special Concern

	0
	0
	0
	0
	0
	0

	Crustaceans
	
	
	
	
	
	

	Endangered

	0
	0
	0
	0
	0
	0

	Threatened

	0
	0
	0
	0
	0
	0

	Special Concern

	1
	1
	1
	1
	1
	1

	Butterflies and Moths
	
	
	
	
	
	

	Endangered

	0
	0
	1
	0
	0
	1

	Threatened

	0
	0
	0
	0
	0
	0

	Special Concern

	0
	2
	3
	0
	0
	5

	Dragonflies and Damselflies
	
	
	
	
	
	

	Endangered

	0
	0
	0
	0
	0
	0

	Threatened

	0
	0
	0
	0
	0
	0

	Special Concern

	0
	1
	8
	1
	0
	10

	Other Insects
	
	
	
	
	
	

	Endangered

	0
	0
	0
	0
	0
	0

	Threatened

	0
	0
	0
	0
	0
	0

	Special Concern

	0
	2
	1
	0
	0
	3

	Fish
	
	
	
	
	
	

	Endangered

	1
	1
	1
	0
	0
	1

	Threatened

	3
	3
	4
	1
	2
	4

	Special Concern

	2
	2
	6
	1
	4
	8

	Reptiles and Amphibians
	
	
	
	
	
	

	Endangered

	0
	1
	2
	0
	2
	2

	Threatened

	1
	2
	2
	1
	2
	2

	Special Concern

	0
	1
	0
	0
	1
	1

	Birds
	
	
	
	
	
	

	Endangered

	0
	0
	1
	0
	0
	1

	Threatened

	0
	0
	5
	1
	1
	5

	Special Concern

	1
	4
	4
	1
	7
	10

	Plants
	
	
	
	
	
	

	Endangered

	4
	8
	2
	4
	8
	16

	Threatened

	2
	5
	10
	2
	12
	15

	Special Concern

	16
	19
	32
	9
	26
	43


Source:
SEWRPC.

annual sediment yield in a watershed in southeastern Wisconsin may by contributed by streambank erosion.
 In the absence of mitigative measures, increased urbanization in a watershed may be expected to result in increased streamflow rates and volumes, with potential increases in streambank erosion and bottom scour, and flooding problems. In the communities within the MMSD service area, the requirements of MMSD Chapter 13, “Surface Water and Storm Water,” are applied to mitigate instream increases in peak rates of flow that could occur due to new urban development without runoff controls. In communities outside of the MMSD service area, local ordinances provide for varying degrees of control of runoff from new development. Also, where soil conditions allow, the infiltration standards of Chapter NR 151, “Runoff Management,” of the Wisconsin Administrative Code are applied to limit increases in runoff volume from new development.

While a comprehensive evaluation of channel conditions within the greater Milwaukee watersheds has not been conducted, several studies provide data on channel conditions in portions of the study area.
Milwaukee County commissioned an assessment of stability and fluvial geomorphic character of streams within four watersheds in the County including the Milwaukee River watershed.
 This study, conducted in fall 2003, examined channel stability in about 60 miles of stream channel along the mainstems of the Kinnickinnic, Milwaukee, and Root Rivers; Oak Creek; and several tributary streams. A major goal of this study was to create a prioritized list of potential project sites related to mitigation of streambank erosion and channel incision, responses to channelization, and maintenance of infrastructure integrity.
The Milwaukee Metropolitan Sewerage District commissioned a study of sediment transport in the Menomonee River watershed.
 This study, conducted in 2000, examined sediment transport in about 63 miles of stream channel along the mainstem of the Menomonee River and several of its tributaries. Included among the factors assessed in this study were the characterization of channel bed and bank material composition, the evaluation of bed and bank stability, the examination of the integrity of the Works Progress Administration (WPA) walls lining portions of the channel, and the examination of bed and bank stability at road crossings.
The City of Racine commissioned a study to evaluate the condition of storm sewer outfalls and streambanks and associated erosion and erosion potential along the Root River within the City.
 A goal of this study was to develop baseline data identifying, characterizing, and mapping erosion problems associated with stormwater outfalls and hydromodifications such as riprap, concrete, and retaining walls.
MMSD commissioned an assessment of geomorphic, hydrologic, and hydraulic conditions for Fish Creek and its watershed.
 This study, conducted in 2000 to 2001, examined geomorphic and sediment characteristics and hydrologic and hydraulic conditions for about 3.5 miles of stream channel along Fish Creek. Major goals of this study were to evaluate the mechanisms driving flood control, erosion, valley stability, and environmental management for the Creek and to identify engineering and management options to be considered in future studies.
In addition, the SEWRPC staff has evaluated the condition of the streambanks and associated erosion 1) along an unnamed Tributary to the Milwaukee River as part of the reconstruction of the USH 45 roadway improvement project in cooperation with the Wisconsin Department of Transportation and 2) in the Quaas Creek subwatershed as part of the development of a watershed protection plan in cooperation with Washington County Land Conservation Department.

Some streams of the greater Milwaukee watersheds show substantial modification of streambeds and banks. The percentages of streambed and bank modification tend to differ among the watersheds. The Kinnickinnic River watershed has a high proportion of bed and bank modifications with about 58 percent of the stream channel examined being lined with concrete or enclosed in conduit. The Menomonee River watershed also has a high proportion of this sort of modification with about 22 percent of the stream channel examined being lined with concrete or riprap, or enclosed in conduit. Lower proportions of stream channel show these sorts of modifications in the other watersheds. About 7 percent of the stream channel examined in the Oak Creek watershed is lined with concrete or enclosed in conduit. Less than 1 percent of the stream channel examined in the Root River watershed is enclosed in conduit and none is concrete-lined. About seven miles of stream channel in the Milwaukee River watershed are lined with concrete or enclosed in conduit, representing about 2 percent of the perennial stream length in this watershed.

There are some areas where stream channel modification has not been as significant. Examples of this include the designated exceptional water resources areas in the East Branch of the Milwaukee River and Lake Fifteen Creek subwatersheds in the upper portions of the Milwaukee River watershed.

Bed and Bank Stability

Alluvial streams within urbanizing watersheds often experience rapid channel enlargement. As urbanization occurs, the fraction of the watershed covered by impervious surfaces increases. This can result in profound changes in the hydrology in the watershed. As a result of runoff being conveyed over impervious surfaces to storm sewers which discharge directly to streams, peak flows become higher and more frequent and streams become “flashier,” with flows increasing rapidly in response to rainfall events. The amount of sediment reaching the channel often declines. Under these circumstances and in the absence of armoring, the channel may respond by incising. This leads to an increase in the height of the streambank, which continues until a critical threshold for stability is exceeded. When that condition is reached, mass failure of the bank occurs, leading to channel widening. Typically, incision in an urbanizing watershed proceeds from the mouth to the headwaters.
 Lowering of the downstream channel bed increases the energy gradient upstream and in the tributaries. This contributes to further destabilization. Once it begins, incision typically follows a sequence of channel bed lowering, channel widening, and deposition of sediment within the widened channel. Eventually, the channel returns to a stable condition in equilibrium with the altered watershed hydrology characteristic of the altered channel geometry.

It is also important to note that most of the agricultural lands in the study area contain drain tiles that are designed specifically to convey water out of the soils and into the adjacent streams that have generally been channelized. As a result of runoff being conveyed via drain tiles, relative to undrained conditions, peak flows become somewhat higher and more frequent with flows increasing more rapidly in response to rainfall events. Similar to urban development conditions, agricultural activities in a watershed can also lead to localized bank scour, channel incision, and bank failure.

Degrading channels and eroding banks are common along streams in some portions of the greater Milwaukee watersheds. Locations of aggrading, degrading, and stable stream reaches are inventoried in SEWRPC Technical Report No. 39.
Since a large portion of the Kinnickinnic River watershed contains channels which are enclosed in conduit or concrete-lined, only about six miles of channel were inventoried for stability. Most alluvial reaches that were examined appeared to be degrading and actively eroding. Less than 5 percent of the total 6.1 miles assessed were observed to be stable.
About 63 miles of channel in the Menomonee River watershed were inventoried for stability. Lateral erosion is relatively uncommon in this watershed, comprising about 5 percent of total bank conditions. Streambeds in this watershed showed similar trends toward stability. Only about 5 percent of alluvial reaches were observed to be unstable. In particular, the lower portions of the Menomonee River have experienced relatively little bed and bank degradation. This appears to be the result of armoring of the channel by bedrock, large bed materials, and manmade structures. Aggrading alluvial reaches are uncommon in the portions of this watershed which were assessed.
About 43 miles of channel in the Milwaukee River watershed were inventoried for stability including about 31 miles of channel in Milwaukee County and about 2.4 miles of channel in the unnamed tributary to the Milwaukee River and Quaas Creek systems. Approximately half of the alluvial reaches that were examined appeared to be degrading and actively eroding. About 9.5 percent of the stream length assessed was observed to be stable.
About 24 miles of channel in the Oak Creek watershed were inventoried for stability. Most alluvial reaches that were examined appeared to be degrading and actively eroding. Less than 8 percent of the lengths of bank assessed were observed to be stable.
About 55.4 miles of channel in the Root River watershed were inventoried for stability, about 48 miles of channel in Milwaukee County and about 7.4 miles of channel in the City of Racine. Most alluvial reaches that were examined appeared to be degrading and actively eroding. About 34 percent of the stream length assessed was observed to be stable. Less than 2 percent of the assessed channel was observed to be aggrading.
About 3.6 miles of channel of Fish Creek in the Lake Michigan direct drainage area were inventoried for stability. Most alluvial reaches that were examined appeared to be degrading and actively eroding. Beds along approximately 61 percent of the examined sections of the stream appeared to be degrading and actively eroding. Degradation was also observed along streambanks. Approximately 39 percent of the length of banks that were examined appeared to be actively eroding. Aggradation was occurring in about 19 percent of the stream.
Works Progress Administration Walls
The WPA walls were constructed as flood management structures in the 1920s and 1930s along several streams in the Milwaukee metropolitan area. Depending on location, these walls either form the active channel margin or are located within the active floodplain. They serve as channel boundaries and act to inhibit lateral channel migration and associated erosion. They are made from mortared limestone blocks and are generally about two feet thick. They vary in height from five to 12 feet depending on local channel bed, bank, and floodplain elevations. These walls are about 70 years old. As they degrade over time, increases in lateral bank instability and flooding are likely results.

Relatively stable WPA walls are present in the upper portion of the Kinnickinnic River.

WPA walls are present along three streams within the Menomonee River watershed: Honey Creek, Woods Creek, and the mainstem of the Menomonee River are lined by these walls. In many places, the walls contain the river as originally designed. In isolated segments, the walls are flanked, degraded, or crumbling and no longer provide proper flood conveyance or adequate protection to infrastructure. At some other isolated sites, the stream channel has migrated away from the walls.

Dams

Dams and drop structures can disrupt sediment transport and limit aquatic organism passage, fragmenting populations. Those factors can lead to a reduction in overall abundance and diversity of aquatic organisms. As shown in Table 42, in 2005 there were about 88 dams and 64 drop structures located within the greater Milwaukee watersheds.
In 2005, there was one dam within the Kinnickinnic River watershed. It is a low sill located on Cherokee Park Creek. In addition, numerous drop structures are located in Lyons Park Creek and Villa Mann Creek.

In 2005, there were seven dams within the Menomonee River watershed. One is located in the headwaters of Dousman Ditch, two are located on the mainstem of the Menomonee River, and four are located on Underwood Creek. The Falk dam, which was located in the Lower Menomonee watershed was physically removed in February 2001. In addition, numerous drop structures were located in the watershed, mostly along Honey and Underwood Creeks.

Table 42
DAMS AND DROP STRUCTURES WITHIN THE GREATER MILWAUKEE WATERSHEDS: 2005
	Watershed
	Dams
	Drop Structures
	Dams Removed from
1988 through 2005

	Kinnickinnic River

	  1
	14
	0

	Menomonee River

	  7
	28
	1

	Milwaukee River

	70
	  6
	  8a

	Oak Creek

	  1
	  8
	0

	Root River

	  8
	  6
	0

	Lake Michigan Direct Drainage Area

	  1
	  2
	0

	Total
	88
	64
	9


aThe dam on Pigeon Creek at the Lutheran Seminary was breached after 2005 and was intended to be removed. That dam is not included in this number.

Source: Wisconsin Department of Natural Resources, Inter-Fluve, Inc., River Alliance of Wisconsin, and SEWRPC.

In 2005, there were about 70 dams and about 6 drop structures within the Milwaukee River watershed. The dams are located throughout the watershed, along the mainstem and tributaries of the Milwaukee River. Most of these dams form impoundments. In addition, a small number of drop structures are located in Beaver Creek and Brown Deer Park Creek.
The one dam within the Oak Creek watershed is located on Oak Creek in the Oak Creek Parkway. In addition, a total of six drop structures are located in Oak Creek and the North Branch of Oak Creek. Three other drop structures in Oak Creek and the North Branch were removed by MMSD in 2004.
In 2005, eight dams were located within the Root River watershed. Four are located on Whitnall Park Creek, one is located on Dale Creek, one is located on Tess Corners Creek, one is located on an unnamed tributary to the West Branch of the Root River Canal, and one is located on the mainstem of the River in the City of Racine (Horlick dam). Most of these dams form impoundments. In addition, a small number of drop structures are located in Dale Creek and Whitnall Park Creek.

In 2005, there were two drop structures and one dam located within the Lake Michigan direct drainage area. These structures are located on Fish Creek. A recent assessment reported that the low-head dam is failing.

habitat and riparian corridor CONDITIONS

One of the most important tasks undertaken by the Commission as part of its regional planning effort was the identification and delineation of those areas of the Region having high concentrations of natural, recreational, historic, aesthetic, and scenic resources and which, therefore, should be preserved and protected in order to maintain the overall quality of the environment. Such areas normally include one or more of the following seven elements of the natural resource base which are essential to the maintenance of both the ecological balance and the natural beauty of the Region: 1) lakes, rivers, and streams and the associated undeveloped shorelands and floodlands; 2) wetlands; 3) woodlands; 4) prairies; 5) wildlife habitat areas; 6) wet, poorly drained, and organic soils; and 7) rugged terrain and high-relief topography. While the foregoing seven elements constitute integral parts of the natural resource base, there are five additional elements which, although not a part of the natural resource base per se, are closely related to or centered on that base and therefore are important considerations in identifying and delineating areas with scenic, recreational, and educational value. These additional elements are: 1) existing outdoor recreation sites; 2) potential outdoor recreation and related open space sites; 3) historic, archaeological, and other cultural sites; 4) significant scenic areas and vistas; and 5) natural and scientific areas.

The delineation of these 12 natural resource and natural resource-related elements on a map results in an essentially linear pattern of relatively narrow, elongated areas which have been termed “environmental corridors” by the Commission. Primary environmental corridors include a wide variety of the abovementioned important resource and resource-related elements and are at least 400 acres in size, two miles in length, and 200 feet in width. Secondary environmental corridors generally connect with the primary environmental corridors and are at the least 100 acres in size and one mile long. In addition, smaller concentrations of natural resource features that have been separated physically from the environmental corridors by intensive urban or agricultural land uses have also been identified. These areas, which are at least five acres in size, are referred to as isolated natural resource areas.

It is important to point out that, because of the many interlocking and interacting relationships between living organisms and their environment, the destruction or deterioration of any one element of the total environment may lead to a chain reaction of deterioration and destruction among the others. The drainage of wetlands, for example, may have far-reaching effects, since such drainage may destroy fish spawning grounds, wildlife habitat, groundwater recharge areas, and natural filtration and floodwater storage areas of interconnecting lake and stream systems. The resulting deterioration of surface water quality may, in turn, lead to a deterioration of the quality of the groundwater. Groundwater serves as a source of domestic, municipal, and industrial water supply and provides a basis for low flows in rivers and streams. Similarly, the destruction of woodland cover, which may have taken a century or more to develop, may result in soil erosion and stream siltation and in more rapid runoff and increased flooding, as well as destruction of wildlife habitat. Although the effects of any one of these environmental changes may not in and of itself be overwhelming, the combined effects may lead eventually to the deterioration of the underlying and supporting natural resource base, and of the overall quality of the environment for life. The need to protect and preserve the remaining environmental corridors within the greater Milwaukee watersheds thus becomes apparent.

Primary Environmental Corridors
The primary environmental corridors in the regional water quality management plan update study area are primarily located along major stream valleys, around major lakes, and along the northern Kettle Moraine. As indicated in Table 29 in Chapter II of this report, primary environmental corridors encompassed about 185 square miles, or about 16 percent of the study area, in 2000. These primary environmental corridors contain almost all of the best remaining woodlands, wetlands, and wildlife habitat areas in the study area, and represent a composite of the best remaining elements of the natural resource base. Primary environmental corridors in the regional water quality management plan update study area are shown on Map 19 in Chapter II of this report.

Secondary Environmental Corridors

Secondary environmental corridors are generally located along the small perennial and intermittent streams within the regional water quality management plan update study area. In 2000, secondary environmental corridors encompassed about 27 square miles, or about 2 percent of the total area of the study area (Table 29 in Chapter II of this report). Secondary environmental corridors also contain a variety of resource elements, often remnant resources from primary environmental corridors which have been developed for intensive urban or agricultural purposes. Secondary environmental corridors facilitate surface water drainage, maintain pockets of natural resource features, and provide corridors for the movement of wildlife, as well as for the movement and dispersal of seeds for a variety of plant species. Secondary environmental corridors in the regional water quality management plan update study area are shown on Map 19 in Chapter II of this report.

Isolated Natural Resource Areas

Widely scattered throughout the study area, isolated natural resource areas encompassed about 28 square miles, or about 3 percent of the total study area, in 2000 (Table 29 in Chapter II of this report). These smaller pockets of wetlands, woodlands, surface water, or wildlife habitat exist within the study area. Isolated natural resource areas may provide the only available wildlife habitat in an area, provide good locations for local parks and nature study areas, and lend unique aesthetic character or natural diversity to an area. These isolated natural resource areas should also be protected and preserved in their natural state whenever possible. Isolated natural resource areas in the regional water quality management plan update study area are shown on Map 19 in Chapter II of this report.

Natural Areas and Critical Species Habitat

The regional natural areas and critical species habitat protection and management plan
 ranked natural resource features based upon a system that considered areas to be of statewide or greater significance, NA-1; countywide or regional significance, NA-2; or local significance, NA-3. In addition, certain other areas were identified as critical species habitat sites. It is important to note that the inventories in this plan did not specifically include areas within Sheboygan, Fond du Lac, and Dodge Counties, except for areas that are immediately adjacent to or shared by the northern boundaries of Ozaukee and Washington Counties. However, as shown in Table 30 in Chapter II of this report and Map 20 in Chapter II of this report, there are a total of five and three State natural areas identified by the WDNR Bureau of Endangered Resources within Fond du Lac and Sheboygan Counties, respectively. As indicated in Table 30 in Chapter II of this report, and illustrated on Map 20 in Chapter II of this report, there were 227 natural area sites inventoried in the study area that encompassed a total of about 20,700 acres, or approximately 3 percent of the study area. In addition, the regional natural areas and critical species habitat protection and management plan also included an inventory of critical species habitat sites located in the study area, except for areas within Sheboygan, Fond du Lac, and Dodge Counties. Critical species are those species of plants and animals that are considered endangered, threatened, or of special concern. The majority of critical species habitat sites are located within identified natural areas of the study area; however, a few are located outside of the known natural areas. Table 30 in Chapter II of this report identifies 47 critical species habitat sites that are outside of the abovementioned natural area sites.

Measures for Habitat Protection

Varying approaches to the protection of stream corridors have been adopted within the greater Milwaukee watersheds. In Milwaukee County, stream corridor protection has been focused on public acquisition of the lands adjacent to the stream banks and their preservation as river parkways. These lands are frequently incorporated into public parks and other natural areas. Racine County has acquired some lands adjacent to the mainstem of the Root River and preserved it as river parkway. In Washington County, the City of West Bend has also acquired some lands adjacent to the mainstem of the Milwaukee River, at the site of the former Woolen Mills dam, and has preserved it as a park. The Washington County comprehensive shoreland and floodland protection ordinance requires setbacks of principal structures and places limits upon removal of shoreland vegetative cover, excavation of shoreland, and encroachment into shorelands by structures based upon a lake and stream classification system designed to protect those waters most sensitive to human encroachment. While most of the Milwaukee River and Menomonee River systems within the County are classified as Class III waters, which are subject to statewide minima with respect to these parameters, the East and West Branch of the Milwaukee River, Silver Creek (West Bend), Stony Creek, and Willow Creek within Washington County are classified as a Class I streams, and Kewaskum Creek and the West Branch of the Menomonee River within the County are classified as Class II streams. These waterways are subjected to greater setbacks and other more stringent performance standards designed to protect and preserve sensitive instream habitat and water quality. Of the lakes within the Milwaukee River watershed in Washington County, most of the larger, historically developed lakes are classified as Class III waters, subject to statewide minimum standards for shoreland protection. Erler, Hasmer, Lucas, Mud, and Smith Lakes are classified as Class II waters and are subject to greater setbacks and other more stringent performance standards designed to protect and preserve sensitive habitat and water quality. In Waukesha County, a comprehensive shoreland and floodland protection ordinance requires setbacks of principal structures and places limits upon removal of shoreland vegetative cover, excavation of shoreland, and encroachment into shorelands by structures.

The provision of buffer strips along waterways represents an important intervention that addresses anthropogenic sources of contaminants, with even the smallest buffer strip providing environmental benefit.
 Figure 45 shows the current status of buffer widths around streams among each of the greater Milwaukee watersheds, ranging from less than 25 feet, 25 to 50 feet, 50 to 75 feet, and greater than 75 feet. Buffers of greater than 75 feet in width were the most common category of buffer, accounting for about 56 percent of the buffer widths observed in the study area. Buffer widths less than 25 feet were the next most common category of buffer, accounting for about 25 percent of the buffer widths observed in the study area. Figure 45 also shows that the status of buffer widths along streams differs among the watersheds in the study area. Depending on the watershed, buffers of greater than 75 feet in width accounted for between about 10 and 67 percent of buffers in the watershed, with the greatest percentage of buffers in this width category being found in the Milwaukee River watershed and the smallest percentage of buffers in this width category being found in the Kinnickinnic River watershed. Enclosed conduits, which comprise about 34 miles of the greater Milwaukee watersheds stream system, essentially eliminate opportunities for installation of buffers. These enclosures are located largely within Wilson Park Creek and the S. 43rd Street Ditch subwatersheds in the Kinnickinnic River watershed, Honey Creek, Underwood Creek, the South Branch of Underwood Creek, and Grantosa Creek in the Menomonee River watershed, Beaver Creek, Brown Deer Park Creek, Southbranch Creek, an unnamed tributary to Southbranch Creek, and an unnamed tributary to Indian Creek, in the Milwaukee River watershed, the Mitchell Field Drainage Ditch subwatershed in the Oak Creek watershed, and Crayfish, Legend, and Tess Corners Creeks and an unnamed tributary to the Root River in the Root River watershed. Maps showing buffer widths along streams in the greater Milwaukee watersheds area are presented in Chapters V through IX of SEWRPC Technical Report No. 39.

Achievement of Water Use Objectives

The water use objectives and the supporting water quality standards and criteria for the greater Milwaukee watersheds are documented in Chapter VII of this report. Most of the stream reaches in these watersheds are designated for fish and aquatic life and full recreational uses. A few are designated for coldwater uses. Auburn Lake Creek upstream from Auburn Lake, Chambers Creek, Gooseville Creek, Melius Creek, Nichols Creek, and Watercress Creek are all considered coldwater streams and subject to standards under which dissolved oxygen concentrations are not to be less than 7.0 mg/l during spawning and 6.0 mg/l during the rest of the year. These streams are all in the Milwaukee River watershed. The other exceptions to the fish and aquatic life and full recreational use designations are subject to variances under Chapter NR 104 of the Wisconsin Administrative Code. The mainstem of the Kinnickinnic River in the Kinnickinnic River watershed; Honey Creek, Underwood Creek from Juneau Boulevard in the Village of Elm Grove downstream to the confluence with the Menomonee River, and the mainstem of the Menomonee River downstream from the confluence with Honey Creek in the Menomonee River watershed; and Indian Creek, Lincoln Creek, and the mainstem of the Milwaukee River downstream from the site of the former North Avenue dam in the Milwaukee River watershed are subject to a special variance under which dissolved oxygen is not to be less than 2.0 mg/l and counts of fecal coliform bacteria are not to exceed 1,000 per 100 ml. Burnham Canal and South Menomonee Canal in the Menomonee River watershed are subject to special variances that impose the same requirements with the additional requirement that the water temperature shall not exceed 31.7ºC. In the Milwaukee River watershed, Silver Creek (Sheboygan County) downstream from the Random Lake wastewater treatment plant to the first crossing of Creek Road is designated for limited forage fish and is subject to a variance under which dissolved oxygen concentrations are not to be less than 3.0 mg/l. The East Branch of the Root River Canal from STH 20 to the confluence with the West Branch of the Root River Canal, Hoods Creek, Tess Corners Creek, the West Branch of the Root River Canal between STH 20 and CTH C, and Whitnall Park Creek downstream from the site of the former Hales Corners wastewater treatment plant to Whitnall Park Pond in the Root River watershed are designated for limited forage fish and subject to variances under which dissolved oxygen concentrations are not to be less than 3.0 mg/l. 


Figure 45

RIPARIAN CORRIDOR BUFFER WIDTHS IN THE GREATER MILWAUKEE WATERSHEDS: 2005
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Source: SEWRPC.
The East Branch of the Root River, the East Branch of the Root River Canal upstream from STH 20, Ives Grove Ditch, the West Branch of the Root River Canal upstream from CTH C, Whitnall Park Creek upstream from the site of the former Hales Corners wastewater treatment plant, and an unnamed tributary of the Root River from downstream from the site of the former New Berlin Memorial Hospital wastewater treatment plant in the Root River watershed are designated for limited aquatic life and are subject to variances under which dissolved oxygen concentrations are not to be less than 1.0 mg/l.

For the most part, the standards that apply to the Milwaukee outer harbor and adjacent nearshore Lake Michigan area are less clear cut. The Beach Act of 2000 requires that water quality advisories be issued at designated bathing beaches when concentrations of E. coli in a single sample exceed 235 cells per 100 ml. This standard was used to assess whether water quality at beaches and in the nearshore Lake Michigan area was suitable for full recreational use. For other water quality parameters, it was decided to compare water quality in the outer harbor to the standards for fish and aquatic life.
Fairly large data sets for the assessment of achievement of water use objectives were available from multiple sampling stations along the mainstems of the Menomonee and Kinnickinnic Rivers and Oak Creek and from large portions of the mainstems of the Milwaukee and Root Rivers. Far fewer data are available from tributary streams. In the inventories contained in Chapters V through X of SEWRPC Technical Report No. 39, 119 tributary steams were identified in the Kinnickinnic River, Menomonee River, Milwaukee River, Oak Creek, and Root River watersheds and in the Lake Michigan direct drainage area for assessing compliance with water quality standards and criteria related to five water quality parameters during the baseline period.
 Observed data were available to assess compliance with standards or criteria for all five parameters for only eight tributary streams. Data were available for assessing compliance with standards or criteria for at least one of these parameters for another 20 tributary streams. It is important to note that these numbers reflect the tributaries for which any data were available. For many tributaries, these assessments were based upon small numbers of samples. For about half the tributaries assessed, the assessment of compliance was based on 15 or fewer samples. In some cases, the assessments were based on five or fewer samples.

Streams

Based upon the available data for sampling stations in the greater Milwaukee watersheds, the mainstems of the Kinnickinnic, Menomonee, Milwaukee, and Root Rivers, Oak Creek, and the major tributaries of these streams did not fully meet the water quality standards associated with the designated water use objectives during and prior to 1975, the base year of the initial plan. Review of subsequent data indicated that as of 1995, the designated water use objectives were only being partially achieved in the majority of the streams in the watershed.
 For streams in the Lake Michigan direct drainage area, data for assessing achievement of water use objectives were available only for Fish Creek. Data were not available to assess whether Fish Creek met water quality standards associated with the designated water use objectives during and prior to 1975, the base year of the initial regional water quality management plan, or during review of subsequent data that examined conditions as of 1995.

During the baseline period, the designated water use objectives were only being partially achieved in much of the greater Milwaukee watersheds. Table 43 shows the results of comparisons of water quality data from the baseline period to supporting water quality standards for the mainstems of the Kinnickinnic, Menomonee, Milwaukee, and


Table 43
CHARACTERISTICS OF STREAMS IN THE GREATER MILWAUKEE WATERSHEDS: 1998-2004

	
	
	Percent of Samples Meeting Water Quality Standards and Criteriaa
	
	
	

	Stream Reach
	Stream
Length
(miles)
	Dissolved
Oxygen
	Temperature
	NH3b
	Total
Phosphorusc
	Fecal
Coliform
Bacteria
	Fish Biotic
Index
Ratinga,d
	Macroinvertebrate
Biotic Index Rating
(HBI)a,d
	303(d)
Impairmentse

	Kinnickinnic River Mainstem
	
	
	
	
	
	
	
	
	

	Kinnickinnic River above S. 27th Streetf
	  3.1
	100.0 (67)g
	100.0 (67)
	100.0 (55)
	29.9 (67)
	30.3 (66)h
	Very poor (1)
	- -
	

	Kinnickinnic River between S. 7th Street and S. 27th Streetf
	  2.1
	98.4 (63)g
	98.4 (63)
	100.0 (46)
	56.2 (64)
	50.8 (63)h
	- -
	Fair (1)
	

	Kinnickinnic River between S. 1st Street and S. 7th Streetf
	  1.4
	94.1 (68)g
	100.0 (68)
	100.0 (64)
	58.8 (68)
	58.2 (67)h
	- -
	- -
	Aquatic toxicity, bacteria, dissolved oxygen, fish consumption advisory

	Kinnickinnic River between Greenfield Avenue (extended) and S. 1st Streetf
	  0.8
	100.0 (58)g
	100.0 (58)
	100.0 (56)
	74.1 (58)
	75.4 (57)h
	- -
	- -
	Aquatic toxicity, bacteria, dissolved oxygen, fish consumption advisory

	Kinnickinnic River between Jones Island Ferry and Greenfield Avenue (extended)f
	  0.4
	100.0 (58)g
	100.0 (58)
	100.0 (57)
	74.1 (58)
	77.2 (57)h
	- -
	- -
	Aquatic toxicity, bacteria, dissolved oxygen, fish consumption advisory

	Wilson Park Creek Subwatershed
	
	
	
	
	
	
	
	
	

	Wilson Park Creek Tributary Upstream
of Conduitf
	
	- -
	- -
	100.0 (22)
	78.6 (42)
	- -
	- -
	- -
	- -

	Wilson Park Creek Tributary Downstream
of Conduitf
	
	- -
	- -
	96.0 (25)
	70.5 (44)
	- -
	- -
	- -
	- -

	Wilson Park Creekf
	  5.5
	- -
	- -
	100.0 (22)
	70.5 (44)
	- -
	- -
	- -
	- -

	Menomonee River Mainstem
	
	
	
	
	
	
	
	
	

	Menomonee River above County Line Roadf
	  4.5
	87.9 (58)
	100.0 (58)
	100.0 (16)
	66.7 (57)
	36.2 (58)
	- -
	- -
	- -

	Menomonee River between N. 124th Street and County Line Roadf
	10.0
	100.0 (89)
	100.0 (63)
	100.0 (28)
	67.4 (89)
	24.4 (90)
	Poor (4)
	Fair (1)
	- -

	Menomonee River between W. Hampton Avenue and N. 124th Streetf
	  1.0
	98.7 (76)
	100.0 (61)
	100.0 (21)
	59.1 (77)
	26.0 (77)
	- -
	- -
	- -

	Menomonee River between N. 70th Street and W. Hampton Avenuef
	  4.5
	100.0 (117)
	100.0 (71)
	100.0 (44)
	43.1 (102)
	39.3 (117)
	Very poor (9)i
	Good-very good (3)i
	- -

	Menomonee River between N. 25th Street and N. 70th Streetf
	  6.2
	100.0 (64)g
	100.0 (64)
	100.0 (18)
	31.7 (63)
	62.5 (64)j
	Very poor (9)i
	Good-very good (3)i
	Aquatic toxicity, bacteria, dissolved oxygen, fish consumption advisoryk

	Menomonee River between Muskego Avenue and N. 25th Streetf
	  0.9
	100.0 (66)g
	100.0 (60)
	100.0 (21)
	36.9 (65)
	71.8 (64)j
	Very poor (1)l
	- -
	Aquatic toxicity, bacteria, dissolved oxygen, fish consumption advisory

	Menomonee River between Burnham
Canal and Muskego Avenuef
	  0.1
	100.0 (62)g
	93.5 (62)
	100.0 (16)
	63.7 (61)
	85.2 (61)j
	Very poor (1)l
	- -
	Aquatic toxicity, bacteria, dissolved oxygen, fish consumption advisory


Table 43 (continued)
	
	
	Percent of Samples Meeting Water Quality Standards and Criteriaa
	
	
	

	Stream Reach
	Stream
Length
(miles)
	Dissolved
Oxygen
	Temperature
	NH3b
	Total
Phosphorusc
	Fecal
Coliform
Bacteria
	Fish Biotic
Index
Ratinga,d
	Macroinvertebrate
Biotic Index Rating
(HBI)a,d
	303(d)
Impairmentse

	Menomonee River Mainstem (continued)
	
	
	
	
	
	
	
	
	

	Menomonee River between S. 2nd Street and Burnham Canalf
	  0.8
	100.0 (114)g
	100.0 (67)
	100.0 (30)
	32.7 (113)
	59.6 (111)j
	Very poor (1)l
	- -
	Aquatic toxicity, bacteria, dissolved oxygen, fish consumption advisory

	West Branch of the Menomonee Riverf
	  4.2
	- -
	- -
	- -
	- -
	- -
	Poor (1)
	Fair (4)
	- -

	Willow Creek Subwatershed
	
	
	
	
	
	
	
	
	

	Willow Creekf
	  2.8
	100.0 (5)
	100.0 (6)
	100.0 (10)
	81.8 (11)
	- -
	Very poor (1)
	Good-very good (5)
	- -

	Butler Ditch Subwatershed
	
	
	
	
	
	
	
	
	

	Butler Ditchm
	  2.9
	100.0 (3)
	100.0 (3)
	- -
	- -
	- -
	Very poor (4)
	- -
	- -

	Little Menomonee River Subwatershed
	
	
	
	
	
	
	
	
	

	Little Menomonee Riverf
	11.2
	100.0 (5)
	100.0 (6)
	100.0 (6)
	83.3 (6)
	100.0 (1)
	Very poor (5)
	Good-very good (1)
	Aquatic toxicity

	South Branch Underwood Creek Subwatershed
	
	
	
	
	
	
	
	
	

	South Branch of Underwood Creekn
	  1.0
	71.9 (32)
	100.0 (32)`
	100.0 (32)
	43.3 (30)
	21.9 (32)
	- -
	- -
	- -

	Underwood Creek Subwatershed
	
	
	
	
	
	
	
	
	

	Underwood Creek from Juneau Boulevard to Headwatersn
	  7.4
	68.8 (32)
	100.0 (32)
	100.0 (32)
	77.4 (31)
	43.8 (32)
	Very poor (3)
	- -
	- -

	Underwood Creek from confluence with the Menomonee River to Juneau Boulevardn
	  1.5
	100.0 (48)g
	100.0 (48)
	100.0 (48)
	68.2 (44)
	70.8 (48)j
	- -
	Poor-fairly poor (1)
	- -

	Honey Creek Subwatershed
	
	
	
	
	
	
	
	
	

	Honey Creekf
	10.0
	94.6 (92)g
	100.0 (80)
	100.0 (92)
	33.8 (77)
	32.6 (92)j
	- -
	- -
	- -

	Mainstem Milwaukee River
	
	
	
	
	
	
	
	
	

	Milwaukee River above Dam at Kewaskum
	22.9
	84.0 (144)
	100.0 (191)
	- -
	63.8 (58)
	60.0 (10)
	Very poor to excellent (3)
	Poor to good (12)
	Fish consumption advisory

	Milwaukee River between Dam at Kewaskum and CTH M near Newburg
	20.5
	100.0 (117)
	100.0 (121)
	- -
	74.5 (51)
	72.7 (11)
	Fair to excellent (4)
	Fair to good (4)
	Fish consumption advisory

	Milwaukee River between CTH M near Newburg and Waubeka
	12.3
	100.0 (95)
	100.0 (110)
	- -
	78.6 (42)
	100.0 (9)
	Fair to excellent (5)
	Poor to good (10)
	Fish consumption advisory

	Milwaukee River between Waubeka
and Pioneer Road near Cedarburg
	19.2
	100.0 (95)
	100.0 (95)
	98.9 (90)
	38.4 (112)
	41.1 (90)
	Good to excellent (5)
	Fair to good (3)
	Bacteria, fish con​sumption advisory

	Milwaukee River between Pioneer Road near Cedarburg and W. Brown Deer Road
	11.3
	100.0 (87)
	100.0 (88)
	100.0 (70)
	44.8 (87)
	30.7 (88)
	- -
	- -
	Bacteria, fish con​sumption advisory

	Milwaukee River between W. Brown Deer Road and E. Silver Spring Drive
	  6.5
	100.0 (81)
	100.0 (81)
	100.0 (64)
	42.5 (80)
	38.3 (81)
	Excellent (4)
	Fair to good (3)
	Bacteria, fish con​sumption advisory

	Milwaukee River between E. Silver Spring Drive and N. Port Washington Road
	  1.6
	94.1 (85)
	100.0 (85)
	100.0 (69)
	42.9 (84)
	30.6 (85)
	- -
	- -
	Bacteria, fish con​sumption advisory




Table 43 (continued)

	
	
	Percent of Samples Meeting Water Quality Standards and Criteriaa
	
	
	

	Stream Reach
	Stream
Length
(miles)
	Dissolved
Oxygen
	Temperature
	NH3b
	Total
Phosphorusc
	Fecal
Coliform
Bacteria
	Fish Biotic
Index
Ratinga,d
	Macroinvertebrate
Biotic Index Rating
(HBI)a,d
	303(d)
Impairmentse

	Mainstem Milwaukee River (continued)
	
	
	
	
	
	
	
	
	

	Milwaukee River between N. Port Washington Road and Estabrook Park
	  0.3
	100.0 (75)
	100.0 (76)
	100.0 (76)
	42.4 (92)
	54.5 (11)
	- -
	Poor to good (3)
	Bacteria, fish con​sumption advisory

	Milwaukee River between Estabrook Park
 and former North Avenue Dam
	  3.6
	98.6 (71)
	100.0 (71)
	100.0 (62)
	37.1 (70)
	19.7 (71)
	Good to excellent (5)
	Fair to good (9)
	Bacteria, fish con​sumption advisory

	Milwaukee River between former North
Avenue Dam and Walnut Street
	  0.9
	100.0 (87)
	100.0 (87)
	100.0 (74)
	39.5 (86)
	65.1 (83)
	Very poor (1)
	- -
	Aquatic toxicity, bacteria, dissolved oxygen, fish con​sumption advisory

	Milwaukee River between Walnut Street
and Wells Street
	  0.8
	100.0 (84)
	100.0 (84)
	100.0 (75)
	38.6 (83)
	69.9 (83)
	- -
	- -
	Aquatic toxicity, bacteria, dissolved oxygen, fish con​sumption advisory

	Milwaukee River between Wells Street
and Water Street
	  0.6
	100.0 (88)
	100.0 (88)
	100.0 (86)
	37.5 (88)
	68.2 (88)
	- -
	- -
	Aquatic toxicity, bacteria, dissolved oxygen, fish con​sumption advisory

	Milwaukee River between Water Street
and Union Pacific Railroad
	  0.3
	100.0 (76)
	100.0 (76)
	100.0 (73)
	64.5 (76)
	77.3 (75)
	- -
	- -
	Aquatic toxicity, bacteria, dissolved oxygen, fish con​sumption advisory

	Milwaukee River between Union Pacific Railroad and confluence with 
Lake Michigan
	  0.4
	100.0 (2)
	100.0 (2)
	100.0 (2)
	75.0 (4)
	100.0 (3)
	- -
	- -
	Aquatic toxicity, bacteria, dissolved oxygen consump​tion advisory

	West Branch Milwaukee River Subwatershed
	
	
	
	
	
	
	
	
	

	West Branch Milwaukee River
	20.1
	60.0 (5)
	100.0 (6)
	100.0 (5)
	61.5 (39)
	- -
	Poor to excellent (4)
	Poor to good (10)
	- -

	Kewaskum Creek Subwatershed
	
	
	
	
	
	
	
	
	

	Kewaskum Creek
	  6.4
	- -
	- -
	- -
	70.6 (34)
	- -
	Fair (1)
	Fair to good (5)
	- -

	East Branch Milwaukee River Subwatershed
	
	
	
	
	
	
	
	
	

	East Branch Milwaukee River from
Long Lake to STH 28
	15.9
	100.0 (125)
	100.0 (139)
	100.0 (6)
	98.4 (62)
	100.0 (10)
	Fair to excellent (11)
	Poor to excellent (17)
	- -

	Unnamed Creek (T14N R19E SE NW 36) (Parnell Creek)
	  7.8
	100.0 (6)
	100.0 (6)
	100.0 (7)
	66.7 (6)
	- -
	- -
	Good (5)
	- -

	Crooked Lake Creek
	  5.1
	100.0 (6)
	100.0 (6)
	100.0 (6)
	100.0 (6)
	- -
	Poor to very poor (2)
	Fair to good (7)
	- -

	Middle Milwaukee River Subwatershed
	
	
	
	
	
	
	
	
	

	Quaas Creek
	  5.9
	99.1 (856)
	100.0 (856)
	- -
	79.4 (34)
	- -
	Fair to very poor (5)
	Fair to good (4)
	- -

	Riveredge Creek
	  2.2
	- -
	100.0 (131)
	- -
	- -
	- -
	- -
	- -
	- -


Table 43 (continued)
	
	
	Percent of Samples Meeting Water Quality Standards and Criteriaa
	
	
	

	Stream Reach
	Stream
Length
(miles)
	Dissolved
Oxygen
	Temperature
	NH3b
	Total
Phosphorusc
	Fecal
Coliform
Bacteria
	Fish Biotic
Index
Ratinga,d
	Macroinvertebrate
Biotic Index Rating
(HBI)a,d
	303(d)
Impairmentse

	North Branch Milwaukee River Subwatershed
	
	
	
	
	
	
	
	
	

	North Branch Milwaukee River
	30.0
	83.6 (140)
	100.0 (197)
	100.0 (12)
	56.3 (64)
	44.4 (9)
	Fair (1)
	Poor to good (3)
	- -

	Adell Tributary
	  5.1
	- -
	- -
	- -
	- -
	- -
	- -
	Poor to fair (4)
	Degraded habitat

	Wallace Creek
	  8.6
	100.0 (5)
	100.0 (6)
	100.0 (5)
	33.3 (6)
	- -
	Poor to fair (2)
	Good (7)
	- -

	Batavia Creek Subwatershed
	
	
	
	
	
	
	
	
	

	Batavia Creek
	  5.0
	- -
	- -
	- -
	65.8 (32)
	- -
	- -
	- -
	- -

	Stony Creek Subwatershed
	
	
	
	
	
	
	
	
	

	Stony Creek
	10.0
	100.0 (6)
	100.0 (6)
	100.0 (6)
	100.0 (6)
	- -
	Poor to fair (3)
	Good (6)
	- -

	Upper Lower Milwaukee River Subwatershed
	
	
	
	
	
	
	
	
	

	Mole Creek
	  4.0
	100.0 (5)
	100.0 (6)
	100.0 (5)
	100.0 (6)
	- -
	Very poor to fair (9)
	Poor to good (11)
	- -

	Cedar Creek Subwatershed
	
	
	
	
	
	
	
	
	

	Cedar Creek
	31.5
	100.0 (124)
	99.2 (127)
	100.0 (6)
	94.9 (59)
	92.9 (14)
	Good (3)
	Fair to good (4)
	Fish consumption advisory

	Lehner Creek
	  0.3
	- -
	- -
	- -
	- -
	- -
	Very poor (2)
	Good (1)
	Degraded habitat, temperature

	Unnamed Creek (T10N R20E SW SE 19) (Jackson Creek)
	  1.3
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	Degraded habitat

	Polk Springs Creek
	  1.9
	100.0 (161)
	100.0 (167)
	100.0 (89)
	48.7 (39)
	- -
	Very poor to poor (3)
	Poor to good (6)
	- -

	Friedens Creek
	  3.8
	100.0 (5)
	100.0 (6)
	100.0 (5)
	83.3 (6)
	- -
	Very poor (2)
	Fair to good (6)
	- -

	Evergreen Creek
	  4.9
	- -
	- -
	- -
	- -
	- -
	- - 
	- -
	Degraded habitat

	Lower Cedar Creek Subwatershed
	
	
	
	
	
	
	
	
	

	North Branch Cedar Creek
	  7.3
	- -
	- -
	- -
	- -
	- -
	Very poor to poor (2)
	Poor to good (4)
	- -

	Lower Milwaukee River Subwatershed
	
	
	
	
	
	
	
	
	

	Pigeon Creek
	  2.4
	100.0 (5)
	100.0 (6)
	100.0 (5)
	100.0 (6)
	- -
	Poor (1)
	Good (3)
	- -

	Beaver Creek
	  2.6
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	Aquatic toxicity

	Southbranch Creek above W. Bradley Road
	  0.1
	100.0 (30)
	100.0 (30)
	100.0 (32)
	3.3 (30)
	38.7 (31)
	- -
	- -
	- -

	Southbranch Creek between W. Bradley Road and N. 55th Street
	  0.2
	100.0 (39)
	100.0 (34)
	100.0 (32)
	12.1 (33)
	32.4 (34)
	- -
	- -
	- -

	Southbranch Creek between N. 55th Street
and N. 47th Street
	  0.5
	100.0 (36)
	100.0 (36)
	100.0 (30)
	11.4 (35)
	22.2 (36)
	- -
	- -
	- -




Table 43 (continued)

	
	
	Percent of Samples Meeting Water Quality Standards and Criteriaa
	
	
	

	Stream Reach
	Stream
Length
(miles)
	Dissolved
Oxygen
	Temperature
	NH3b
	Total
Phosphorusc
	Fecal
Coliform
Bacteria
	Fish Biotic
Index
Ratinga,d
	Macroinvertebrate
Biotic Index Rating
(HBI)a,d
	303(d)
Impairmentse

	Lower Milwaukee River Subwatershed (continued)
	
	
	
	
	
	
	
	
	

	Southbranch Creek between N. 47th Street
and Teutonia Avenue
	  0.5
	91.4 (35)
	100.0 (35)
	100.0 (28)
	29.4 (34)
	8.6 (35)
	- -
	- -
	- -

	Indian Creek
	  1.9
	100.0 (32)
	100.0 (32)
	100.0 (28)
	75.0 (28)
	71.9 (32)
	Very poor (1)
	- -
	Aquatic toxicity, degraded habitat, dissolved oxygen, temperatureo

	Lincoln Creek Subwatershed
	
	
	
	
	
	
	
	
	

	Lincoln Creek above N. 60th Street
	  0.9
	100.0 (81)
	100.0 (81)
	100.0 (74)
	57.5 (80)
	76.3 (80)
	- -
	- -
	Aquatic toxicity, degraded habitat, dissolved oxygen, temperature

	Lincoln Creek between N. 60th Street
and N. 51st Street
	  1.5
	100.0 (79)
	100.0 (80)
	100.0 (65)
	77.2 (79)
	47.5 (80)
	- -
	- -
	Aquatic toxicity, degraded habitat, dissolved oxygen, temperature

	Lincoln Creek between N. 51st Street
and N. 55th Street
	  1.1
	100.0 (61)
	100.0 (61)
	100.0 (56)
	81.7 (60)
	73.3 (60)
	- -
	- -
	Aquatic toxicity, degraded habitat, dissolved oxygen, temperature

	Lincoln Creek between N. 55th Street
and N. 47th Street
	  2.5
	100.0 (100)
	100.0 (100)
	100.0 (83)
	37.6 (93)
	34.5 (84)
	Very poor (1)
	- -
	Aquatic toxicity, degraded habitat, dissolved oxygen, temperature

	Lincoln Creek between N. 47th Street
and Green Bay Avenue
	  2.9
	97.6 (83)
	100.0 (422)
	100.0 (78)
	14.6 (82)
	37.3 (83)
	Very poor (2)
	- -
	Aquatic toxicity, degraded habitat, dissolved oxygen, temperature

	Oak Creek Mainstem
	
	
	
	
	
	
	
	
	

	Oak Creek above W. Ryan Road
	  3.7
	56.9 (51)
	100.0 (52)
	100.0 (52)
	75.0 (52)
	15.7 (51)
	- -
	- -
	Aquatic toxicity

	Oak Creek between STH 38 and
Ryan Road
	  0.8
	98.1 (53)
	100.0 (54)
	100.0 (48)
	79.2 (53)
	15.1 (53)
	- -
	- -
	Aquatic toxicity

	Oak Creek between Forest Hill Road
and STH 38
	  3.0
	75.0 (52)
	100.0 (53)
	100.0 (46)
	58.5 (53)
	25.0 (52)
	- -
	- -
	Aquatic toxicity

	Oak Creek between Pennsylvania Avenue and Forest Hill Road
	  1.5
	84.6 (53)
	100.0 (53)
	100.0 (46)
	69.2 (52)
	18.9 (53)
	- -
	- -
	Aquatic toxicity

	Oak Creek between 15th Avenue
and Pennsylvania Avenue
	  1.9
	100.0 (54)
	100.0 (55)
	100.0 (52)
	63.6 (55)
	14.5 (55)
	- -
	- -
	Aquatic toxicity

	Oak Creek between Oak Creek Parkway East of STH 32 and 15th Avenue
	  1.8
	100.0 (45)
	100.0 (46)
	100.0 (37)
	72.3 (47)
	17.0 (47)
	- -
	- -
	Aquatic toxicity

	Oak Creek between Oak Creek Parkway East of S. Lake Drive and Oak Creek Parkway East of STH 32
	  0.8
	100.0 (52)
	100.0 (53)
	100.0 (48)
	75.9 (54)
	13.0 (54)
	- -
	- -
	Aquatic toxicity
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	Stream Reach
	Stream
Length
(miles)
	Dissolved
Oxygen
	Temperature
	NH3b
	Total
Phosphorusc
	Fecal
Coliform
Bacteria
	Fish Biotic
Index
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	Macroinvertebrate
Biotic Index Rating
(HBI)a,d
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	Oak Creek Tributaries
	
	
	
	
	
	
	
	
	

	Mitchell Field Drainage Ditch
	  5.8
	- -
	100.0 (1)
	100.0 (10)
	45.5 (11)
	- -
	- -
	- -
	Aquatic toxicity

	Root River Mainstem
	
	
	
	
	
	
	
	
	

	Root River above W. Cleveland Avenue
	  1.1
	46.4 (28)
	100.0 (28)
	100.0 (27)
	64.3 (28)
	21.4 (28)
	- -
	- -
	Dissolved oxygen

	Root River between the intersection of
W. National Avenue and W. Oklahoma Avenue and W. Cleveland Avenue
	  0.5
	44.4 (27)
	100.0 (27)
	100.0 (23)
	42.3 (26)
	7.4 (27)
	- -
	- -
	Dissolved oxygen

	Root River between W. Cold Spring Road and the intersection of W. National Avenue and W. Oklahoma Avenue
	  0.8
	53.6 (28)
	100.0 (28)
	100.0 (26)
	67.9 (28)
	25.0 (28)
	Fair (1)
	- -
	Dissolved oxygen

	Root River between W. Grange Avenue and W. Cold Spring Road
	  2.5
	79.5 (39)
	100.0 (39)
	100.0 (33)
	78.9 (38)
	16.1 (31)
	Very poor (1)
	- -
	Dissolved oxygen

	Root River between W. Ryan Road and
W. Grange Avenue
	  8.7
	90.6 (32)
	100.0 (32)
	100.0 (26)
	75.8 (33)
	36.7 (30)
	Very poor (1)
	- -
	Dissolved oxygen

	Root River between W. County Line
Road and W. Ryan Road
	  4.2
	100.0 (25)
	100.0 (26)
	100.0 (24)
	26.9 (26)
	34.6 (26)
	Very poor(1)
	- -
	Dissolved oxygen

	Root River between Johnson Park and
W. County Line Roadp
	12.3
	97.6 (42)
	100.0 (62)
	100.0 (31)
	47.4 (38)
	79.5 (39)
	Very poor to fair (4)
	Fair to very good (6)
	Dissolved oxygenf

	Root River between below the Horlick Dam and Johnson Park
	  5.6
	94.3 (106)
	100.0 (171)
	100.0 (2)
	10.7 (56)
	53.6 (9)
	Fair (1)
	Fair to very good (3)
	- -

	Root River between near the mouth of
the River and below the Horlick Dam
	  5.5
	32.5 (120)
	100.0 (181)
	- -
	8.3 (48)
	20.0 (5)
	Fair to excellent (2)
	Fair to very good (2)
	Fish consumption advisory

	West Branch of the Root River Canal
	10.7
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	Dissolved oxygen

	Root River Canal
	  5.5
	77.6 (98)
	100.0 (104)
	- -
	3.9 (51)
	60.0 (10)
	Very poor (1)
	- -
	Dissolved oxygen

	Husher Creek
	  5.2
	100.0 (4)
	100.0 (6)
	100.0 (4)
	33.3 (6)
	- -
	Very poor (1)
	Poor to fair (2)
	- -

	Lake Michigan Direct Drainage Area
	
	
	
	
	
	
	
	
	

	Fish Creek above W. Port Washington Road
	  2.3
	88.2 (34)
	100.0 (34)
	100.0 (33)
	60.6 (33)
	28.1 (32)
	- -
	- -
	- -

	Fish Creek between W. Port Washington Road and Broadmoor Drive
	  0.6
	97.1 (34)
	100.0 (34)
	100.0 (33)
	51.5 (33)
	33.3 (33)
	- -
	- -
	- -


aNumber in parentheses shows number of samples.

bBased upon the acute toxicity criterion for ammonia.

cTotal phosphorus is compared to the concentration recommended in the original regional water quality management plan as documented in SEWRPC Planning Report No. 30, A Regional Water Quality Management Plan for Southeastern Wisconsin: 2000, Volume One, Inventory Findings, September 1978; Volume Two, Alternative Plans, February 1979; and Volume Three, Recommended Plan, June 1979.
dThe State of Wisconsin has not promulgated water quality standards or criteria for biotic indices.



Table 43 Footnotes (continued)

eAs listed in the Approved Wisconsin 303(d) Impaired Waters List.

fExcept as noted, evaluations of dissolved oxygen, temperature, ammonia, total phosphorus, and fecal coliform bacteria are based on data from 1998-2001.

gA special variance dissolved oxygen standard of 2.0 milligrams per liter applies to the Kinnickinnic River and the Menomonee River downstream of the confluence with Honey Creek, Honey Creek and Underwood Creek from the confluence with the Menomonee River upstream to Juneau Boulevard.

hA special variance standard for fecal coliform bacteria concentration applies to the Kinnickinnic River. Membrane filter fecal coliform counts shall not exceed 1,000 per 100 ml as a monthly geometric mean based on not less than five samples per month nor exceed 2,000 per 100 ml in more than 10 percent of all samples in any month.
iThe lower Menomonee River upstream from the estuary was evaluated for biotic indices as a single reach.

jA special variance standard for fecal coliform bacteria concentration applies to the Menomonee River downstream from the confluence with Honey Creek, Honey Creek and Underwood Creek from the confluence with the Menomonee River upstream to Juneau Boulevard. Membrane filter fecal coliform counts shall not exceed 1,000 per 100 ml as a monthly geometric mean based on not less than five samples per month nor exceed 2,000 per 100 ml in more than 10 percent of all samples in any month.
kThe downstream 1.2 miles of this reach are listed as impaired due to aquatic toxicity, bacteria, low dissolved oxygen concentration, and fish consumption advisories. The upstream portion of this reach is not listed as impaired.

lThe estuary was evaluated for biotic indices as a single reach.

mBased upon data collected in 2003.

nBased upon data collected from 2001-2004.
oThe natural channel downstream of IH 43 is considered impaired. Reaches upstream from IH 43 are not considered impaired.

pThe upstream 1.9 miles of this reach are listed as impaired due to low dissolved oxygen concentrations. The downstream portion of this reach is not listed as impaired.

Source: SEWRPC.

Root Rivers, Oak Creek, and those tributaries for which data exist to assess achievement of water use objectives. Review of data since 1998 shows the following:

· Ammonia concentrations in almost all samples collected from the mainstems of the Kinnickinnic, Menomonee, Milwaukee, and Root Rivers, Oak Creek, and 23 tributary streams to these Rivers were below the acute toxicity criterion for fish and aquatic life for ammonia, indicating compliance with the standard.

· Dissolved oxygen concentrations from the vast majority of samples collected from stations along the mainstem of the Kinnickinnic, Menomonee, and Milwaukee Rivers were at or above the relevant standard in the vast majority of samples, indicating substantial compliance with the standard. Dissolved oxygen concentrations at most stations along the mainstem of Oak Creek were at or above the relevant standard for fish and aquatic life waters in the vast majority of samples, indicating substantial compliance with the standard. The major exception to this generalization occurred in the portion of the mainstem upstream from the confluence with the North Branch of Oak Creek (above W. Ryan Road). In this reach, dissolved oxygen concentrations were below the standard in a substantial portion of the samples, indicating substantial noncompliance with the standard. Dissolved oxygen concentrations from stations along the mainstem of the Root River upstream of W. Grange Avenue and from the station near the mouth of the River were commonly below the relevant standard, indicating frequent violation of the standard. Dissolved oxygen concentrations were at or above the relevant standards in the vast majority of samples in 15 tributary streams, indicating compliance. In four streams, Fish Creek, Lincoln Creek, Quaas Creek, and Southbranch Creek, dissolved oxygen concentrations were occasionally below the relevant standard. Dissolved oxygen concentrations in six other streams, the North Branch of the Milwaukee River, the North Branch of Oak Creek, the Root River Canal, the South Branch of Underwood Creek, Underwood Creek, and the West Branch of the Milwaukee River, were commonly to frequently below the relevant standard, indicating more frequent violation of the standard.

· Water temperatures in all samples taken from the mainstems of the Milwaukee and Root Rivers and Oak Creek were at or below the relevant standard, indicating substantial compliance with the standard. Water temperatures at two sampling stations along the mainstem of the Kinnickinnic River and one sampling station along the mainstem of the Menomonee River occasionally exceeded the relevant standard during the summer, indicating occasional violation of the standard. Water temperatures in 24 tributary streams were always at or below the relevant standard, indicating compliance with the standard. The water temperature in one of 127 samples taken from Cedar Creek was above the relevant standard, indicating an isolated incidence of violation of the standard.

· Fecal coliform bacteria standards were commonly exceeded at stations along the mainstems of the Kinnickinnic, Menomonee, Milwaukee, and Root Rivers, indicating frequent violation of the standard. Fecal coliform bacteria standards were generally exceeded along the mainstem of Oak Creek, indicating a general violation of the standard. Fecal coliform bacteria concentrations were below the standard in one tributary stream and exceeded the standard in one sample out of 14 for a second tributary stream, indicating substantial compliance with the standard in these streams. Concentrations of fecal coliform bacteria in nine tributary streams, Fish Creek, Honey Creek, Indian Creek, Lincoln Creek, the North Branch of the Milwaukee River, the Root River Canal, Southbranch Creek, the South Branch of Underwood Creek, and Underwood Creek, commonly exceeded the relevant standard, indicating frequent violation of the standard.
· Concentrations of total phosphorus in the mainstems of the Kinnickinnic, Menomonee, Milwaukee, and Root Rivers and Oak Creek commonly exceeded the recommended levels in the original regional water quality management plan.
 Total phosphorus concentrations in 20 tributary streams commonly exceeded the recommended concentration. Total phosphorus concentrations in four tributary streams occasionally exceeded the recommended concentration. Total phosphorus concentrations in four tributary streams were at or below the recommended levels.
Thus, during the baseline period the stream reaches for which data are available only partially achieved the designated water use objectives.

Lake Michigan Beaches

During the 1998-2005 extended baseline period for which beach data were analyzed, the designated water use objectives were only being partially achieved at public beaches in the Lake Michigan direct drainage area. Table 44 shows the results of comparisons of water quality data from the baseline period to supporting water quality standards. Review of data from 1998 to 2005 shows that concentrations of E. coli occasionally exceeded 235 cells per ml at some beaches and frequently exceeded this standard at others.

Milwaukee Outer Harbor

During the 1998-2004 extended baseline period for which outer Harbor data were analyzed, the water quality criteria for fish and aquatic life were, for the most part, being achieved in the outer harbor. Table 45 shows the results of comparisons of water quality data from the baseline period to supporting water quality standards. Review of data from 1998 to 2004 shows the following:
· Ammonia concentrations in all samples taken in the outer harbor were below the acute toxicity criterion for fish and aquatic life for ammonia, indicating compliance with the standard.

· Dissolved oxygen concentrations in the vast majority of samples taken in the outer harbor were above the standard of 5.0 mg/l, indicating compliance with the standard.

· Water temperatures in all samples taken from the outer harbor were at or below the relevant standard, indicating compliance with the standard.

· Concentrations of fecal coliform bacteria at most sampling stations in the outer harbor occasionally exceeded 200 cells per 100 ml. At station OH-01 at the confluence with the Milwaukee River, concentrations of fecal coliform bacteria commonly exceeded 200 cells per 100 ml.

· Concentrations of total phosphorus occasionally exceeded the planning levels recommended in the original regional water quality management plan (SEWRPC PR No. 30). This was especially the case at stations located at the mouth of the Milwaukee River and the outfall from the Jones Island WWTP.

· It is important to note that about 88 percent of samples of E. coli collected in the outer harbor had cell counts below 235 cells per 100 ml, the recreational use criterion promulgated for designated bathing beaches by the USEPA.

Toxicity

An additional issue to consider when examining whether stream reaches are achieving water use objectives is whether toxic substances are present in water, sediment, or tissue of aquatic organisms in concentrations sufficient to impair beneficial uses. Table 46 summarizes the data from 1998 to 2004 regarding toxic substances in water, sediment, and tissue from aquatic organisms for the greater Milwaukee watersheds. For toxicants, the baseline period was extended to 2004 in order to take advantage of results from sampling conducted by the USGS for both Phase III of the MMSD Corridor Study Project and the regional water quality management plan update.

Pesticides were detected in water samples collected from the mainstems of the Kinnickinnic, Menomonee, Milwaukee, and Root Rivers and Oak Creek. In addition, pesticides were detected in water samples from six tributary streams. The concentrations detected did not exceed water quality standards. Pesticides were detected in two sediment samples collected from the mainstem of the Milwaukee River during the baseline period. Pesticides 


Table 44

CHARACTERISTICS OF PUBLIC BEACHES IN THE LAKE MICHIGAN DIRECT DRAINAGE AREA: 1998-2005

	Beach
	Monitoring
Priority in 2005a
	Percent of 
Samples Meeting
E. coli Standard
	303(d) Impairmentsb

	Lion’s Den Nature Preserve

	Not monitored
	- -
	- -

	Virmond Park Beach

	Not monitored
	- -
	- -

	Doctors Park Beach

	Medium
	67.1 (108)
	Bacteria

	Klode Park Beach

	Medium
	76.4 (104)
	- -

	Big Bay Park Beach

	Not monitored
	- -
	- -

	Atwater Beach

	Medium
	82.1 (112)
	- -

	Bradford Beach

	High
	64.2 (1,130)
	Bacteria

	Watercraft Beach

	High
	81.7 (229)
	- -

	McKinley Beach

	High
	78.1 (777)
	Bacteria

	South Shore Beach

	High
	53.6 (786)
	Bacteria

	South Shore Beach Rocky Area

	High
	84.5 (232)
	- -

	Bay View Park Beach

	Medium
	81.1 (37)
	- -

	Sheridan Park Beach

	Not monitored
	- -
	- -

	Grant Park Beach

	Medium
	79.3 (115)
	- -

	Bender Park Beach

	Medium
	81.5 (92)
	- -

	Wind Point Lighthouse Beach

	Not monitored
	- -
	- -

	Shoop Park Beach

	Not monitored
	- -
	- -

	Parkway Beach

	Not monitored
	- -
	- -

	Michigan Boulevard Beach

	Not monitored
	- -
	- -

	Zoo Beach

	High
	87.1 (2,119)
	- -

	North Beach

	High
	85.4 (2,461)
	- -


aNumber in parentheses show number of samples.

bAs listed in the Approved Wisconsin 303(d) Impaired Waters List.

Source: SEWRPC.
were detected in tissue from aquatic organisms collected from the Menomonee, Milwaukee, and Root Rivers during the baseline period.

PCBs were detected in water samples collected from the mainstems of the Kinnickinnic, Menomonee, and Milwaukee Rivers and from Cedar and Lincoln Creeks. When PCBs were detected, the concentrations exceeded Wisconsin’s wildlife criterion for water quality. PCBs were also detected in sediment samples collected from sites in the Kinnickinnic and Milwaukee Rivers during the baseline period. In addition, PCBs were detected in sediment samples collected from Cedar and Lincoln Creeks and the North Branch Milwaukee River during the baseline period, and in tissue of fish collected from the mainstem of the Milwaukee River, Cedar Creek, and the Root River below Horlick Dam, often at concentrations necessitating the issuing of fish consumption advisories.

Water samples collected from the mainstems of the Kinnickinnic, Menomonee, Milwaukee, and Root Rivers and Oak Creek showed detectable concentrations of PAHs. Detectable concentrations of PAHs were also found in water samples collected from eight tributary streams. PAHs were detected in sediment samples from the Kinnickinnic and Root Rivers and four tributary streams including the Little Menomonee River. It is important to note that remediation activities are currently ongoing to address the presence of PAHs in sediment in this tributary.

Limited sampling for other organic compounds showed detectable concentrations of several compounds in water from the mainstems of the Kinnickinnic, Menomonee, Milwaukee, and Root Rivers and Oak Creek and from a few tributary streams such as Lincoln Creek. Compounds detected included pharmaceutical and personal care products such as the stimulant caffeine, industrial solvents such as isophorone, dye components such as carbazole, 

Table 45
CHARACTERISTICS OF SAMPLING STATIONS IN THE MILWAUKEE OUTER HARBOR: 1998-2004
	
	Percent of Samples Meeting Water Quality Standards and Criteriaa
	
	
	

	Harbor Station
	Dissolved
Oxygen
	Temperature
	NH3b
	Total
Phosphorusc
	Fecal
Coliform
Bacteria
	E. Coli
	Fish Biotic
Index
Ratingd
	Macroinvertebrate
Biotic Index Rating
(HBI)d
	303(d)
Impairmentse

	OH-01
	95.5 (381)
	100.0 (381)
	100.0 (366)
	84.9 (358)
	69.9 (123)
	100.0 (29)
	- -
	- -
	Aquatic toxicity, bacteria, fish consumption advisory

	OH-02
	97.2 (249)
	100.0 (249)
	100.0 (249)
	74.0 (246)
	86.3 (80)
	88.0 (25)
	- -
	- -
	Aquatic toxicity, bacteria, fish consumption advisory

	OH-03
	100.0 (441)
	100.0 (441)
	100.0 (441)
	90.7 (421)
	75.0 (136)
	100.0 (10)
	- -
	- -
	Aquatic toxicity, bacteria, fish consumption advisory

	OH-04
	100.0 (288)
	100.0 (288)
	100.0 (279)
	96.7 (275)
	88.0 (83)
	80.0 (10)
	- -
	- -
	Aquatic toxicity, bacteria, fish consumption advisory

	OH-05
	100.0 (249)
	100.0 (249)
	100.0 (251)
	98.0 (249)
	93.9 (66)
	- -
	- -
	- -
	Aquatic toxicity, bacteria, fish consumption advisory

	OH-07
	99.7 (363)
	100.0 (363)
	100.0 (263)
	95.9 (362)
	86.7 (113)
	100.0 (25)
	- -
	- -
	Aquatic toxicity, bacteria, fish consumption advisory

	OH-09
	100.0 (246)
	100.0 (246)
	100.0 (246)
	97.5 (244)
	88.4 (69)
	92.0 (25)
	- -
	- -
	Aquatic toxicity, bacteria, fish consumption advisory

	OH-10
	99.6 (246)
	100.0 (246)
	100.0 (246)
	98.8 (245)
	81.7 (71)
	93.0 (25)
	- -
	- -
	Aquatic toxicity, bacteria, fish consumption advisory

	OH-11
	99.4 (330)
	100.0 (330)
	100.0 (315)
	94.9 (312)
	83.2 (95)
	90.0 (25)
	- -
	- -
	Aquatic toxicity, bacteria, fish consumption advisory

	OH-15
	100.0 (132)
	100.0 (132)
	100.0 (132)
	95.3 (129)
	93.3 (60)
	- -
	- -
	- -
	Aquatic toxicity, bacteria, fish consumption advisory


aNumber in parentheses shows number of samples.

bBased upon the acute toxicity criterion for ammonia.

cTotal phosphorus is compared to the concentration recommended in the regional water quality management plan, as documented in SEWRPC Planning Report No. 30, A Regional Water Quality Management Plan for Southeastern Wisconsin: 2000, Volume One, Inventory Findings, September 1978; Volume Two, Alternative Plans, February 1979; and Volume Three, Recommended Plan, June 1979.
dThe State of Wisconsin has not promulgated water quality standards or criteria for biotic indices.

eAs listed in the Approved Wisconsin 303(d) Impaired Waters List.

Source: SEWRPC.

Table 46
TOXICITY CHARACTERISTICS OF STREAMS IN THE GREATER MILWAUKEE WATERSHEDS: 1998-2004a
	
	Pesticides
	Polychlorinated Biphenyls (PCBs)
	Polycyclic Aromatic Hydrocarbons
(PAHs)
	Other Organic Compounds
	Metalsb

	Stream Reach
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue

	Kinnickinnic River
Mainstem
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Kinnickinnic River between Jones Island Ferry and Greenfield Avenue (extended)
	- -
	- -
	- -
	E-38 (13)
	- -
	- -
	D (13)
	- -
	- -
	- -
	- -
	- -
	E-5 (43)
	- -
	- -

	Kinnickinnic River between Greenfield Avenue (extended) and S. 1st Street
	- -
	- -
	- -
	E-31 (13)
	- -
	- -
	D (13)
	- -
	- -
	- -
	- -
	- -
	E-4 (45)
	- -
	- -

	Kinnickinnic River between S. 1st Street and S. 7th Street
	- -
	N (9)
	- -
	E-31 (13)
	D (18)
	- -
	D (13)
	D (18)
	- -
	- -
	N (18)
	- -
	E-37 (43)
	N (18)
	- -

	Kinnickinnic River between S. 7th Street and S. 27th Street
	D (3)c
	- -
	- -
	N (13)
	- -
	- -
	D (13)
	- -
	- -
	D (3)c
	- -
	- -
	E-9 (43)
	- -
	- -

	Kinnickinnic River above S. 27th Street
	- -
	- -
	- -
	N (13)
	- -
	- -
	D (13)
	- -
	- -
	- -
	- -
	- -
	E-16 (44)
	- -
	- -

	Kinnickinnic River Tributaries
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Wilson Park Creek Tributary Upstream of Conduit
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	D (19)
	- -
	- -
	E-8 (15)
	- -
	- -

	Wilson Park Creek Tributary Downstream of Conduit
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	D (20)
	- -
	- -
	E-18 (17)
	- -
	- -

	Wilson Park Creek
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	D (21)
	- -
	- -
	E-19 (16)
	- -
	- -

	Menomonee River Mainstem 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Menomonee River above County Line Road
	- -
	- -
	- -
	E-8 (13)
	- -
	- -
	D (13)
	- -
	- -
	- -
	- -
	- -
	E-57 (45)
	- -
	- -

	Menomonee River between N. 124th Street and County Line Road
	D (3)d
	- -
	- -
	N (13)
	- -
	- -
	D (13)
	- -
	- -
	D (3)d
	- -
	- -
	E-66 (67)
	- -
	- -

	Menomonee River between W. Hampton Avenue and N. 124th Street
	- -
	- -
	- -
	E-8 (13)
	- -
	- -
	D (13)
	- -
	- -
	- -
	- -
	- -
	E-48 (60)
	- -
	- -

	Menomonee River between N. 70th Street and W. Hampton Avenue
	D (3)
	- -
	- -
	N (13)
	- -
	- -
	D (16)
	- -
	- -
	D (3)
	- -
	- -
	E-58 (77)
	- -
	- -

	Menomonee River between N. 25th Street and N. 70th Street
	- -
	- -
	D (1)e
	E-8 (13)
	- -
	D (1)e
	D (13)
	- -
	- -
	- -
	- -
	- -
	E-48 (48)
	- -
	- -


Table 46 (continued)

	
	Pesticides
	Polychlorinated Biphenyls (PCBs)
	Polycyclic Aromatic Hydrocarbons
(PAHs)
	Other Organic Compounds
	Metalsb

	Stream Reach
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue

	Menomonee River Mainstem (continued)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Menomonee River between Muskego Avenue and N. 25th Street
	- -
	- -
	- -
	E-8 (13)
	- -
	- -
	D (13)
	- -
	- -
	- -
	- -
	- -
	E-13 (48)
	- -
	- -

	Menomonee River between Burnham Canal and Muskego Avenue
	- -
	- -
	- -
	E-23 (13)
	- -
	- -
	D (13)
	- -
	- -
	- -
	- -
	- -
	E-40 (47)
	- -
	- -

	Menomonee River between S. 2nd Street and Burnham Canal
	- -
	- -
	- -
	E-38 (13)
	- -
	- -
	D (13)
	- -
	- -
	- -
	- -
	- -
	E-13 (80)
	- -
	- -

	Menomonee River Tributaries
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Willow Creek
	D (3)
	- -
	- -
	- -
	- -
	- -
	D (3)
	- -
	- -
	N (3)
	- -
	- -
	- -
	- -
	- -

	Little Menomonee River
	D (3)
	- -
	- -
	- -
	- -
	- -
	D (3)
	D
	- -
	D (3)
	- -
	- -
	- -
	- -
	- -

	South Branch of Underwood Creek
	- -
	- -
	- -
	- -
	- -
	- -
	D (8)
	- -
	- -
	- -
	- -
	- -
	E-25 (8)
	- -
	- -

	Underwood Creek
	D (3)
	- -
	- -
	- -
	- -
	- -
	D (23)
	- -
	- -
	D (3)
	- -
	- -
	E-35 (20)
	- -
	- -

	Honey Creek
	D (3)
	- -
	- -
	- -
	- -
	- -
	D (23)
	- -
	- -
	D (3)
	- -
	- -
	E-35 (20)
	- -
	- -

	Milwaukee River Mainstem
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Milwaukee River above Dam at Kewaskum
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	E-50 (2)
	- -
	- -

	Milwaukee River between above Dam at Kewaskum and CTH M near Newburg
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	D (1)
	- -
	- -

	Milwaukee River between CTH M near Newburg and Waubeka
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	D (1)
	- -
	- -

	Milwaukee River between Waubeka and Pioneer Road near Cedarburg
	D (3)
	- -
	- -
	E-15 (13)
	- -
	E-22 (9)
	D (13)
	- -
	- -
	D (3)
	- -
	- -
	E-77 (53)
	- -
	- -

	Milwaukee River between Pioneer Road near Cedarburg and W. Brown Deer Road
	- -
	- -
	- -
	E-8 (13)
	- -
	E-100 (33)
	D (13)
	- -
	- -
	- -
	- -
	- -
	E-70 (53)
	- -
	E-100 (9)

	Milwaukee River between W. Brown Deer Road and E. Silver Spring Drive
	- -
	- -
	- -
	E-8 (12)
	- -
	- -
	D (13)
	- -
	- -
	- -
	- -
	- -
	E-72 (53)
	- -
	- -


Table 46 (continued)

	
	Pesticides
	Polychlorinated Biphenyls (PCBs)
	Polycyclic Aromatic Hydrocarbons
(PAHs)
	Other Organic Compounds
	Metalsb

	Stream Reach
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue

	Milwaukee River Mainstem (continued)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Milwaukee River between E. Silver Spring Drive and N. Port Washington Road
	- -
	- -
	- -
	E-25 (12)
	- -
	- -
	D (13)
	- -
	- -
	D (6)
	- -
	- -
	E-77 (53)
	- -
	- -

	Milwaukee River between N. Port Washington Road and Estabrook Park
	D (49)
	D (2)
	- -
	- -
	D (91)
	- -
	D (3)
	- -
	- -
	- -
	- -
	- -
	D (2)
	D (4)
	- -

	Milwaukee River between Estabrook Park and former North Avenue Dam
	- -
	- -
	- -
	E-42 (12)
	- -
	- -
	D (12)
	- -
	- -
	- -
	- -
	- -
	E-2 (46)
	- -
	- -

	Milwaukee River between former North Avenue Dam and Walnut Street
	- -
	- -
	D (3)
	E-31 (13)
	- -
	E-100 (24)
	D (12)
	- -
	- -
	- -
	- -
	- -
	E-23 (52)
	- -
	E-100 (9)

	Milwaukee River between Walnut Street and Wells Street
	- -
	- -
	- -
	E-31 (13)
	- -
	- -
	D (13)
	- -
	- -
	- -
	- -
	- -
	E-24 (49)
	- -
	- -

	Milwaukee River between Wells Street and Water Street
	- -
	- -
	- -
	E-31 (13)
	- -
	- -
	D (13)
	- -
	- -
	- -
	- -
	- -
	E-9 (53)
	- -
	- -

	Milwaukee River between Water Street and Union Pacific Railroad
	- -
	- -
	- -
	E-23 (13)
	- -
	- -
	D (13)
	- -
	- -
	- -
	- -
	- -
	E-3 (63)
	- -
	- -

	Milwaukee River between Union Pacific Railroad and Confluence with Lake Michigan
	D (3)
	- -
	- -
	- -
	- -
	- -
	D (3)
	- -
	- -
	D (3)
	- -
	- -
	- -
	- -
	- -

	East Branch Milwaukee River Subwatershed
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	East Branch Milwaukee River from Long Lake to STH 28
	- -
	N (4)
	- -
	- -
	N (4)
	- -
	- -
	D (4)
	- -
	- -
	- -
	- -
	- -
	D (4)
	- -

	Unnamed Creek (T14N R19E SE NW 36) Parnell Creek
	N (3)
	- -
	- -
	- -
	- -
	- -
	N (3)
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -

	North Branch Milwaukee River Subwatershed
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	North Branch Milwaukee River
	D (6)
	N (4)
	- -
	- -
	D (4)
	- -
	- -
	D (4)
	- -
	- -
	- -
	- -
	- -
	D (4)
	- -

	Cedar Creek Subwatershed
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Cedar Creek
	- -
	- -
	- -
	E-91 (22)
	D (50)
	E-80 (66)
	- -
	D (22)
	- -
	- -
	- -
	- -
	N (1)
	D (10)
	D (4)




Table 46 (continued)

	
	Pesticides
	Polychlorinated Biphenyls (PCBs)
	Polycyclic Aromatic Hydrocarbons
(PAHs)
	Other Organic Compounds
	Metalsb

	Stream Reach
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue

	Lower Milwaukee River Subwatershed
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Southbranch Creek above W. Bradley Road
	- -
	- -
	- -
	N (3)
	- -
	- -
	D (3)
	- -
	- -
	- -
	- -
	- -
	E-7 (28)
	- -
	- -

	Southbranch Creek between W. Bradley Road and N. 55th Street
	- -
	- -
	- -
	N (5)
	- -
	- -
	D (5)
	- -
	- -
	- -
	- -
	- -
	E-25 (28)
	- -
	- -

	Southbranch Creek between N. 55th Street and N. 47th Street
	- -
	- -
	- -
	N (5)
	- -
	- -
	D (5)
	- -
	- -
	- -
	- -
	- -
	E-7 (29)
	- -
	- -

	Southbranch Creek between N. 47th Street and Teutonia Avenue
	- -
	- -
	- -
	N (5)
	- -
	- -
	D (5)
	- -
	- -
	- -
	- -
	- -
	E-40 (30)
	- -
	- -

	Indian Creek
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	E-13 (8)
	- -
	- -

	Lincoln Creek Subwatershed
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Lincoln Creek above N. 60th Street
	- -
	- -
	- -
	E-8 (13)
	- -
	- -
	D (13)
	- -
	- -
	- -
	- -
	- -
	E-12 (66)
	- -
	- -

	Lincoln Creek between N. 60th Street and N. 51st Street
	- -
	- -
	- -
	N (13)
	- -
	- -
	D (13)
	- -
	- -
	- -
	- -
	- -
	E-8 (49)
	- -
	- -

	Lincoln Creek between N. 51st Street and N. 55th Street
	- -
	- -
	- -
	E-11 (9)
	- -
	- -
	D (9)
	- -
	- -
	- -
	- -
	- -
	D (54)
	- -
	- -

	Lincoln Creek between N. 55th Street and N. 47th Street
	D (13)
	N (1)
	- -
	N (12)
	- -
	- -
	D (14)
	- -
	- -
	D (11)
	- -
	- -
	E-9 (67)
	- -
	- -

	Lincoln Creek between N. 47th Street and Green Bay Avenue
	- -
	- -
	- -
	E-31 (13)
	- -
	- -
	D (13)
	- -
	- -
	- -
	- -
	- -
	E-57 (54)
	- -
	- -

	Lincoln Creek between Green Bay Avenue and the Confluence with the Milwaukee River
	- -
	- -
	- -
	- -
	D (17)
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -

	Oak Creek Mainstem
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Oak Creek above W. Ryan Road
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	E-24 (38)
	- -
	- -

	Oak Creek between STH 38 and W. Ryan Road
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	E-15 (38)
	- -
	- -

	Oak Creek between Forest Hill Road and STH 38
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	E-29 (39)
	- -
	- -

	Oak Creek between Pennsylvania Avenue and Forest Hill Road
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	E-22 (37)
	- -
	- -


Table 46 (continued)
	
	Pesticides
	Polychlorinated Biphenyls (PCBs)
	Polycyclic Aromatic Hydrocarbons
(PAHs)
	Other Organic Compounds
	Metalsb

	Stream Reach
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue

	Oak Creek Mainstem (continued)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Oak Creek between 15th Avenue and Pennsylvania Avenue
	D (3)
	- -
	- -
	- -
	- -
	- -
	D (3)
	- -
	- -
	D (3)
	- -
	- -
	E-26 (39)
	- -
	- -

	Oak Creek between Oak Creek Parkway East of STH 32 and 15th Avenue
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	E-35 (34)
	- -
	- -

	Oak Creek between Oak Creek Parkway East of S. Lake Drive and Oak Creek Parkway East of STH 32
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	E-25 (40)
	- -
	- -

	Oak Creek Tributaries
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Mitchell Field Drainage Ditch
	- -
	- -
	
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	D (5)
	- -
	- -

	Root River Mainstem
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Root River above W. Cleveland Avenue
	- -
	- -
	- -
	N (6)
	- -
	- -
	D (6)
	- -
	- -
	- -
	- -
	- -
	E-44 (25)
	- -
	- -

	Root River between the Intersection of W. National Avenue and W. Oklahoma Avenue and W. Cleveland Avenue
	- -
	- -
	- -
	N (6)
	- -
	- -
	D (6)
	- -
	- -
	- -
	- -
	- -
	E-46 (24)
	- -
	- -

	Root River between W. Cold Spring Road and the Intersection of W. National Avenue and W. Oklahoma Avenue
	- -
	- -
	- -
	N (6)
	- -
	- -
	D (6)
	- -
	- -
	- -
	- -
	- -
	E-44 (25)
	- -
	- -

	Root River between W. Grange Avenue and W. Cold Spring Road
	D (5)
	- -
	- -
	N (6)
	- -
	- -
	D (9)
	- -
	- -
	D (3)
	- -
	- -
	E-45 (24)
	- -
	- -

	Root River between W. Ryan Road and W. Grange Avenue
	D (3)
	- -
	- -
	N (6)
	- -
	- -
	D (6)
	- -
	- -
	D (3)
	- -
	- -
	E-41 (25)
	- -
	- -

	Root River between W. County Line Road and W. Ryan Road
	- -
	- -
	- -
	N (6)
	- -
	- -
	D (6)
	- -
	- -
	- -
	- -
	- -
	E-50 (20)
	- -
	- -

	Root River between Johnson Park and W. County Line Road
	- -
	- -
	- -
	N (6)
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	E-100 (10)
	- -
	- -




Table 46 (continued)

	
	Pesticides
	Polychlorinated Biphenyls (PCBs)
	Polycyclic Aromatic Hydrocarbons
(PAHs)
	Other Organic Compounds
	Metalsb

	Stream Reach
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue
	Water
	Sediment
	Tissue

	Root River Mainstem (continued)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Root River between below the Horlick Dam and Johnson Park
	D (5)
	- -
	- -
	- -
	- -
	- -
	- -
	D (3)
	- -
	- -
	- -
	- -
	D (6)
	D (3)
	- -

	Root River between near the Mouth of the River and below the Horlick Dam
	- -
	- -
	D (7)
	- -
	- -
	E-100 (31)f
	- -
	- -
	- -
	- -
	- -
	- -
	D (6)
	- -
	E-100 (13)f

	Root River Tributaries
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Root River Canal
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	D (10)
	- -
	- -

	Crayfish Creek
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	D (1)
	- -

	Lake Michigan Direct Drainage Area
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Fish Creek above N. Port Washington Road
	- -
	- -
	- -
	- -
	- -
	- -
	D (26)g
	- -
	- -
	- -
	- -
	- -
	E-75 (8)
	- -
	- -

	Fish Creek between N. Port Washington Road and Broadmoor Drive
	- -
	- -
	- -
	- -
	- -
	- -
	D (26)g
	- -
	- -
	- -
	- -
	- -
	E-75 (8)
	- -
	- -


NOTE:
E-X denotes exceedence of a water quality standard in X percent of the samples, D denotes detection of a substance in this class in at least one sample, N denotes that no substances in this class were detected in any sample.

aNumber in parentheses indicates sample size.

bMetals sampled were arsenic, cadmium, chromium, copper, lead, mercury, nickel, and zinc. Sample sizes are shown for most metals. Mercury was sampled less frequently.

cThese samples were taken at S. 11th Street.

dThese samples were taken at Pilgrim Road.
eThese samples were taken upstream of N. 35th Street.
fTissue concentration exceeds threshold used by WDNR for issuing fish consumption advisories.

gThis included samples for PAHs in water collected in 2005.
Source:
SEWRPC.

aroma and flavoring agents such as acetophenone and camphor, flame retardants, insect repellants such as DEET, and metabolites of nonionic detergents. In addition, the aircraft deicing compounds ethylene glycol and propylene glycol were detected in water samples from Wilson Park Creek. Where water quality criteria have been promulgated, the concentrations of these substances were below the relevant criteria.

Finally, water samples from stations along the mainstems of the Kinnickinnic, Menomonee, Milwaukee, and Root Rivers and Oak Creek and from a small number of tributary streams were examined for concentrations of arsenic, cadmium, chromium, copper, lead, mercury, nickel, and zinc. While the sample sizes given in Table 46 are representative of sampling for most of these metals, it is important to note that mercury was sampled less intensively. The number of samples analyzed for mercury was about two-thirds the number analyzed for other metals. Detectable concentrations of each of these metals were present in samples from each of the major rivers and streams tested and from nine tributary streams. Concentrations of mercury in water commonly exceeded both the human threshold concentration for public health and welfare and the wildlife criterion for surface water quality. The percentage of samples exceeding the lower of these two concentrations is given in Table 46. Concentrations of copper in water samples occasionally exceeded the EPA’s criterion maximum concentration (CMC) for copper. At some stations, concentrations of cadmium, chromium, lead, nickel, and zinc occasionally exceeded the chronic toxicity criteria for aquatic life, or more rarely, the acute toxicity criteria for aquatic life. Detectable concentrations of toxic metals were also found in sediment samples collected during the baseline period from sites along the mainstems of the Milwaukee and Root Rivers and from four tributary streams.
The summary above suggests that some beneficial uses are being impaired by the presence of contaminants, especially PCBs and mercury. The fish consumption advisories in effect shown in Tables 38 and 39 reflect this.

Impaired Waters

Section 303(d) of the Clean Water Act requires that the states periodically submit a list of impaired waters to the USEPA for approval. While Wisconsin most recently submitted this list in 2006, the most recent list approved by the USEPA as of April 2007 was submitted in 2004.
 Maps 29 through 34 graphically depict and Table 43 lists stream reaches in the greater Milwaukee watersheds that are classified as being impaired waters in the most recently approved list.

One section of the mainstem of the Kinnickinnic River is listed as impaired, the 2.5-mile reach of variance water between the confluence with the Milwaukee River and S. Chase Avenue is considered impaired due to aquatic toxicity, bacterial contamination, fish consumption advisories necessitated by high concentrations of PCBs in the tissue of fish collected from this reach, and lack of compliance with standards for dissolved oxygen concentration. Bacteria, metals, phosphorus, and PCBs from contaminated sediment and a combination of point and nonpoint sources are cited as factors contributing to the impairment of this section of the River. One pond in the Kinnickinnic River watershed, Jackson Park Pond in the City of Milwaukee, is considered impaired due to fish consumption advisories necessitated by high concentrations of PCBs in the tissue of fish collected from this pond. Contaminated sediment is cited as a factor contributing to the impairment of this pond.

One section of the mainstem of the Menomonee River is listed as impaired, the 3.0-mile-reach of variance water between the confluence with the Milwaukee River and the site of the former Falk dam is considered impaired due to aquatic toxicity, bacterial contamination, fish consumption advisories necessitated by high concentrations of PCBs in the tissue of fish collected from this reach, and lack of compliance with standards for dissolved oxygen concentration. Bacteria, metals, phosphorus, and PCBs from contaminated sediment and a combination of point and nonpoint sources are cited as factors contributing to the impairment of this section of the River. One tributary in the Menomonee River watershed, the Little Menomonee River, is also considered impaired, due to aquatic toxicity related to the presence of PAHs in contaminated sediment.

Map 29

IMPAIRED WATERS WITHIN THE KINNICKINNIC RIVER WATERSHED: 2004

Map 30

IMPAIRED WATERS WITHIN THE MENOMONEE RIVER WATERSHED: 2004

Map 31

IMPAIRED WATERS WITHIN THE MILWAUKEE RIVER WATERSHED: 2004

Map 32

IMPAIRED WATERS WITHIN THE OAK CREEK WATERSHED: 2004

Map 33

IMPAIRED WATERS WITHIN THE ROOT RIVER WATERSHED: 2004

Map 34

IMPAIRED WATERS WITHIN THE AREA TRIBUTARY TO LAKE MICHIGAN: 2004

Three sections of the mainstem of the Milwaukee River are listed as impaired. The section of the River upstream of the Lime Kiln dam in the Village of Grafton is considered impaired due to fish consumption advisories necessitated by high concentrations of PCBs in the tissue of fish collected from this reach. A 25-mile section of the Milwaukee River between the City of Grafton and site of the former North Avenue dam is considered impaired due to bacterial contamination and fish consumption advisories necessitated by high concentrations of PCBs in the tissue of fish collected from this reach. The 3.1-mile reach of variance water between the confluence with Lake Michigan and the site of the former North Avenue dam is considered impaired due to aquatic toxicity, bacterial contamination, fish consumption advisories necessitated by high concentrations of PCBs in the tissue of fish collected from this reach, and lack of compliance with standards for dissolved oxygen concentration. Bacteria, metals, phosphorus, and PCBs from contaminated sediment and a combination of point and nonpoint sources are cited as factors contributing to the impairment of this section of the River. Several tributary streams are also listed as impaired. Adell Tributary, Evergreen Creek, Jackson Creek, and Lehner Creek are considered impaired due to habitat degradation from sedimentation related to nonpoint source pollution. Lehner Creek is also considered impaired due to high water temperatures. Beaver Creek is considered impaired due to aquatic toxicity related to nonpoint source pollution. A five-mile section of Cedar Creek between Bridge Road in the City of Cedarburg and the confluence with the Milwaukee River is considered impaired due to fish consumption advisories necessitated by high concentrations of PCBs in the tissue of fish collected from this reach. PCBs from contaminated sediments are cited as factors contributing to the impairment of this section of Cedar Creek. Indian Creek downstream from IH 43, which is classified as a variance water, is considered impaired due to aquatic toxicity, degraded habitat, lack of compliance with standards for dissolved oxygen concentration, and high temperatures. Metals, phosphorus, and sedimentation related to nonpoint source pollution are cited as contributing to the impairment of this section of stream. Lincoln Creek, which is classified as a variance water, is considered impaired due to aquatic toxicity, degraded habitat, lack of compliance with standards for dissolved oxygen concentration, and high temperatures. Metals, PAHs, phosphorus, and sedimentation from undetermined sources are cited as factors contributing to the impairment of this stream.

Two lakes and one pond in the Milwaukee River watershed are also listed as being impaired. Forest Lake and Mauthe Lake are considered impaired due to fish consumption advisories necessitated by high concentrations of mercury in the tissue of fish collected from these lakes. Atmospheric deposition of mercury is cited as contributing to these impairments. Zeunert Pond in the City of Cedarburg is also considered impaired due to fish consumption advisories necessitated by high concentrations of mercury in the tissue of fish collected from this pond. Mercury in contaminated sediment is cited as contributing to this impairment.

The entire 13.0-mile length of the mainstem of Oak Creek is listed as being impaired due to aquatic toxicity related to undetermined pollutants. A combination of point and nonpoint sources is cited as factors contributing to the impairment of the Creek.

Two sections of the mainstem of the Root River are listed as impaired. Approximately 12 stream-miles in the reach of the River between 21 and 43 miles upstream from the confluence with Lake Michigan is considered impaired due to lack of compliance with standards for dissolved oxygen concentration. Phosphorus and sedimentation from a combination of point and nonpoint sources are cited as factors contributing to the impairment of this section of the River. Samples collected during the extended baseline period suggest that low dissolved oxygen concentrations may no longer be impairing the downstream portion of this reach (see Chapter IX in SEWRPC Technical Report No. 39). A six-mile section of the Root River between the Horlick dam and the confluence with Lake Michigan is considered impaired due to fish consumption advisories necessitated by high concentrations of PCBs in the tissue of fish collected from this reach. Two tributary streams are also listed as impaired. The Root River Canal is considered impaired due to lack of compliance with standards for dissolved oxygen concentration. Phosphorus and sedimentation mostly from nonpoint sources are cited as factors contributing to the impairment of this stream. The West Branch of the Root River Canal is considered impaired due to lack of compliance with standards for dissolved oxygen concentration. Phosphorus and sedimentation mostly from nonpoint sources are cited as factors contributing to the impairment of this stream.

The Milwaukee Harbor estuary and outer harbor are classified as being impaired waters. As described above, the portions of the Kinnickinnic, Menomonee, and Milwaukee Rivers in the estuary are listed as impaired due to aquatic toxicity, high bacteria concentrations, low concentrations of dissolved oxygen, and fish consumption advisories necessitated by high concentrations of PCBs in the tissue of fish collected from this area. Bacteria, metals, phosphorus, and PCBs from contaminated sediment and a combination of point and nonpoint sources are cited as factors contributing to the impairment of the estuary. The outer harbor is listed as impaired due to aquatic toxicity, high bacteria concentrations, and fish consumption advisories necessitated by high concentrations of PCBs in the tissue of fish collected from this area. Bacteria, metals, and PCBs from contaminated sediment and a combination of point and nonpoint sources are cited as factors contributing to the impairment of the outer harbor.
Four public beaches along the Lake Michigan shore in the Lake Michigan direct drainage area are also listed as being impaired. Bradford Beach, Doctors Park Beach, McKinley Beach, and South Shore Beach are considered impaired due to bacteria counts exceeding standards from the Beach Act of 2000.

GROUNDWATER CONDiTIONS

SEWRPC, working with the USGS, Wisconsin Geological and Natural History Survey (WGNHS), the University of Wisconsin-Milwaukee (UWM), and the WDNR, has completed two major groundwater studies for the Southeastern Wisconsin Region that will be important resources for regional and local planning. These studies include a regional groundwater inventory and analysis and the development of a regional aquifer simulation model. The groundwater inventory and analysis findings are presented in SEWRPC Technical Report No. 37, Groundwater Resources of Southeastern Wisconsin, June 2002. The aquifer simulation model is documented in SEWRPC Technical Report No. 41, A Regional Aquifer Simulation Model for Southeastern Wisconsin, June 2005. In addition, the third, and final, component of the SEWRPC regional groundwater planning program is underway and is documented in SEWRPC Planning Report No. 52, A Regional Water Supply Plan for Southeastern Wisconsin, in progress. Groundwater quality data available for the Region are provided in SEWRPC Technical Report No. 37 and the data summarized here are largely drawn from that report. These data have been supplemented with data obtained from the WDNR Groundwater Retrieval Network (GRN) databases.

Geology and Groundwater Resources

From the standpoint of groundwater occurrence, all rock formations that underlie the Region can be classified as either aquifers or as confining beds. An aquifer is a rock formation or sand and gravel unit that will yield water in a useable quantity to a well or spring. A confining bed, such as shale or siltstone, is a rock formation unit having relatively low permeability that restricts the movement of groundwater either into or out of adjacent aquifers and does not yield water in useable amounts to wells and springs.

In general, groundwater occurs within three major aquifers that underlie the study area. From the land’s surface downward, they are: 1) the sand and gravel deposits in the glacial drift; 2) the shallow dolomite strata in the underlying bedrock; and 3) the deeper sandstone, dolomite, siltstone and shale strata. Because of their proximity to the land’s surface and hydraulic interconnection, the first two aquifers are commonly referred to collectively as the “shallow aquifer,” while the latter is referred to as the deep aquifer. Within the study area, the shallow and deep aquifers are separated by the Maquoketa shale, which forms a relatively impermeable barrier between the two aquifers (See Figure 46).

The aquifers of southeastern Wisconsin extend to depths, reaching in excess of 1,500 feet in the eastern parts of the Region, including the regional water quality management plan update study area. The general characteristics of three major aquifers set forth above can be refined to group rock formations within the study area into five aquifers, two confining beds, and two semi-confining beds (See Figure 46 and Table 47). The aquifers are, in descending order, the Quaternary sand and gravel; Silurian dolomite; Galena-Platteville; upper sandstone; and lower sandstone. The confining beds are the Maquoketa Formation and the Precambrian crystalline rock. The shaly Antrim formation and siltstone and shaly dolomite of the Milwaukee Formation constitute the uppermost 


Figure 46

AQUIFER SYSTEMS IN SOUTHEASTERN WISCONSIN
[image: image25.wmf]
Source: Eaton, 1997; Mai and Dott, 1985; Peters, 1997; and Young, 1992.

semi-confining bed; the silty dolomite and fine-grained sandstone of the St. Lawrence Formation-Tunnel City Group constitute the lower semi-confining bed in parts of the Region.

Like surface water, groundwater is susceptible to depletion in quantity and to deterioration in quality as a result of urban and rural development. Consequently, water quality management planning must appropriately consider the potential impacts of urban and rural development on this important resource. Water quality management and land use planning must also take into account, as appropriate, natural conditions which may limit the use of groundwater as a source of water supply, including relatively high levels of naturally occurring radium in groundwater in the deep sandstone aquifer, found in certain parts of the study area. Other considerations that may limit the uses of groundwater include decreasing aquifer levels and increasing concentrations of dissolved solids and other constituents.

Table 47

HYDROGEOLOGIC UNITS OF SOUTHEASTERN WISCONSIN

	Geologic Age
	Rock Unit
	Hydrogeologic Unit
	Water Yield

	Quaternary
	Undifferentiated
	Sand and gravel aquifer
	Small to large yields; thick sections yield several hundred gallons per minute

	Devonian
	Antrim Fm.1
	Semi-confining unit
	Yields little water

	
	Milwaukee Fm.1
	
	

	
	Thiensville Fm.1
	Silurian dolomite aquifer
	Small to large yields (10s – 100s gpm) depending upon lithology and number and size of solution channels and fractures. Main water-producing units: Thiensville, basal member of Racine, and Mayville (Rovey and Cherkauer, 1994a)



	Silurian
	Waubekee Fm.1
	
	

	
	Racine Fm.2
	
	

	
	Waukesha Fm.2
	
	

	
	Brandon Bridge beds2
	
	

	
	Byron Fm.2
	
	

	
	Mayville Fm.2
	
	

	Ordovician
	Maquoketa Fm.2
	Confining unit
	Yields little or no water

	
	Sinnipee Group
	Galena Fm.
	Galena-Platteville aquifer
	Yields little water where overlain by Maquoketa Formation. Commonly yields a few tens of gpm west of Maquoketa

	
	
	(Decorah Fm.)3
	
	

	
	
	Platteville Fm.
	
	

	
	Ancell Group
	(Glenwood Fm.)3
	Upper sandstone aquifer
	Moderate to large yields 
(100-500 gpm)

	
	
	St. Peter Fm.
	
	

	
	Prairie du Chien Group
	Shakopee Fm.2
	
	Small yields (10s of gpm)

	
	
	Oneota Fm.2
	
	

	Cambrian
	Trempealeau Group
	Jordan Fm.2
	
	Moderate yields (100s gpm)

	
	
	St. Lawrence Fm.2
	Semi-confining unit
	Yields little water

	
	Tunnel City Group
	
	Yields little water

	
	Elk Mound Group
	Wonewoc Fm.2
	Lower sandstone aquifer
	Moderate to large yields 
(100s – 1,000s of gpm)

	
	
	Eau Claire Fm.
	
	

	
	
	Mt. Simon Fm.
	
	

	Precambrian
	Undifferentiated
	Confining bed
	Yields little or no water


NOTE:
Fm. = Formation; gpm = gallons per minute; for description, see Chapter V; 1.only in eastern Milwaukee and Ozaukee Counties; 2 not always present in the entire Region; 3 thin or locally absent.

Source:
A. Zaporozec, 1997.

Groundwater Quality

The chemical composition of groundwater largely depends on the composition and physical properties of the soil and rock formations it has been in contact with, the residence time of the water, and the antecedent water quality. The chemical composition of groundwater in the Region and the study area is primarily a result of its movement through, and interaction with, Pleistocene unconsolidated materials and Paleozoic rock formations. The latter contain large amounts of dolomite—CaMg(CO3)2—that is dissolved by water passing through the rock formations. In general, groundwater quality tends to be relatively uniform within a given aquifer, both spatially and temporally, but major differences in groundwater quality exist within the Region. The current quality of groundwater in both the shallow and deep aquifers underlying the Region is generally good and suitable for most uses, although localized water quality problems occur in some areas. The exception to this is the concentration of radium exceeding drinking water standards which occurs in some portions of the deep sandstone aquifer underlying the Region, but which is not prevalent in wells in the study area.
Groundwater in the Region contains all the major ions that commonly dominate the composition of natural waters: calcium (Ca2+), magnesium (Mg2+), and sodium (Na+) cations and bicarbonate (HCO3-), sulfate (SO42‑), and chloride (Cl-) anions. The areal distribution and predominance of these major ions can be used to classify the groundwater into hydrochemical facies, i.e., the chemical type of water. Groundwater may be classified as a calcium-magnesium-bicarbonate (Ca-Mg-HCO3) type in most of the Region. The water chemistry of the shallow and deep aquifers systems underlying the Region are very similar. The most pronounced geochemical changes occur in the confined parts of the deep aquifer system. From the western edge of the Maquoketa shale east toward Lake Michigan, water chemistry changes sequentially from Ca-Mg-HCO3 to Ca-Na-SO4-Cl to Na-SO4-Cl type.

Dissolved Solids

Dissolved solids concentration and hardness are good initial indicators of water quality. Concentrations of dissolved solids are primarily in the 300 to 400 mg/l range within the Region. The recommended maximum concentration for drinking water of 500 mg/l is exceeded only locally in isolated areas, primarily in the east-central part of the Region, which includes part of the regional water quality management plan update study area. The dissolved-solids concentration generally increases from west to east, generally in the direction of groundwater movement, and with depth and increased thickness of the aquifer. Available data show negligible differences between individual aquifers on a Regional basis. Dissolved solids concentrations in the sand and gravel aquifer are generally between about 300 mg/l to 400 mg/l, though locally they may exceed 400 mg/l. Dissolved solids concentrations in the Silurian dolomite aquifer are between about 300 mg/l to 400 mg/l, though they are generally lower along the Lake Michigan shore and higher in Ozaukee and Milwaukee Counties and eastern Waukesha County. Dissolved solids concentrations in the sandstone aquifer are generally between about 300 mg/l to 400 mg/l in the west, increasing toward the east to more than 600 mg/l.
Map 35 shows the distribution of dissolved-solids concentration in the Silurian dolomite aquifer, the prevalent shallow aquifer in the Region and the study area. The map also shows those wells for which available data indicate concentrations above 1,000 mg/l. Water containing high dissolved solids is occasionally reported by drillers of new wells in the aquifer. Water containing more than 1,000 mg/l dissolved solids is considered saline water. The highest concentration of dissolved solids documented within the Region was 6,690 mg/l for a composite sample from a well tapping the Silurian dolomite, Galena-Platteville dolomite, and St. Peter sandstone aquifers in northeastern Milwaukee County.

Hardness

Hardness in groundwater underlying the Region and the study area is generally high due to the dominance of calcium-magnesium cations in the groundwater (Map 36). Hardness is reported in terms of equivalent concentration of calcium carbonate in milligrams per liter (mg/l as CaCO3). No Federal or State standards for hardness have been promulgated, but water with a hardness of less than 100 mg/l as CaCO3 is generally considered as suitable for domestic uses. Water having more than 180 mg/l as CaCO3 is considered very hard, and softening is required for most purposes. Hardness does vary somewhat between the aquifers underlying the study area.
 Hardness levels in the sand and gravel aquifer vary in the Region, ranging from 164 mg/l as CaCO3 in Racine County to 353 mg/l as CaCO3 in Waukesha County. Mean hardness levels in the Silurian dolomite aquifer range from 241 mg/l as CaCO3 in Kenosha County to 722 mg/l as CaCO3 in Ozaukee County. Mean hardness levels in the sandstone aquifer range from 154 mg/l as CaCO3 in Kenosha County to between 350 mg/l as CaCO3 and 390 mg/l as CaCO3 in Milwaukee, Ozaukee, Washington, and Waukesha Counties.

Map 35

GENERALIZED MAP OF TOTAL DISSOLVED SOLIDS CONCENTRATION IN THE SILURIAN DOLOMITE AQUIFER WITHIN THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA

Map 36

AREAL DISTRIBUTION OF HARDNESS OF GROUNDWATER IN THE SHALLOW AQUIFERS WITHIN THE REGIONAL WATER QUALITY MANAGEMENT PLAN UPDATE STUDY AREA
The hardest water in the Region is found in the regional water quality management plan update study area in northern Milwaukee County and northeastern Waukesha County with values exceeding 360 mg/l as CaCO3. Hardness in excess of 360 mg/l as CaCO3, or even 500 mg/l as CaCO3 is common in wells in the Villages of Brown Deer and Menomonee Falls, and the Cities of Brookfield, Glendale, and Milwaukee. Two wells in the Village of River Hills have measured hardness exceeding 1,500 mg/l as CaCO3.

Trace Elements

Concentrations of some constituents, normally found in trace amounts, exceeded limits in some areas of the Region and may limit the usefulness of groundwater for certain purposes. Barium concentrations may exceed the limit of one mg/l in a 30-mile broad band running through the western part of Washington County, most of Waukesha County, eastern Walworth County, and western Racine and Kenosha Counties. The band includes significant portions of the study area. The higher barium concentrations may be attributed to a zone of reducing conditions in the confined aquifer system, extending from northeastern Illinois to Wisconsin. Radium concentrations (radium-226 and radium-228 combined) in some parts of the confined deep aquifer system exceed the current drinking water standard. The sources of the high radium concentrations in the groundwater may be attributed to the occurrence of uranium and thorium in the matrix of sandstones.

Water Quality Concerns

Some water quality problems are caused by natural factors, which cannot be controlled. For example, the abundant dolomite material in the Region releases calcium and magnesium, which form about one-half of all ions in groundwater and are the principal components of hardness. Therefore, hardness is objectionably high in the groundwater underlying most of the study area (see Map 36), and softening is required for almost all water uses.

The deep aquifer water in some parts of the Region contains saline water, that is, water with dissolved solids concentrations greater than 1,000 mg/l. But saline water can also occur in the shallow aquifer system through hydraulic connection between the deep and shallow aquifer systems. Dissolved solids concentrations in excess of 1,000 mg/l have been documented in the study area in southeastern Ozaukee County and northeastern Milwaukee County.
 Several areas in southwestern Ozaukee, northeastern Waukesha, and northern Milwaukee Counties have been reported where saline water is suspected or has been found to be beneath the shallow aquifer system.
 Some locations of wells in the shallow aquifer system containing more than 1,000 mg/l of dissolved solids are shown on Map 35.

Naturally occurring radioactivity in groundwater, including radium and radon, has become a concern in Wisconsin in recent years. The State initiated several studies to examine the occurrence and extent of these naturally occurring contaminants. Radon does not appear to be a problem in the shallow aquifer of Southeastern Wisconsin. The source of radium in groundwater is the naturally occurring radium content of certain types of rock formations in the deep sandstone aquifer. Based on the consumer confidence reports for 2005 issued by the WDNR, only one of the 18 water supply systems in the study area reported an exceedence of the current five picocuries per liter EPA and State maximum contaminant level (MCL) standard for radium (combined radium-226 and radium-228). The 2005 consumer confidence reports also reported an exceedence of the current MCL standard for radionucleides.

Another naturally occurring element, arsenic, is also a concern. The new Federal and State MCL standard is 10 µg/l. The primary zone of arsenic mineralization is considered to be below the bottom of the Galena-Platteville dolomite formation (see Table 47). In 2005, none of the water supply systems in the study area reported exceedences of arsenic.

Contaminants resulting from human activities, causing groundwater problems in the Region, included bacteria, nitrate, pesticides, and volatile organic compounds (VOCs). The first three can affect water quality of private wells, but generally do not cause major problems in the Region.

The coliform bacteria test has traditionally been used to measure the sanitary condition of well water. Although coliform bacteria are not known to usually cause disease, their presence in well-water samples may be an indication that more harmful bacteria also exist in a well. Bacteria can be introduced into wells from septic tanks, leaking sanitary sewer lines, feed lots, and manure pits and piles. Their presence usually indicates an improperly constructed well or a well too shallow for local conditions, such as thin soil or fractured bedrock. Coliform bacteria have been detected in, on average, 15 percent of the private wells in the Region, although there is wide geographic and seasonal variability. In shallow, fractured bedrock aquifers, up to 73 percent of wells have been tested “unsafe.” Protected aquifer wells average less than 6 percent unsafe.
 Overall, coliform detection rates are three times higher in late summer months than midwinter.
 E. coli, the coliform most strongly associated with fecal contamination, is found in fewer than 2.6 percent of private wells.
 Well bacterial contamination may not always be caused by poor aquifer conditions or substandard well construction. Incidental sources, such as insects under well caps, careless pump work, and iron biofilms are believed responsible for many coliform detects.

In Wisconsin, nitrate-nitrogen is the most commonly found groundwater contaminant that exceeds State drinking water standards. Nitrate can enter groundwater from many sources, including nitrogen-based fertilizers, animal waste storage facilities, feedlots, septic tanks, and municipal and industrial wastewater and sludge disposal sites. Data from the WDNR GRN databases suggest that nitrate contamination is a relatively minor problem in the study area. In samples collected from 841 wells in the study area during the period 1998-2006, nitrate-nitrogen was found to exceed the enforcement standard of 10 mg/l in 1.3 percent of wells and the preventive action limit of 2 mg/l in 9.4 percent of wells. It is important to note that because the GRN databases do not include data from monitoring wells associated with some actions such as USEPA Superfund sites and some contaminated groundwater remediation actions, these percentages may underestimate the extent of nitrate-nitrogen contamina​tion in groundwater in the study area.

Pesticide contamination of groundwater results primarily from agricultural field applications, spills, misuse, or improper storage and disposal of pesticides. In 1992 the Wisconsin Department of Agriculture, Trade and Consumer Protection (DATCP) initiated a rural well sampling program for testing of atrazine, the most widely used triazine herbicide in Wisconsin for weed control, primarily in corn. Triazine was detected in 63 of the 263 samples collected by DATCP in all of the counties within southeastern Wisconsin, except Milwaukee.
 However, none of the samples were found to exceed the State drinking water standard. Data from the WDNR GNR databases indicate that during the period 1998-2006, wells in the study area were sampled for 24 different pesticides. The number of wells sampled varied by compound, ranging between 43 and 395 with a mean number of 193. Most compounds were detected in fewer than 15 percent of the wells sampled. Ten of these compounds were compared to preventive action limits and enforcement standards. Only one pesticide was found to exceed either standard. Pentachlorophenol exceeded its preventive action limit in slightly over 2 percent of the wells sampled. It did not exceed its enforcement standard in any well sampled. As previously noted, the GRN databases do not include data from monitoring wells associated with some actions such as USEPA Superfund sites and some contaminated groundwater remediation actions. Thus, these percentages may underestimate the extent of pesticide contamination in groundwater in the study area.

The presence in certain locations of VOCs is also a cause of concern. Sources of VOCs include landfills, leaking underground storage tanks, and spills of hazardous substances. Data from the WDNR GRN databases indicate that during the period 1998-2006, wells in the study area were sampled for 101 different VOCs. The number of wells sampled varied by compound, ranging between five and 1,089 with a mean number of 529. Most compounds were detected in fewer than 10 percent of the wells sampled. For most compounds, preventive action limits and enforcement standards were exceeded in less than 1 percent of the wells sampled. As previously noted, the GRN databases do not include data from monitoring wells associated with some actions such as USEPA Superfund sites and some contaminated groundwater remediation actions. Thus, these percentages may underestimate the extent of VOC contamination in groundwater in the study area.

Natural sources of chloride in potable water, other than weathering of minerals, include atmospheric deposition and connate water. Human and animal wastes, salt used for snow and ice removal, and water softening contributions to wastewater are important sources of chloride in some areas. Because chloride is, itself, a possible contaminant, and is also found in contaminants, such as wastewater and animal wastes, it is potentially useful as a general indicator of groundwater contamination when it is present in greater-than-ambient concentrations.

Chloride concentrations in water from the aquifer systems in southeastern Wisconsin are commonly low. Wisconsin’s secondary drinking water standards specify a maximum concentration of 250 mg/l for chloride in drinking water. The standard is based on aesthetic (taste) considerations.

Concentrations of chloride in water from the shallow aquifer are generally from 10 to 30 mg/l in the Region;
 however, limited areas of the Silurian dolomite aquifer have naturally occurring chloride concentrations which exceed 100 mg/l. In addition, isolated areas of the sand and gravel aquifer have been found to have levels exceeding the 250 mg/l standard due to contamination sources. As documented in previous sections of this chapter, chloride concentrations in surface waters in the study area have been found to be increasing; however, no specific data on trends in the concentration of chloride in groundwater are available.

Groundwater in the study area has also been examined for concentrations of inorganic compounds of public health and welfare concern and for values of groundwater quality indicator parameters. Data from the WDNR GRN databases indicate that during the period 1998-2006, wells in the study area were sampled for 47 different inorganic compounds and indicator parameters. The number of wells sampled varied by compound, ranging between one and 932 with a mean number of 277. On average, each compound or indicator parameter was detected in about 67 percent of wells sampled. Of these compounds and indicator parameters, 25 were compared to preventive action limits and enforcement standards. Methodologies for establishing preventive action limits have been issued for an additional 11 of these compounds and indicator parameters; however, these standards were not computed in the GRN databases. Preventive action limits were exceeded in at least some wells in the study area for 20 inorganic compounds. The fraction of wells sampled that exceeded the preventive action limits varied among the compounds, ranging from less than 1 percent to 69 percent of wells. Enforcement standards were exceeded for at least some wells in the study area for 18 inorganic compounds. The fraction of wells sampled that exceeded the enforcement standards also varied among the compounds, ranging from less than 1 percent to 56 percent of wells, with a mean value of about 4 percent. As previously noted, the GRN databases do not include data from monitoring wells associated with some actions such as USEPA Superfund sites and some contaminated groundwater remediation actions. Thus, these percentages may underestimate the extent of inorganic compound contamination in groundwater in the study area.

Summary

The water quality inventory for the greater Milwaukee watersheds has been summarized by answering four basic questions. The chapter provided information needed to answer these questions. More detailed information is provided in SEWRPC Technical Report No. 39. The information is summarized below.

How Have Water Quality Conditions Changed Since 1975?

Water quality conditions in the greater Milwaukee watersheds have both improved in some respects and declined in other respects since 1975.

Improvements in Water Quality

Concentrations of several pollutants associated with combined sewer overflows, such as BOD, fecal coliform bacteria, and ammonia, have decreased in much of the Kinnickinnic, Menomonee, and Milwaukee Rivers and in much of the Milwaukee Harbor estuary. In addition, total phosphorus concentrations in much of the estuary have also decreased. These reductions in nutrients and oxygen-demanding wastes have produced some improvements in dissolved oxygen concentrations and in lower chlorophyll-a concentrations in the estuary. One important, though not the only, factor responsible for these decreases is the reduction in combined and separate sewer overflows resulting from construction and operation of MMSD’s inline storage system. These improvements also likely reflect both changes in the types of industries present in the watershed, the connection of most process wastewaters to the MMSD sewerage system, and the implementation of treatment requirements for all industrial discharges. Concentrations of ammonia and BOD in Oak Creek and portions of the Root River have also decreased. Decreases in the concentrations of some pollutants have also been detected in the outer harbor and nearshore area. These include decreases in concentrations of ammonia, BOD, fecal coliform bacteria, total nitrogen, and total phosphorus in the outer harbor and decreases in concentrations of ammonia and total nitrogen in the nearshore area. These reductions in pollutant concentrations have resulted in some improvements in chlorophyll-a and Secchi depths at some stations in the outer harbor and nearshore area. Improvements have also occurred in the concentrations of several toxic metals. The improvements in concentrations of toxic metals likely reflect both changes in the types of industries present in the watersheds, the connection of most process wastewaters to the sanitary sewerage systems, the implementation of treatment requirements for all industrial discharges, and the phasing out of the use of lead as an additive to gasoline.

No Change or Reductions in Water Quality

Concentrations of suspended and dissolved pollutants typically associated with stormwater runoff and other nonpoint source pollution, such as chloride, copper, total suspended solids, and zinc have remained unchanged or increased at sampling stations along the major streams and rivers of the greater Milwaukee watersheds. In addition, specific conductance has increased in several stream reaches, suggesting that the total concentration of dissolved material in the water has increased. In other reaches, the concentration of dissolved material, as indicated by specific conductance, has remained unchanged. At some locations, concentrations of fecal coliform bacteria have increased. Water temperatures at most stations in the estuary and some stations in the outer harbor have increased, especially during the summer.

How Have Toxicity Conditions Changed Since 1975?

In some respects, toxicity conditions in the greater Milwaukee watersheds have improved since 1975; in other respects, they have declined or not changed.

Improvements in Toxicity Conditions

There have been several improvements in toxicity conditions in the greater Milwaukee watersheds since 1975. Concentrations of some toxic metals in water have decreased in many sampling locations. Concentrations of PAHs in water have decreased in the portions of the Kinnickinnic and Menomonee Rivers upstream from the estuary. Concentrations of PCBs in the tissue of fish appear to have decreased; however, fish consumption advisories remain in effect for PCB contamination in Lake Michigan and much of the greater Milwaukee water​sheds. Concentrations of some pesticides in fish tissue have decreased. Remediation of sediment contaminated with PAHs in the Little Menomonee River and with PCBs in Ruck Pond and the former Hamilton Pond along Cedar Creek should reduce toxic effects related to toxic sediment. Other remediation efforts for toxic sediment are ongoing or in planning stages. While this does not constitute a change, concentrations of mercury in the tissue of fish collected from the Kinnickinnic and Menomonee Rivers remains low.

Worsened Toxicity Conditions

Other toxicity conditions have worsened in the greater Milwaukee watersheds. Concentrations of copper and zinc in water are increasing. Concentrations of the pesticide atrazine and its metabolites have increased at several locations. Concentrations of PAHs in water have increased in the estuary portions of the Kinnickinnic and Menomonee Rivers.
Inconclusive Toxicity Data

In some cases data are not adequate to assess changes. Various pesticides have been detected in water in the greater Milwaukee watersheds, but different compounds were screened for in recent samplings than in historical samplings. Changes in methodology and the number of compounds screened for make it difficult to compare concentrations in some recent samplings of PCBs and PAHs to concentrations in earlier samplings. In some locations, no recent data exist on tissue concentrations of some bioaccumulative contaminants. At other locations, concentrations of mercury and PCBs in tissue of aquatic organisms appears to have decreased since 1975, but the fact that different species were assessed in different years makes it unclear whether these trends represent actual reductions or interspecies differences.

Sediment Conditions

Sediment quality, as measured by mean PEC-Q remains poor. At several locations, sediment contains concentrations of PCBs, PAHs, pesticides, or heavy metals high enough to pose substantial risks to benthic organisms. At other locations concentrations of contaminants are high enough to be likely to produce toxic effects in benthic organisms. As a result of recent remediation efforts, sediment contaminated with PCBs has been removed from Ruck Pond and the banks of the former Hamilton Pond along Cedar Creek and sediment contaminated with PAHs has been removed from the Little Menomonee River. This should reduce toxicity in these locations. Deposits of contaminated sediment are still present at a number of locations, including Cedar Creek below Ruck dam, Zeunert Pond in Cedarburg, Thiensville Millpond and Estabrook Impoundment along the mainstem of the Milwaukee River, Lincoln Creek, the Milwaukee Harbor estuary, and the Milwaukee outer harbor. Remediation efforts for some of these are ongoing or in planning stages.

What Is the Current Condition of the Fishery?

The Kinnickinnic River, Oak Creek, and Root River watersheds seem to have very poor fisheries and macroinvertebrate communities at present. The fish communities contain relatively few species of fishes, are trophically unbalanced, contain few or no top carnivores, and are dominated by tolerant fishes. The macro​invertebrate communities are equally depauperate and dominated by tolerant taxa. Since water quality has generally been improving in these watersheds for some constituents, habitat seems to potentially be the most important factor limiting both the fishery and macroinvertebrate communities.
The Menomonee River watershed seems to have a poor fishery community at present. The fish community contains relatively few species of fishes, is trophically unbalanced, contains few or no top carnivores, and is dominated by tolerant fishes. The quality of the macroinvertebrate community has improved substantially since 1993 and is generally indicative of fair to very good water quality. Since water quality has generally been improving in the watershed and habitat seems to be adequate, it is likely that some other factor, such as periodic stormwater loads, is limiting the fishery community.
Except for some areas within the Upper Milwaukee River, West Branch of the Milwaukee River, East Branch of the Milwaukee River, Middle Milwaukee River, Upper Lower Milwaukee River, and Lower Milwaukee River subwatersheds that contain good and in some cases excellent fishery quality, the Milwaukee River watershed in general contains a poor to fair fishery. The fish community contains a high abundance of both warmwater and coldwater species of fishes, seems trophically balanced in the highest quality areas, contains a good percentage of top carnivores (except for those species stocked), and is not dominated by tolerant fishes. Macroinvertebrate communities are classified as fair to good-very good at present. The macroinvertebrate community is also generally trophically balanced and not dominated by tolerant taxa. Overall, the fish and macroinvertebrate communities in the Milwaukee River watershed are of a better quality than those communities in the other watersheds in the study area.

To What Extent Are Water Use Objectives and Water Quality Standards Being Met?

Major Rivers and Streams

During the study baseline period, the Kinnickinnic, Menomonee, Milwaukee, and Root Rivers and Oak Creek only partially met the water quality criteria supporting their designated water use classifications. In almost all samples collected from the mainstems of these streams, concentrations of ammonia were in compliance with the relevant water quality standard. In almost all samples collected from the mainstems of these streams, temperatures were in compliance with the relevant water quality standard. Only in occasional samples in some reaches in the Kinnickinnic and Menomonee Rivers were temperatures above the standard of 31.7ºC.

While high levels of compliance with the applicable standards for dissolved oxygen were observed in many stream reaches, some sections of these streams showed lower compliance with dissolved oxygen standards. In the vast majority of the samples taken from the mainstem of the Kinnickinnic River, concentrations of dissolved oxygen were in compliance with the relevant water quality standards. Only in occasional samples in the reaches between S. 27th Street and S. 1st Street were dissolved oxygen concentrations below the special variance standard of 2.0 mg/l that applies to the Kinnickinnic River. In the vast majority of the samples taken from the mainstem of the Menomonee River, concentrations of dissolved oxygen were in compliance with the relevant water quality standards. In occasional samples collected in the reaches upstream from W. Hampton Avenue, dissolved oxygen concentrations were below the standard of 5.0 mg/l that applies to fish and aquatic life waters. At most stations along the mainstem of the Milwaukee River, concentrations of dissolved oxygen in all samples equaled or exceeded the applicable standard. There were three exceptions to this: concentrations of dissolved oxygen occasionally fell below 5.0 mg/l in the sections of the River above the dam at Kewaskum in Washington and Fond du Lac Counties, between E. Silver Spring Drive and N. Port Washington Road in Milwaukee County, and between Estabrook Park and the site of the North Avenue dam, also in Milwaukee County. At most stations along the mainstem of Oak Creek, dissolved oxygen concentrations were above the standard for fish and aquatic life in the majority of samples. In the upstream reaches above W. Ryan Road dissolved oxygen concentrations were below the standard of 5.0 mg/l in about 43 percent of the samples. The proportion of samples from the mainstem of the Root River in which dissolved oxygen concentrations equaled or exceeded the 5.0 mg/l standard for fish and aquatic life varied considerably among stations, with compliance being lowest at the upstream stations and at the station near the mouth of the River. For example, in the upstream reaches above W. Grange Avenue, dissolved oxygen concentrations were below the standard in about 21 to 56 percent of the samples, depending upon the station.
Lower levels of compliance were seen with the applicable standards for fecal coliform bacteria. Concentrations of fecal coliform bacteria in the Kinnickinnic River often exceeded the special variance standard of 1,000 cells per 100 ml which applies to the River. The rate of compliance with this standard increased from upstream to downstream from about 30 percent to about 77 percent of samples. Concentrations of fecal coliform bacteria in the estuary portion of the Menomonee River often exceeded the special variance standard of 1,000 cells per 100 ml which applies to the estuary. Similarly, in the vast majority of samples collected from the section of the River upstream of the estuary, the concentrations of fecal coliform bacteria exceed the standard of 200 cells per 100 ml. The rate of compliance with this standard varies among reaches from about 24 percent to 60 percent of samples. Concentrations of fecal coliform bacteria in the estuary sections of the Milwaukee River were usually less than or equal to the variance standard of 1,000 cells per 100 ml. While the rate of compliance varied among stations, it was generally between 65 percent and 77 percent. In the section of the Milwaukee River upstream from the estuary, concentrations of fecal coliform bacteria usually exceeded the recreational use standard of 200 cells per 100 ml. Between Pioneer Road in Cedarburg and the site of the former North Avenue dam, concentrations of fecal coliform bacteria exceeded 200 cells per ml in the majority of samples. Depending upon the station, the percentage of samples in this section of the River that complied with the standard ranged between about 20 and 55 percent. Upstream from Pioneer Road, fecal coliform bacteria concentrations met, or were below, the standard in the majority of samples at the stations at Waubeka, Newburg, and above the dam at Kewaskum, although, at Newburg and Kewaskum, concentrations occasionally exceeded the standard. Concentrations of fecal coliform bacteria in the mainstem of Oak Creek usually exceed the recreational use standard of 200 cells per 100 ml which applies to the Creek. Compliance varied among stations with concentrations of fecal coliform bacteria meeting or being below the standard in between 15 and 35 percent of the samples. Concentrations of fecal coliform bacteria in the mainstem of the Root River usually exceed the recreational use standard of 200 cells per 100 ml which applies to the River. While the rate of compliance varied among stations, it was generally low.

Lower levels of compliance were also seen with the standard for total phosphorus recommended in the original regional water quality management plan documented in SEWRPC PR No. 30. In the Kinnickinnic River, compliance with the recommended 0.1 mg/l standard increased from upstream to downstream from a low of about 30 percent to a high of about 74 percent. Compliance with the recommended total phosphorus standard also varied among reaches in the Menomonee River, with the number of samples showing total phosphorus below the 0.1 mg/l standard ranging between about 32 percent and about 66 percent. Compliance with the recommended standard for total phosphorus was also low in the Milwaukee River with the number of samples showing total phosphorus below the 0.1 mg/l planning standard ranging from 37 to 79 percent at stations along the mainstem. Low levels of compliance with the planning standard for total phosphorus were also observed in Oak Creek, with the number of samples showing total phosphorus below the 0.1 mg/l standard ranging from 58 and 79 percent at stations along the mainstem of the Creek. The levels of compliance with the recommended standard for total phosphorus in the Root River were also low with the number of samples showing total phosphorus below the 0.1 mg/l standard ranging from 8 to 79 percent at stations along the mainstem.

Tributary Streams

Relatively few data are available for assessing whether tributary streams in the greater Milwaukee watersheds are meeting water use objectives and water quality standards.
In the Kinnickinnic River watershed, data were available to assess this for only one stream: Wilson Park Creek. Based on available data, Wilson Park Creek is only partially meeting its water use objectives. While ammonia concentrations in this stream were below the acute toxicity standard for fish and aquatic life in almost all samples, total phosphorus concentrations exceeded the recommended concentration in about 30 percent of the samples.

In the Menomonee River watershed, data were available to assess this in four streams: Butler Ditch, Honey Creek, the Little Menomonee River, and Willow Creek. Based on available data, Honey Creek, the Little Menomonee River, and Willow Creek are only partially meeting their water use objectives. In all samples collected from each of these streams, ammonia concentrations were below the acute toxicity standard for fish and aquatic life, water temperatures are under the 31.7ºC standard, and dissolved oxygen concentrations were above the applicable standard. Concentrations of fecal coliform bacterial in Honey Creek generally exceeded the variance standard of 1,000 cells per 100 ml which applies to this stream. Total phosphorus concentrations in the Little Menomonee River and Willow Creek exceeded the recommended concentration in about 20 percent of the samples. Based on limited sampling, Butler Ditch appears to be meeting water use objectives and water quality standards. In all of the samples taken, dissolved oxygen concentrations and temperatures were in compliance with the applicable water quality standards.

In the Milwaukee River watershed, data were available to evaluate whether one or more standard was met for 19 of 76 tributary streams. In 16 tributary streams, temperatures in all samples were at or below the 31.7ºC fish and aquatic life standard. In one other tributary, Cedar Creek, temperatures were at or below the standard in the vast majority of samples. In the 15 tributary streams for which data were available, ammonia concentrations were at or below the applicable standard in all samples. Dissolved oxygen concentrations in 11 tributaries equaled or exceeded the applicable standard in all samples, indicating compliance with the standard. In four tributaries, Lincoln Creek, the North Branch Milwaukee River, Quaas Creek, and Southbranch Creek, dissolved oxygen concentrations occasionally dropped below the standard. In only one tributary, the West Branch Milwaukee River, were dissolved oxygen concentrations frequently below the standard. Fecal coliform concentrations frequently exceeded the applicable standard in four tributaries: Indian Creek, Lincoln Creek, the North Branch Milwaukee River, and Southbranch Creek. In the North Branch Milwaukee River and Southbranch Creek, concentrations of fecal coliform bacteria were out of compliance with the standard in the majority of samples. By contrast, concentrations of fecal coliform bacteria only occasionally exceeded the applicable standard in Cedar Creek. Concentrations of fecal coliform bacteria in the East Branch Milwaukee River were at or below the applicable standard in all samples collected. Total phosphorus concentrations exceeded the 0.1 mg/l planning standard recommended in the original regional water quality management plan, documented in SEWRPC PR No. 30, in most tributaries for which data were available. In three tributaries, Polk Springs Creek, Southbranch Creek, and Wallace Creek, total phosphorus concentrations exceeded the recommended planning standard in the majority of samples. In eight more tributaries, Batavia Creek, Indian Creek, Kewaskum Creek, Lincoln Creek, the North Branch Milwaukee River, Parnell Creek, Quaas Creek, and the West Branch Milwaukee River, total phosphorus concentrations frequently exceeded the recommended standard. In three more tributaries, Cedar Creek, the East Branch Milwaukee River, and Friedens Creek, total phosphorus concentrations occasionally exceeded the recommended standard. In only four tributaries, Crooked Lake Creek, Mole Creek, Pigeon Creek, and Stony Creek, were total phosphorus concen​trations at or below the recommended standard in all samples.

In the Oak Creek watershed, data were available to assess whether water use objectives and water quality standards are being met for only one tributary stream: the Mitchell Field Drainage Ditch. Based on available data, this tributary is only partially meeting its water use objectives. While ammonia concentrations in this stream were below the acute toxicity standard for fish and aquatic life for all samples, total phosphorus concentrations exceeded the recommended concentration in about 55 percent of the samples.

In the Root River watershed, data were available to assess whether water use objectives and water quality standards are being met for only two tributary streams: Husher Creek and the Root River Canal. Based on available data, these streams are only partially meeting their water use objectives. While ammonia concentrations in Husher Creek were below the acute toxicity standard for fish and aquatic life in all samples and dissolved oxygen concentrations and temperatures were in compliance with the applicable standards in all samples, total phosphorus concentrations exceeded the recommended concentration in about 67 percent of the samples. While temperatures in the Root River Canal were in compliance in all samples, dissolved oxygen concentrations were below the standard for fish and aquatic life in about 23 percent of the samples and concentrations of fecal coliform bacteria exceeded the recreational use standard of 200 cells per 100 ml in about 40 percent of samples. In the vast majority of samples collected from the Root River Canal, total phosphorus concentrations exceeded the standard recommended for total phosphorus in the original regional water quality management plan documented in SEWRPC PR No. 30.

Milwaukee Harbor Estuary, Outer Harbor, and Nearshore Lake Michigan Area

During the 1998 to 2004 extended study baseline period, the Milwaukee Harbor estuary partially met the water quality criteria supporting its designated water use classification. In all of the samples taken from the estuary, concentrations of ammonia were in compliance with the relevant water quality standards. In almost all of the samples from the estuary, temperatures were in compliance with the relevant water quality standards. In the majority of samples, dissolved oxygen concentrations equaled or exceeded the 2.0 mg/l special variance standard applying to the estuary. Concentrations of fecal coliform bacteria in the estuary were usually less than or equal to the variance standard of 1,000 cells per 100 ml. While the rate of compliance varied among stations, it was generally between 20 percent and 77 percent. Compliance with the planning standard for total phosphorus recommended in the original regional water quality management plan, documented in SEWRPC PR No. 30, was also low with the number of samples showing total phosphorus below the 0.1 mg/l planning standard ranging from 37 to 75 percent at stations in the estuary.

During the 1998 to 2004 extended study baseline period, the water quality criteria for fish and aquatic life were, for the most part, being achieved in the Milwaukee outer harbor. In all of the samples taken from the outer harbor, concentrations of ammonia and temperatures were in compliance with the fish and aquatic life standards. In almost all of the samples from the outer harbor, dissolved oxygen concentrations equaled or exceeded the 5.0 mg/l fish and aquatic life standard. Concentrations of fecal coliform bacteria in the outer harbor occasionally exceeded 200 cells per 100 ml. Concentrations of total phosphorus were usually less than or equal to the 0.1 mg/l planning standard. In the majority of samples from the outer harbor, concentrations of E. coli bacteria were below the standard of 235 cells per 100 ml promulgated by the USEPA for coastal and Great Lakes recreation waters.

Lake Michigan beaches partially met applicable water use objectives. The percentages of samples from public bathing beaches along Lake Michigan less than or equal to the standard of 235 cells per 100 ml promulgated by the USEPA for coastal and Great Lakes recreation waters, varied from about 54 percent to 87 percent.

Impaired Waters

A number of sections of streams and other waterbodies in the greater Milwaukee watersheds are listed as impaired pursuant to Section 303(d) of the Clean Water Act. The Milwaukee Harbor estuary and outer harbor are listed as impaired. Reaches of the mainstems of the Kinnickinnic, Menomonee, and Milwaukee Rivers upstream from the estuary are listed as impaired. Sections of the mainstem of the Root River and the entire mainstem of Oak Creek are listed as impaired. Eleven tributary streams, including one in the Menomonee River watershed, seven in the Milwaukee River watershed, one in the Oak Creek watershed, and two in the Root River watershed are listed as impaired. Two lakes and one pond in the Milwaukee River watershed, as well as one pond in the Kinnickinnic River watershed, are listed as impaired. Four Lake Michigan public beaches are listed as impaired. The causes of these impairments vary among the waterbodies. They include aquatic toxicity, high concentrations of bacteria, low concentrations of dissolved oxygen, degraded habitat, high temperatures, and fish consumption advisories necessitated by high concentrations of PCBs or mercury in the tissue of fish collected in the waterbodies.
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FECAL COLIFORM BACTERIA�CONCENTRATIONS AT SITES ALONG THE�MAINSTEM OF THE MENOMONEE RIVER: 1975-2001
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Source:	U.S. Geological Survey, Wisconsin Department of Natu�ral Resources, Milwaukee Metropolitan Sewerage Dis�trict, and SEWRPC.
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Figure 12





CHLOROPHYLL-a CONCENTRATIONS�AT SITES ALONG THE MAINSTEM OF THE�MENOMONEE RIVER: 1975-2001
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NOTE:	See Figure 11 for description of symbols.





Source:	U.S. Geological Survey, Wisconsin Department of Natu�ral Resources, Milwaukee Metropolitan Sewerage Dis�trict, and SEWRPC.











Figure 13





WATER TEMPERATURE AT SITES ALONG THE�MAINSTEM OF THE KINNICKINNIC RIVER: 1975-2001
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NOTE:	See Figure 11 for description of symbols.





Source:	U.S. Geological Survey, Wisconsin Department of Natu�ral Resources, Milwaukee Metropolitan Sewerage Dis�trict, and SEWRPC.
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DISSOLVED OXYGEN CONCENTRATIONS�AT SITES ALONG THE MAINSTEM OF THE�MENOMONEE RIVER: 1975-2001
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NOTES:	See Figure 11 for description of symbols.





140 percent saturation and higher can cause fish kills. A 15 mg/l dissolved oxygen concentration roughly trans�lates to a saturation of approximately 150 percent at an average water temperature of 14 degrees Celsius.





Source:	U.S. Geological Survey, Wisconsin Department of Natu�ral Resources, Milwaukee Metropolitan Sewerage Dis�trict, and SEWRPC.
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TOTAL NITROGEN CONCENTRATIONS AT SITES�ALONG THE MAINSTEM OF OAK CREEK: 1975-2001
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NOTE:	See Figure 11 for description of symbols.





Source:	U.S. Geological Survey, Wisconsin Department of Natu�ral Resources, Milwaukee Metropolitan Sewerage Dis�trict, and SEWRPC.
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AMMONIA CONCENTRATIONS AT�SITES ALONG THE MAINSTEM OF THE�MENOMONEE RIVER: 1975-2001
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NOTES:	See Figure 11 for description of symbols.





Standard is dependent on ambient temperature and pH which indicate ammonia concentrations did not exceed those toxicity standards.





Source:	U.S. Geological Survey, Wisconsin Department of Natu�ral Resources, Milwaukee Metropolitan Sewerage Dis�trict, and SEWRPC.
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TOTAL PHOSPHORUS CONCENTRATIONS�AT SITES ALONG THE MAINSTEM OF THE�KINNICKINNIC RIVER: 1975-2001
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NOTE:	See Figure 11 for description of symbols.





Source:	U.S. Geological Survey, Wisconsin Department of Natu�ral Resources, Milwaukee Metropolitan Sewerage Dis�trict, and SEWRPC.
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COPPER CONCENTRATIONS AT�SITES ALONG THE MAINSTEM OF THE�KINNICKINNIC RIVER: 1975-2001
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NOTES:	See Figure 11 for description of symbols.





Copper acute and chronic toxicity standards depend on ambient hardness which indicates that copper concen�trations exceeded these standards in 2 percent and up to 23 percent of samples in the estuary and upstream of the estuary, respectively.





Source:	U.S. Geological Survey, Wisconsin Department of Natu�ral Resources, Milwaukee Metropolitan Sewerage Dis�trict, and SEWRPC.
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ZINC CONCENTRATIONS AT SITES ALONG THE�MAINSTEM OF THE MENOMONEE RIVER: 1975-2001
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NOTES:	See Figure 11 for description of symbols.





Acute and chronic toxicity standards for zinc depend upon ambient hardness which indicate zinc concentra�tions do not exceed these toxicity standards.





Source:	U.S. Geological Survey, Wisconsin Department of Natu�ral Resources, Milwaukee Metropolitan Sewerage Dis�trict, and SEWRPC.
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CHLORIDE CONCENTRATIONS AT SITES�IN THE MILWAUKEE OUTER HARBOR AND�ADJACENT LAKE MICHIGAN AREA: 1975-2004
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NOTES:	See Figure 11 for description of symbols and Map 27 for locations of monitoring stations relative to the outer harbor and the adjacent Lake Michigan area.





The planning standard of 1,000 mg/l, the acute toxicity standard of 757 mg/l, and the chronic toxicity standard for aquatic life of 395 mg/l are not shown.





Source: Milwaukee Metropolitan Sewerage District and SEWRPC.








Figure 34





CONCENTRATIONS OF TOTAL SUSPENDED SOLIDS�AT SITES IN THE MILWAUKEE OUTER HARBOR AND�ADJACENT LAKE MICHIGAN AREA: 1975-2004
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NOTES:	See Figure 11 for description of symbols and Map 27 for locations of monitoring stations relative to the outer harbor and the adjacent Lake Michigan area.





Source: Milwaukee Metropolitan Sewerage District and SEWRPC.
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AMMONIA CONCENTRATIONS AT SITES�IN THE MILWAUKEE OUTER HARBOR AND�ADJACENT LAKE MICHIGAN AREA: 1975-2004
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NOTES:	See Figure 11 for description of symbols and Map 27 for locations of monitoring stations relative to the outer harbor and the adjacent Lake Michigan area.





Source: Milwaukee Metropolitan Sewerage District and SEWRPC.








Figure 39





CONCENTRATION OF COPPER AT SITES�IN THE MILWAUKEE OUTER HARBOR AND�ADJACENT LAKE MICHIGAN AREA: 1975-2004
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NOTE:	See Figure 11 for description of symbols and Map 27 for locations of monitoring stations relative to the outer harbor and the adjacent Lake Michigan area.





Source:	Milwaukee Metropolitan Sewerage District and SEWRPC.
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�The baseline period used for the Kinnickinnic River, Menomonee River, and Oak Creek watersheds was 1998-2001. As this study progressed, data became available and were incorporated into the analyses. Because of this, the baseline period used for the Milwaukee River and Root River watersheds was 1998-2004. Those baseline periods adequately represent conditions in the study area and the MMSD planning area following the construction of major MMSD sewerage system facilities, including the Inline Storage System.


�Additional, detailed information on historical Lake Michigan levels is set forth in SEWRPC Technical Record, Volume 4, No. 5, December 1989.


�SEWRPC Technical Report No. 4, Water Quality and Flow of Streams in Southeastern Wisconsin, April 1964.


�The baseline period used for the Kinnickinnic River, Menomonee River, and Oak Creek watersheds was 1998-2001. As this study progressed, data became available and were incorporated into the analyses. Because of this, the baseline period used for the Milwaukee River and Root River watersheds was 1998-2004 and the baseline period used for streams of the Lake Michigan direct drainage area was 2002-2005.


�J.R.. Gray, G.D. Glysson, L.M. Turcios, and G.E. Schwartz, Comparability of Suspended-Sediment Concentrations and Total Suspended Solids Data, U.S. Geological Survey Water-Resources Investigations Report No. 00-4191, 2000.


�J. Val Klump, Patrick D. Anderson, Donald C. Szmania, and Kim Weckerly, Milwaukee Harbor Sediment Oxygen Demand Study Final Report, Great Lakes WATER Institute Technical Report No. 2004-B1, 2004.


�Ibid.


�Ibid.


�Milwaukee Water Works, Annual Water Quality Report, 2004, February 2005.


�H.L. Windom, T. Byrd, R.G. Smith, and F. Huan, “Inadequacy of NASQUAN Data for Assessing Metal Trends in the Nation’s Rivers,” Environmental Science and Technology, Volume 25, 1991.


�R.E. Carlson, “A Trophic State Index for Lakes,” Limnology and Oceanography, Volume 22, 1977.


�R.A. Lillie, S. Graham, and P. Rasmussen, “Trophic State Index Equations and Regional Predictive Equations for Wisconsin Lakes,” Research and Management Findings, Wisconsin Department of Natural Resources Publication No. PUBL-RS-735 93, May 1993.


�The total phosphorus-based WTSI values reported during 1990 suggest that the Lake was eutrophic and high in total phosphorus; however, the corresponding Secchi disk and chlorophyll-a based WTSI values are inconsistent with this and suggest a mesotrophic classification.


�See also SEWRPC Memorandum Report No. 137, A Water Quality Protection and Stormwater Management Plan for Big Cedar Lake, Washington County, Wisconsin, Volume 1. Inventory Findings, Water Quality Analyses, Recommended Management Measures, August 2001.


�See also SEWRPC Memorandum Report No. 146, An Aquatic Plant Management Plan for Little Cedar Lake, Washington County, Wisconsin, May 2004.


�R.A. Lillie and J.W. Mason, Limnological Characteristics of Wisconsin Lakes, Wisconsin Department of Natural Resources Technical Bulletin No. 138, 1983.


�Fritz van der Leeden, Fred L. Troise, and David Keith Todd, The Water Encyclopedia, Lewis Publishers, 1990.


�SEWRPC Technical Report No. 4, op. cit..


�Sandra L. McLellan and Erika Jensen Hollis, Bacteria Source, Transport, and Fate Study—Phase I, Volume 3, University of Wisconsin Great Lakes WATER Institute Contribution No. 470, August 2005.


�Milwaukee Metropolitan Sewerage District, “Trophic State and Chlorophyll in the Milwaukee, Wisconsin Harbor and Surrounding Nearshore Waters,” October 2001.


�F.L. Snyder, M.B. Hilgendorf, and D.W. Garton, “Zebra Mussels in North America: The Invasion and its Implications,” Ohio Sea Grant, Ohio State University, Columbus, Ohio, http://www.sg.ohio-state.edu/ fsearch.html, 1997.


�J.E. Marsden, N. Trudeau, and T. Keniry, “Zebra Mussel Study on Lake Michigan: Final Report to the Illinois Department of Conservation,” Illinois Natural History Survey, Technical Report No. 93/4, 1993.


�Jin Lei, Barry S. Payne, and Shiao Y. Wang, “Filtration Dynamics of the Zebra Mussel, Dreissena polymorpha,” Canadian Journal of Fisheries and Aquatic Sciences, Volume 48, 1996.


�MMSD stopped sampling during the winter in 1987.


�The trend analysis of water temperatures excluded the winter data, which were only collected from 1975 through 1986.


�James T. Waples and J. Val Klump, “Biophysical Effects of a Decadal Shift in Summer Wind Direction over the Laurentian Great Lakes,” Geophysical Research Letters, Volume 29, 2002.


�Mark E. Holey and Thomas N. Trudeau, “The State of Lake Michigan in 2000,” Great Lakes Fisheries Commission Special Publication No. 05-01, 2005.


�Clifford H. Mortimer, Lake Michigan in Motion: Responses of an Inland Sea to Weather, Earth-spin, and Human Activities, The University of Wisconsin Press, 2004.


�Holey and Trudeau, 2005, op. cit.


�It is important to note that the data sets for dissolved phosphorus concentrations and total phosphorus concentrations do not entirely represent simultaneous sampling. While samples for both total phosphorus and dissolved phosphorus in this data set were generally collected at about the same time, on some sampling dates samples of only one or the other of these was collected. Because of this, the data sets for dissolved phosphorus concentrations and total phosphorus concentrations have a certain amount of independence from one another. This degree of independence may be reflected in the summary statistics (e.g., the minimum total phosphorus concentration during the period of record is less than the minimum dissolved phosphorus concentration although dissolved phosphorus is a component of total phosphorus).


�Milwaukee Water Works, 2005, op. cit.


�Windom and others, 1991, op. cit.


�U.S. Environmental Protection Agency, Results of the Lake Michigan Mass Balance Study: Mercury Data Report, EPA 905 R-01-012, 2004.


�Aaron M. Peck and Keri C. Hornbuckle, “Synthetic Musk Fragrances in Lake Michigan,” Environmental Science and Technology, Volume 38, 2004.


�V.J. Cabelli, Health Effects Criteria for Marine Recreational Waters, USEPA EPA-600/1-80-031, 1983; USEPA, Health Effects Criteria for Fresh Recreational Waters, EPA-600/1-84-002, 1984; USEPA, Ambient Water Quality Criteria for Bacteria-1986, EPA-440/5-84-002, 1986.


�S.L. McLellan and A.K. Salmore, “Evidence for Localized Bacteria Loadings as the Cause of Chronic Beach Closings in a Freshwater Marina,” Water Research, Volume 37, 2003.


�McLellan and Hollis, 2005, op. cit.


�HydroQual, Inc. and Camp Dresser McKee, Milwaukee Harbor Estuary Hydrodynamic & Bacteria Modeling Report, Bacteria Source, Transport and Fate Study—Phase 1, August, 2005.


�Sandra L. McLellan and Erika T. Jensen, Identification and Quantification of Bacterial Pollution at Milwaukee County Beaches, Great Lakes WATER Institute Technical Report, September 2005; Julie Kinzelman, Sandra L. McLellan, Annette D. Daniels, Susan Cashin, Ajaib Singh, Stephen Gradus, and Robert Bagley, “Non-point Source Pollution: Determination of Replication Versus Persistence of Escherichia coli in Surface Water and Sediment with Correlation of Levels to Readily Measurable Environmental Parameters,” Journal of Water and Health, Volume 2, 2004.


�McLellan and Salmore, 2003, op. cit.


�Richard L. Whitman and Meredith B. Nevers, “Foreshore Sand as a Source of Escherichia coli in Nearshore Water of a Lake Michigan Beach,” Applied and Environmental Microbiology, Volume 69, 2003.


�McLellan and Jensen, 2005, op. cit.


�Julie L. Kinzelman, Richard L. Whitman, Muruleedhara Byappanalalli, Emma Jackson, and Robert C. Bagley, “Evaluation of Beach Grooming Techniques on Escherichia coli Density in Foreshore Sand at North Beach, Racine, WI,” Lake and Reservoir Management, Volume 19, 2003.


�J.L Kinzelman, K.R. Pond, K.D. Longmaid, and R.C. Bagley, “The Effects of Two Mechanical Beach Grooming Strategies on Escherichia coli Density in Beach Sand at a Southwestern Lake Michigan Beach,” Aquatic Ecosystem Health & Management, Volume 7, 2004.


�Kinzelman and others, Journal of Water and Health, 2004, op. cit.


�K.A. Alderisio and N. DeLuca, “Seasonal Enumeration of Fecal Coliform Bacteria from the Feces of Ring-Billed Gulls (Larus delawarensis) and Canada Geese (Branta Canadensis),” Applied and Environmental Microbiology, Volume 65, 1999; L.R. Fogarty, S.K. Haack, M.J. Wolcott, and R.L. Whitman, “Abundance and Characteristics of the Recreational Water Quality Indicator Bacteria Escherichia coli and Enterococci in Gull Faeces,” Journal of Applied Microbiology, Volume 94, 2003.


�Benoît Lévesque, Pierre Bousseau, Pierre Simard, Eric Dewailly, Monica Meisel, DanièRamsay, and Jean Joly, “Impact of the Ring-Billed Gull (Larus delawarensis) on the Microbiological Quality of Recreational Water,” Applied and Environmental Microbiology, Volume 59, 1993; Whitman and Nevers, 2003, op. cit.


�Sylvain Quessy and Serge Messier, “Prevalence of Salmonella spp., Campylobacter spp. and Listeria spp. in Ring-Billed Gulls (Larus delawarensis),” Journal of Wildlife Diseases, Volume 28, 1992; Lévesque and others, 1993, op. cit.


�Richard L. Whitman, Dawn A. Shively, Heather Pawlik, Meredith B. Nevers, and Muruleedhara N. Myappanahalli, “Occurrence of Escherichia coli and Enterococci in Cladophora (Chlorophyta) in Nearshore Water and Beach Sand of Lake Michigan, Applied and Environmental Microbiology, Volume 69, 2003; Ola A. Olapade, Morgan M. Depas, Erika T. Jensen, and Sandra L. McLellan, “Microbial Communities and Fecal Indicator Bacteria Associated with Cladophora Mats on Beach Sites along Lake Michigan Shores,” Applied and Environmental Microbiology, Volume 72, 2006.


�Whitman and others, 2003, op. cit.; Olapade and others, 2006, op. cit.


�SEWRPC Planning Report No. 26, A Comprehensive Plan for the Menomonee River Watershed, Volume Two, Alternative Plans and Recommended Plan, October 1976.


�Baird and Associates, Final Report, Milwaukee PCB Mass Balance Project, September 1997.


�Ibid.


�Jeffrey S. Steuer, Sharon A. Fitzgerald, and David W. Hall, Distribution and Transport of Polychlorinated Biphenyls and Associated Particulates in the Milwaukee River System, Wisconsin, 1993-1995, U.S. Geological Survey Water-Resources Investigations Report 99-4100, 1999.


�Wisconsin Department of Natural Resources, Milwaukee Estuary Remedial Action Plan Progress through January 1994, 1995.


�U.S. Environmental Protection Agency, Results of the Lake Michigan Mass Balance Study: Atrazine Data Report, EPA 905R-01-010, December 2001.


�U.S. Environmental Protection Agency, Results of the Lake Michigan Mass Balance Study: Polychlorinated Biphenyls and Trans-nonachlor Data Report, EPA 905R-01-011, April 2004.


�U.S. Environmental Protection Agency, Results of the Lake Michigan Mass Balance Study: Mercury Data Report, EPA 905 R-01-012, 2004.


�U.S. Environmental Protection Agency, Results of the Lake Michigan Mass Balance Study: Polychlorinated Biphenyl and Trans-nonachlor Data Report, EPA 905R-01-011, 2004.


�U.S. Environmental Protection Agency, EPA 905R-01-011, op. cit.


�Wisconsin Department of Natural Resources, Consensus-Based Sediment Quality Guidelines: Recom�mendations for Use and Application—Interim Guidance, WT-732 2003, December 2003.


�It is important to note that these guidelines estimate only the effects of contaminants on benthic macro�invertebrate species. Where noncarcinogenic and nonbioaccumulative compounds are concerned, these guidelines should be protective of human health and wildlife concerns. For bioaccumulative compounds, considerations of the protection of human health or wildlife may necessitate the use of more restrictive concentration levels.


�U.S. Environmental Protection Agency, Technical Basis for the Derivation of Equilibrium Partitioning Sediment Guidelines (ESGs) for the Protection of Benthic Organisms: Nonionic Organics, USEPA Office of Science and Technology, Washington, D.C., 2000.


�Center for Watershed Protection, Impacts of Impervious Cover on Aquatic Systems, Watershed Protection Research Monograph No. 1, March 2003.


�The standards and requirements of Chapter NR 151, “Runoff Management,” and Chapter NR 216, “Storm Water Discharge Permits,” of the Wisconsin Administrative Code are intended to mitigate the impacts of existing and new urban development and agricultural activities on surface water resources through control of peak flows in the channel-forming range, promotion of increased baseflow through infiltration of stormwater runoff, and reduction in sediment loads to streams and lakes. The implementation of those rules is intended to mitigate, or improve, water quality and instream/inlake habitat conditions.


�Edward T. Rankin, The Quality Habitat Evaluation Index [QHEI]: Rationale, Methods, and Application, State of Ohio Environmental Protection Agency, November 1989.


�Timothy Simonson, John Lyons, and Paul Kanehl, “Guidelines for Evaluating Fish Habitat in Wisconsin Streams,” General Technical Report NC-164, 1995; and Lihzu Wang, “Development and Evaluation of a Habitat Rating System for Low-Gradient Wisconsin Streams,” North American Journal of Fisheries Management, Volume 18, 1998.


�Wisconsin Department of Natural Resources, The State of the Milwaukee River Basin, WT-704-2001, August 2001; Wisconsin Department of Natural Resources, The State of the Root-Pike River Basin, WT-700-2002, May 2002.


�William L. Hilsenhoff, “Using a Biotic Index to Evaluate Water Quality in Streams,” Wisconsin Department of Natural Resource Technical Bulletin No. 132, 1982.


�John Nelson, Senior Fisheries Biologist, Wisconsin Department of Natural Resources, Long Lake Compre�hensive Fish Community Survey, Fond du Lac County, 2004; Random Lake Electrofishing Report, 2004; Compre�hensive Fish Community Survey, Little Cedar Lake, Washington County, 1999, and; Erler Lake Fish Community Survey, Washington County, 2003.


�L. Wells and A.L. McClain, Lake Michigan: Effects of Exploitation, Introductions, and Eutrophication on the Salmonid Community, Journal of the Fisheries and Natural Resources Board of Canada, Volume 34, 1972; L. Wells and A.L. McClain, Lake Michigan-Man’s Effect on Native Fish Stocks and Other Biota, Great Lakes Fishery Commission Technical Report No. 20, 1973; Charles P. Madenjian and others, Dynamics of the Lake Michigan Food Web: 1970-2000, Canadian Journal of Fisheries and Aquatic Sciences, Volume 59, 2002.


�Additional information on the Lake Michigan fishery can be obtained from the WDNR Lake Michigan web page at http://dnr.wi.gov/org/water/fhp/fish/lakemich/index.htm.


�Wisconsin Department of Natural Resources, Milwaukee Estuary Remedial Action Plan Progress through January 1994, 1995.


�Edward L. Mills and Kristen T. Holeck, “Biological Pollutants in the Great Lakes,” Clearwaters, Volume 31, Spring 2001.


�E.L. Mills, J.H. Leach, J.T. Carlton, and C.L. Secor, “Exotic Species in the Great Lakes: A History of Biotic Crises and Anthropogenic Introductions,” Journal of Great Lakes Research, Volume 19, 1993; J.H. Leach, E.L. Mills, and M.A. Dochoda, “Non-indigenous Species in the Great Lakes: Ecosystems Impacts, Binational Policies, and Management,” In Great Lakes Fishery Policy and Management: A Binational Perspective, Edited by W.W. Taylor, Michigan State University Press, 1998.


�SEWRPC Technical Report No. 21, Sources of Water Pollution in Southeastern Wisconsin: 1975. September 1978.


�Inter-Fluve, Inc., Milwaukee County Stream Assessment, Final Report, September 2004.


�Inter-Fluve, Inc., Menomonee River Watershed Transport Study Summary Report, MMSD Contract No. W021-PE001, February 2001.


�Earth Tech, Inc., Root River Outfall and Streambank Erosion Assessment, January 2005.


�W.F. Baird & Associates, Fish Creek Geomorphic Study: Final Study Report, January 2002.


�Wisconsin Department of Transportation and SEWRPC Letter Agreement, USH 45—Stream Relocation Project (Project ID#4070-01-02), August 2001; SEWRPC Memorandum Report No. 151, Stream Channel Stability and Biological Assessment of Quaas Creek: 2002, Washington County, Wisconsin, July 2002.


�S A. Schumm, “Causes and Controls of Channel Incision,” In: S.E. Darby and A. Simon (eds.), Incised River Channels: Processes, Forms, Engineering and Management, John Wiley & Sons, New York, 1999.


�W.F. Baird & Associates, 2002, op. cit.


�SEWRPC Planning Report No. 42, A Regional Natural Areas and Critical Species Habitat Protection and Management Plan for Southeastern Wisconsin, September 1997.


�See Chapter II of SEWRPC Technical Report No. 39. Data were drawn from A. Desbonnet, P. Pogue, V. Lee, and N. Wolff, “Vegetated Buffers in the Coastal Zone—a Summary Review and Bibliography,” CRC Technical Report No. 2064. Coastal Resources Center, University of Rhode Island, 1994.


�The baseline was initially set as 1998-2001. During the course of the study, more recent data were incorporated into analyses as they became available. Thus, the baseline period used for these assessments in the Menomonee River, Kinnickinnic River, and Oak Creek watersheds was 1998-2001. Because more recent data were available when the analyses were conducted, the baseline period used for these assessments in the Milwaukee River and Root River watersheds and the Lake Michigan direct drainage area was 1998-2004.


�SEWRPC Memorandum Report No. 93, A Regional Water Quality Management Plan for Southeastern Wisconsin: An Update and Status Report, March 1995.


�Ibid.


�SEWRPC Planning Report No. 30, A Regional Water Quality Management Plan for Southeastern Wisconsin: 2000, Volume One, Inventory Findings, September 1978; Volume Two, Alternative Plans, February 1979; and Volume Three, Recommended Plan, June 1979.


�Wisconsin Department of Natural Resources, Approved Wisconsin 303(d) Impaired Waters List, August 2004.


�A more-detailed description of the areal extent and lithography of aquifers and confining units, including water table depths and elevation mapping can be found in SEWRPC Technical Report No. 37, Groundwater Resources of Southeastern Wisconsin, June 2002.


�D.I. Siegel, Geochemistry of the Cambrian-Ordovician Aquifer System in the Northern Midwest, United States, (Regional Aquifer-System Analysis report), U.S. Geological Survey Professional Paper 1405-D, 1989.


�P.A. Kammerer, Jr., Groundwater Quality Atlas of Wisconsin, U.S. Geological Survey and University of Wisconsin-Extension, Wisconsin Geological and Natural History Survey, Information Circular 39-1981.


�R.W. Ryling, A Preliminary Study of the Distribution of Saline Water in Bedrock Aquifers of Eastern Wisconsin, Wisconsin Geological and Natural History Survey, Information Circular 5, 1961.


�P.A. Kammerer, Jr., Ground-Water Flow and Quality in Wisconsin’s Shallow Aquifer System, U.S. Geological Survey Water-Resources Report 90-4171, 1995.


�Sharon Shaver, Investigation of Bacteriological Water Quality in Private Water Supply Wells in Waukesha County, WDNR Report 1996. Data from WDNR Groundwater Retrieval Network (GRN) and Waukesha County Environmental Health Department.


�Jon Standridge, Wisconsin State Laboratory of Hygiene data; Sharon Shaver, Ozaukee County GRN Data, 1990-1995.


�Centers for Disease Control, A Survey of the Quality of Water Drawn for Domestic Wells in Nine Midwestern States, 1994.


�Charles A. Czarkowski, WDNR Drinking Water and Groundwater Expert, Public Water System database.


�P.A. Kammerer, Jr., Investigations Report 90-4171, op. cit.





118
117

