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Figure 63. A modified Hilsenhoff Biotic Index (HBI-10) plotted against percent urban land use in site drainage basins for 15
stream sites in the Milwaukee Metropolitan Sewerage District planning area, Wis (Hilsenhoff, 1998). Site abbreviations listed in

table 1.

Algae Results

Attached benthic algae (periphyton) are often the
dominant primary carbon producers and energy source
for food chains in small- to medium-sized streams. The
term “periphyton” refers to the collection of the attached
benthic algae and other heterotrophic bacteria or microbes
that are affixed to the submerged substrata in freshwater
systems. The abundance and species diversity of periphy-
ton provides valuable information on water quality in a
particular stream reach. Periphyton can be used to develop
indicator indices in a manner similar to those for macroin-
vertebrates and fish.

The percent relative abundance (PRA) of each algal
group (blue-green algae, diatoms, green algae, red algae)
is the number of cells present of the algal group divided by
the total number of algal cells. Blue-green algae had the
highest PRA at Menomonee River at Wauwatosa (90.98
percent) and diatoms were dominant at Willow Creek
(PRA of 58.74 percent)(table 30). Green algae were found
at only eight sites, with Lincoln Creek having the highest

PRA (3.65 percent). Red algae were also found at eight
sites, with Root River at Greenfield and Root River near
Franklin having the highest PRA (86.92 percent and 51.72
percent, respectively). Algal group PRAs indicated no
appreciable relation to urban land use.

Percent biovolume of an algal group is determined
by multiplying the number of algal cells by the volume of
space each cell occupies, divided by the total biovolume of
the algal cells. The percent biovolume for a group of algae
can be drastically different than the PRA because of the
size of the cells. Blue-green algae may have been the most
abundant in the count; however those algae occupied very
small amounts of volume compared to other groups such
as diatoms or green algae and therefore may not have had
a high-percent biovolume. The most notable difference in
biovolume composition from PRA occurred at Milwaukee
River near Cedarburg, where blue-green algae composed
83.46 percent of the relative abundance but only 1.76
percent of the biovolume and green algae composed 0.41
percent of the relative abundance and 86.46 percent of the
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biovolume (table 30). Percent biovolumes of algal groups
indicated no appreciable relation to urban land use.

Nuisance, bloom-producing algae were found only at
Milwaukee River near Cedarburg (Cladophora glomerata)
and Underwood Creek (Stigeoclonium lubricum). Both
of these taxa are green algae that are common in Great
Lakes-area streams and lakes with high nutrient loading,
especially phosphorus (Prescott, 1962; Wehr and Sheath,
2003). On the basis of occurrence of nuisance algae and
the pollution classes, these two streams were identified as
possible areas of high nutrient loading and high concentra-
tions of other pollutants.

Pollution-tolerance classes for diatoms (“Most pollu-
tion tolerant” and “Pollution sensitive” in figure 64) have
been used as water-quality indicators in streams (Lange-
Bertalot, 1979; Bahls, 1993). The classes are based on
several variables such as nutrient concentration, saprobic
conditions (organic rich, oxygen poor), biochemical oxy-
gen demand (BOD), and toxics that each taxon can tolerate
and are based on the percent relative abundance of each
taxon in the sampled streams. Fewer pollution-sensitive
taxa at a site indicate that at least one of the variables that
make up the pollution-tolerance classes is elevated and not
suited for pollution-sensitive diatoms (Bahls, 1993). Jewel
Creek, Willow Creek, Milwaukee River near Cedarburg,
and Root River near Franklin had the highest percentages
of diatom-normalized relative abundances of pollution-
sensitive diatoms all over 60 percent (fig. 64). Lincoln
Creek and Kinnickinnic River had the lowest percentages
of diatom-normalized relative abundances of pollution-
sensitive diatoms both below 20 percent.

Streams with low percentages of pollution-sensitive
diatoms indicate that at least one of the variables used to
determine pollution sensitivity is elevated and that those
streams cannot sustain a large community of pollution-
sensitive taxa. Streams that have less than 30 percent
pollution-sensitive diatoms are of concern because these
streams may contain nutrients, such as phosphorus, that
lead to high oxygen demand and eutrophication. The
streams that had less than 30 percent pollution-sensitive
diatoms were Lincoln Creek, Honey Creek, Menomonee
River at Wauwatosa, and Kinnickinnic River. Pollution-
sensitive diatom percentages indicated a negative rela-
tion to urban land use, where percentages decreased with
increasing urban land use (fig. 65). Percentages of other
pollution-tolerance classes for diatoms indicated no appre-
ciable relation to urban land use.

Relations among Habitat Variables and Biotic
Communities

The streams in the MMSD planning area exhibited
considerable variation in their physical habitats, mainly
because of the wide range in size of streams sampled.

For example, mean wetted width of the sampled reaches
ranged from less than 3 m at the site with the smallest
drainage area (Willow Creek, 16.39 km?/6.33 mi?) to
almost 70 m at the site with the largest drainage area (Mil-
waukee River at Milwaukee, 1,787 km%690 mi?). Mean
depth ranged from 0.15 m at Willow Creek to 0.56 m at
Milwaukee River at Milwaukee.

Correlations among biological metrics and habitat
variables (table 31) were evaluated using Spearman’s rank
correlation (Iman and Conover, 1983). Results indicated
that the larger streams had relatively higher-quality fish
and macroinvertebrate communities than small streams;
however, algal community metrics did not correlate with
stream-size characteristics. Fish and macroinvertebrate
communities were significantly correlated (p < 0.05) with
the stream-size variables: width-to-depth ratio, low flow
volume, wetted channel area, bankfull channel area, and
drainage area. Unexpectedly, streams with a high amount
of bank erosion and a high percentage of pools had low
HBI scores, indicating the potential of confounding rela-
tions among multiple measured and unmeasured environ-
mental characteristics.
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Percent pollution-sensitive diatoms plotted against percent urban land use in site drainage basins for 15 stream sites
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Relations between Stream Biological Metrics,
Site Characteristics, and Water-Quality Data

Data for selected biological metrics were used to
divide the 14 wadeable stream sites into four groups (table
32) to investigate relations between bioassessment data
and site characteristic and water-quality data. Metrics from
each trophic level (algae, benthic invertebrates, and fish)
were selected based on their known high sensitivities to
water quality; metrics were selected (either alone or in
unison with others) to yield the most complete picture of
water quality at each trophic level. To avoid potential bias
toward any one metric or trophic level, data were standard-
ized (ranked, lowest number indicating best water quality)
and summarized at each trophic level, and the average
of these ranks across trophic levels yielded aggregate
bioassessment rankings. Sites were then divided into
four groups based on the quartile ranges of the aggregate
rankings. For the remainder of this discussion, sites will
be referred to in terms of their quartile number: quartile
1 contained sites where bioassessment data indicated the
least-degraded water quality among those sampled, and
quartile 4 contained sites that indicated the most-degraded
water quality. Quartiles contained the following stream
sites:

e Quartile 1: Milwaukee River near Cedarburg,
Milwaukee River at Milwaukee, Jewel Creek,
and Menomonee River at Menomonee Falls

e Quartile 2: Willow Creek, Root River near
Franklin, and Root River at Grange Avenue

¢ Quartile 3: Menomonee River at Wauwatosa,
Oak Creek, and Little Menomonee River

e Quartile 4: Honey Creek, Underwood Creek,
Lincoln Creek, and Kinnickinnic River

Aggregate bioassessment rankings, however, are
averages of the three trophic-level rankings, and as such,
results at individual trophic levels may vary. For example,
although Root River at Grange Avenue had an aggregate
ranking that placed it into quartile 2, results for macroin-
vertebrate metrics alone would have placed it into quartile
4. Site characteristics (in this case, drainage area and land
use) and selected water- and sediment-quality constituent
results were summarized based on the four bioassessment
quartiles (table 33) to determine if there were relations
with the aggregate bioassessment rankings.

Biological metrics often correlate with site charac-
teristics such as land use and drainage area, with higher-
quality biological communities and increased diversity
as urban land use decreases and drainage area increases
(Vannote and others, 1980; Wang and others, 2001; Paul
and Meyer, 2001). Sites in quartile 1° had the lowest mean
percent urban land use and the largest mean drainage area,
while sites in quartile 4 had the highest mean percent
urban land use and the smallest mean drainage area (table
33). Though mean site characteristics for quartiles 2 and 3
did fall between these two extremes, sites in quartile 2 had
generally more urban land use and smaller drainage areas
than those in quartile 3.

Median chloride concentrations were lowest in
quartile 1, with increasing concentrations in quartiles 2, 3,
and 4. Chloride concentrations indicated a positive rela-
tion with increasing urban land use (fig. 9); in particular,
increasing transportation land use across the quartiles may
be responsible for increases in chloride concentration.

Nutrients, chlorophyll a, and suspended sediment
results exhibited a wide range of relations to bioassessment
quartiles. Median concentrations of total nitrogen and
nitrate generally decreased from quartile 1 to quartile 4,
and may be attributed to differences in the percent of agri-
cultural land use between the quartiles, as previous studies
have shown that agricultural sites have higher concentra-
tions of these constituents than do urban sites (Mueller and
Spahr, 2006). Median concentrations of total phosphorus
generally increased from quartile 1 to quartile 4, while no
particular relations were observed for median chlorophyll
a and suspended sediment concentrations.

Mercury constituents did not exhibit consistent rela-
tions to bioassessment quartiles. Median dissolved total
mercury concentrations generally increased from quartile
1 to quartile 4, whereas median dissolved methylmercury
concentrations decreased across the quartiles. Previous
studies have shown that urban sites have lower methylation
(conversion of mercury to methylmercury) efficiency when
compared to agricultural sites (Krabbenhoft and others,
1999). Median concentrations of particulate total and
methylmercury varied across the quartiles.

® While the mean drainage area of quartile 1 is much larger than the
rest of the quartiles, it should be noted that this quartile contains sites
with drainage areas among the largest (Milwaukee at Milwaukee, 690
mi’) and the smallest (Jewel Creek, 8.16 mi?) of those sampled.
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Table 32. Average trophic-level rankings and aggregate bioassessment rankings for Phase Il stream sites in the Milwaukee
Metropolitan Sewerage District planning area, Wis.

[IBI, Index of Biotic Integrity; EPT, Ephemeroptera, Plecoptera, and Trichoptera; HBI, Hilsenhoff Biotic Index; fill color indicates quartile of ranking
(quartile 1, blue; quartile 2, light blue; quartile 3, light orange; quartile 4, orange; each column is considered independently)]

Average trophic-level ranking Aggregate
Site bioassesment
Fish' Invertebrates? Algae® ranking

Quartile 1
Milwaukee River near Cedarburg 1.00 1.33 2.00 1.44
Milwaukee River at Milwaukee 2.00 2.67 6.00 3.56
Jewel Creek at Muskego 5.00 6.00 1.50 4.17
Menomonee River at Menomonee Falls 3.00 7.33 4.00 4.78

Quartile 2
Willow Creek at Maple Road near Germantown 4.00 6.17 7.00 5.72
Root River near Franklin 6.00 6.67 8.50 7.06
Root River at Grange Avenue at Greenfield 7.50 11.00 7.00 8.50

Quartile 3
Menomonee River at Wauwatosa 7.50 8.33 10.00 8.61
Oak Creek at South Milwaukee 9.50 7.33 9.50 8.78
Little Menomonee River at Milwaukee 13.00 8.33 6.50 9.28

Quartile 4
Honey Creek at Wauwatosa 11.00 8.17 9.00 9.39
Underwood Creek at Wauwatosa 9.50 10.33 8.50 9.44
Lincoln Creek at 47th Street at Milwaukee 13.00 9.67 12.00 11.56
Kinnickinnic River at S. 11th Street at Milwaukee 13.00 11.67 13.50 12.72

! Averaged trophic-level rankings included only fish IBI scores.
2 Averaged trophic-level rankings included Shannon index of diversity scores, percent of EPT taxa, and HBI-10 scores.

3 Averaged trophic-level rankings included percent of most-sensitive diatoms and percent of sensitive diatoms.
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Table 33. Summarized results of Phase Il constituents, grouped by aggregate bioassessment ranking in the Milwaukee
Metropolitan Sewerage District planning area, Wis.

[mg/L, milligram per liter; ug/L, microgram per liter; col/100 mL, colonies per 100 milliliters; MPN/100 mL, most probable number per 100 milliliters;
plaques/100mL, plaques per 100 milliliters; DF, detection frequency; mg/kg, milligram per kilogram; ug/g, microgram per gram; PCB, polychlorinated
biphenyl; PAH, polycyclic aromatic hydrocarbon; EDC, known or suspected endocrine-disruptor; <, less than. Values in parentheses indicate the range
of possible median concentrations for constituents where the median is an average calculated from a concentration above and a concentration below the
reporting level. Fill color indicates relative value of each constituent and increases in value from blue, to light blue, to light orange, to orange; where
there is only one mid-range value (that is, where there is a single value, or two identical values), fill color is determined by the difference from the mini-
mum and maximum values: light blue if closest to minimum value and light orange if closest to maximum value.]

Summarized results grouped by
aggregate hioassessment ranking

Measure  Quartile 1 Quartile 2 Quartile 3 Quartile 4
Constituent Unit of center sites sites sites sites

Site characteristics

Drainage area square miles mean 335 234 559 14.2
Agricultural percent mean 42 16 23 <1
Natural areas percent mean 31 21 23 10
Urban percent mean 28 63 53 90
Transportation percent mean 8 18 18 30
Industrial percent mean 3 1
Commercial percent mean 1 2 2 4
Residental percent mean 14 36 24 42
Other urban percent mean 2 5 6 11
Major lons
Chloride, water, filtered mg/L median 116 144 175 232

Nutrients, chlorophyll a, and suspended sediment

Total nitrogen (nitrate + nitrite + mg/L as nitrogen  median 1.54 1.28 1.33 1.16
ammonia + organic nitrogen), water,
unfiltered, analytically determined

Nitrite plus nitrate, water, filtered mg/L as nitrogen  median 0.780 0.630 0.530 0.515

Phosphorus, water, unfiltered mg/L median 0.105 0.092 0.116 0.141

Chlorophyll a, water, unfiltered, ug/L median 9.99 2.74 6.65 5.54
trichromatic method, uncorrected

Suspended sediment concentration mg/L median 16 18 22 7

Mercury

Mercury, water, filtered ng/L median 0.98 0.98 1.48 1.66
(dissolved total mercury)

Mercury, suspended sediment, total ng/L median 1.34 1.28 3.08 1.21
(particulate total mercury)

Methylmercury, water, filtered, recoverable ng/L median 0.10 0.08 0.07 0.06
(dissolved methylmercury)

Methylmercury, suspended sediment, total ng/L median 0.056 0.038 0.069 0.044

(particulate methylmercury)

Indicator organisms

Fecal coliform col/100 mL median 180 420 580 780
Escherichia coli MPN/100 mL median 180 460 690 1,000
Coliphage plaques/100 mL  median 1 1 9 16

Coliphage, groups II and III DF median 6 8 17 25
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Table 33. Summarized results of Phase Il constituents, grouped by aggregate bioassessment ranking in the Milwaukee
Metropolitan Sewerage District planning area, Wis.—Continued.

[mg/L, milligram per liter; ug/L, microgram per liter; col/100 mL, colonies per 100 milliliters; MPN/100 mL, most probable number per 100 milliliters;
plaques/100mL, plaques per 100 milliliters; DF, detection frequency; mg/kg, milligram per kilogram; ug/g, microgram per gram; PCB, polychlorinated
biphenyl; PAH, polycyclic aromatic hydrocarbon; EDC, known or suspected endocrine-disruptor; <, less than. Values in parentheses indicate the range
of possible median concentrations for constituents where the median is an average calculated from a concentration above and a concentration below the
reporting level. Fill color indicates relative value of each constituent and increases in value from blue, to light blue, to light orange, to orange; where
there is only one mid-range value (that is, where there is a single value, or two identical values), fill color is determined by the difference from the mini-
mum and maximum values: light blue if closest to minimum value and light orange if closest to maximum value.]

Summarized results grouped by
aggregate bhioassessment ranking

Measure Quartile 1 Quartile 2 Quartile 3 Quartile 4
Constituent Unit of center sites sites sites sites

Pathogenic organisms

Salmonella DF median 19 44 44 23
Cryptosporidium DF median 42 42 50 42
Giardia DF median 27 36 28 19
Escherichia coli O157:H8 DF median 6 3 0 2
Bed sediment
Arsenic in sediment mg/kg median (3.0-3.5) (4.0-4.5) <1.0 5.5
Cadmium in sediment mg/kg median <0.100 (0.45-0.50) <0.100 <0.100
Chromium in sediment mg/kg median 15 12 15 19
Copper in sediment mg/kg median 20 22 16 38
Lead in sediment mg/kg median 26 16 22 39
Mercury in sediment mg/kg median 0.05 0.04 0.03 0.05
Nickel in sediment mg/kg median 11 12 6.5 11
Total phosphorus in sediment mg/kg median 710 690 300 1,100
Zinc in sediment mg/kg median 80 79 66 200
Total PCBs in sediment ug/g median 0.29 <0.02 0.04 0.03
Wastewater compounds
Antimicrobial disinfectants DF median 4 0 3 6
Antioxidants DF median 0 0 0 25
Detergent metabolites DF median 15 19 33 38
Dyes and pigments DF median 38 67 86 96
Fire retardants DF median 34 56 89 96
Flavors and fragrances DF median 30 36 53 77
Fuels DF median 6 8 6 19
Herbicides DF median 38 39 42 46
Human drugs (nonprescription) DF median 53 64 97 96
Insecticides DF median 66 72 92 98
PAHSs DF median 32 53 81 83
Plasticizers DF median 34 42 61 79
Sterols DF median 6 11 11 15
Solvents DF median 9 8 14 17
Miscellaneous DF median 11 8 11 15

EDCs DF median 55 64 75 83
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Median results for all indicator organisms increased
from quartile 1 to quartile 4. The increasing detection
frequencies (DFs) of the coliphage serogroups II and III
across the quartiles indicated probable increases in human
sources of fecal contamination. Percent urban land also
generally increased from quartiles 1 to 4.

In contrast with indicator organisms, DFs for patho-
genic organisms did not indicate a particular increase or
decrease across quartiles.

DFs of wastewater compound (WWC) constituent
classes and known or suspected endocrine-disrupting com-
pounds (EDCs) generally increased across the quartiles,
though there were a few exceptions. For example, the DFs
for fuels varied across the first three quartiles, but all had
similar results and were less than half the DF observed for
quartile 4. DFs for nonprescription human drugs in quar-
tiles 1 and 2 were similar and lower than DFs in quartiles
3 and 4, which were higher and also similar to each other.
Although median bed sediment constituent concentra-
tions did not show consistent relations across the quartiles,
quartile medians observed for three constituents (zinc, total
polychlorinated biphenyls (PCBs), and total phosphorus)
contained one quartile with notably higher concentrations
than the remaining three quartiles. Two of these constitu-
ents (zinc and total phosphorus) had the highest median
concentrations in quartile 4. Previous studies have shown
that zinc concentrations in street refuse are highest in areas
of transportation land use; therefore, the higher concen-
trations observed in quartile 4 may be attributable to the
higher proportion of transportation land use in this quartile
(Novotny and Chesters, 1981). Other studies have found
that the highest proportion of total phosphorus in urban
land uses comes from lawns and streets; the higher propor-
tion of residential and transportation land uses in quartile 4
may be responsible for these higher concentrations (Was-
chbusch and others, 1999). In contrast, the highest median
PCB concentration was observed in quartile 1; this may
be due to contamination from the Cedar Creek Superfund
alternative site which is upstream of two of the four sites
(Milwaukee River near Cedarburg and Milwaukee River at
Milwaukee) included in that quartile. Fish-tissue samples
collected from the Milwaukee River at Milwaukee also had
detections of PCBs (fish-tissue samples were not collected
at Milwaukee River near Cedarburg). PCB contamination
at these sites has been well-documented in previous studies
(Scudder and others, 1997; Steuer and others, 1999; Wis-
consin Department of Natural Resources, 2006).

The imperfect relation of biological metrics to site
characteristics and water-quality data is likely indicative
of additional influences on the quality of biological com-
munities. A number of influences on biological commu-
nities may assist in explaining these differences: stream
flashiness (by minimizing macroinvertebrates and algae
colonization); localized intermittent pollution; and toxicity
from unidentified constituents. In addition, reach selection
shows inherent bias toward sites where biota is available
for sampling, which may not accurately represent the over-
all quality of the stream. Since neither biological metrics
nor water-quality data provided a complete description
of stream quality, the Phase II assessment of streams was
strengthened by the use of both approaches to establish a
holistic baseline assessment of stream quality.



Potential Areas for Data Collection
in Phase Il

Given the emphasis on the spatial and temporal
distribution of water-quality characteristics in Phase II,
future efforts could be more hypothesis-driven, seeking
to answer specific questions that have yet to be addressed
in the MMSD planning area. For example, what are the
long-term effects of changing water quality on biotic com-
munities? What is the relative magnitude and contribution
of waterborne pathogens from major sources on an annual
basis? Phase II results indicated that bioassessment of
the streams was a useful tool for assessing overall stream
conditions, particularly in combination with the water
quality results. Continued biological data collection would
enhance understanding of overall water quality and give
a long-term picture of stream conditions in the MMSD
planning area. Although microbiological data collection
during Phase II was, in part, to augment historical data-
collection efforts, results suggested the utility of focused
studies such as direct testing for pathogenic viruses, as
well as studies to determine sources of Cryptosporidium
and Giardia within the urban landscape. These microbio-
logical investigations could be designed to (1) define the
relative magnitude and contribution of waterborne human
pathogenic viruses from major sources on an annual basis,
and (2) define the relative loading of Cryptosporidium and
Giardia from different land uses and source areas within
the urban landscape. Determinations of toxicity levels in
the water column, sediment, and SPMDs of urban streams
could be integrated into further studies of the relative
concentrations and loads of WWCs in the water column,
bed sediment, biota, and post-treatment wastewater mixed
with lake water. Performed with an integrated approach,
these investigations could provide MMSD with a better

understanding of the changes and challenges in the MMSD

planning area.
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Summary

From February 2004 through September 2005, USGS
personnel, in cooperation with MMSD, were involved in
an extensive data-collection effort as part of Phase II of the
MMSD Corridor Study. The purpose of this data-collection
effort was to address spatial, temporal, and technologi-
cal gaps identified in the Phase I data analysis. This effort
included the addition of harbor sites in Phase II, resulting
in data collection at 15 stream and 6 harbor sites within
the MMSD planning area. Data gathering included the col-
lection of stream-discharge data for selected streams, the
sampling and analysis for over 220 water-quality proper-
ties and constituents, and collection of additional sus-
pended sediment, total phosphorus, and chloride data for
computation of loads, yields, and volumetrically weighted
concentrations at 4 sites. Bioassessment during autumn
2004 included gathering biologic-community data and
stream-habitat data at wadeable Phase II stream sites.

Summary of Relations between Biological
Metrics, Site Characteristics, and Water-
Quality Data

Data for selected biological metrics were used to
divide the 14 wadeable stream sites into four groups to
investigate relations between bioassessment data and site
characteristic and water-quality data. Aggregate bioassess-
ment rankings of Phase II data were used to divide the sites
into four quartiles reflecting relative water quality. Quartile
1 contained sites where bioassessment data indicated the
least-degraded water quality among those sampled, and
quartile 4 contained sites that indicated the most-degraded
water quality. Quartiles contained the following stream
sites:

e Quartile 1: Milwaukee River near Cedarburg,
Milwaukee River at Milwaukee, Jewel Creek,
and Menomonee River at Menomonee Falls

¢ Quartile 2: Willow Creek, Root River near
Franklin, and Root River at Grange Avenue

¢ Quartile 3: Menomonee River at Wauwatosa,
Oak Creek, and Little Menomonee River

e Quartile 4: Honey Creek, Underwood Creek,
Lincoln Creek, and Kinnickinnic River
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Site characteristics (in this case, drainage area and
land use) and selected water- and sediment-quality constit-
uent results were summarized based on the four bioassess-
ment quartiles to determine if there were relations with the
aggregate bioassessment rankings. In general, sites having
the largest drainage basins with lowest proportion of urban
land use were in quartile 1, and the smallest drainage
basins with highest proportion of urban land use were in
quartile 4. Major ions, indicator organisms, and wastewa-
ter compounds generally had the lowest overall results in
quartile 1, and highest overall results in quartile 4. Results
for other constituent types (nutrients, mercury, pathogenic
organisms, and bed sediment) indicated mixed results, with
results for some constituents decreasing from quartile 1 to
quartile 4. Since neither biological metrics nor water-qual-
ity data provided a complete description of stream quality,
the Phase II assessment of streams was strengthened by
the use of both approaches to establish a holistic baseline
assessment of stream quality.

Findings for Harbor Sites and the Milwaukee
River at Mouth at Milwaukee Site

Harbor results from Phase II data collection indicated
that most of the water-quality constituents highlighted in
this report were also detected in the harbor. In the inner
harbor, approximately half of the constituents highlighted
had similar results when compared to results from stream
sites; remaining constituents had results that were gener-
ally lower than those from stream sites. In the outer harbor,
most constituents highlighted had lower results when com-
pared to results from stream sites and inner-harbor sites.

Phase 1II findings indicated that 13 of the 15 wastewa-
ter compound (WWC) classes were present in the Milwau-
kee Harbor. In the inner harbor, results for seven WWC
classes indicated DFs similar to those in stream samples:
detergent metabolites, fire retardants, flavors and fra-
grances, herbicides, human drugs (nonprescription), insec-
ticides, and miscellaneous. The antimicrobial disinfectant
and antioxidant classes were not detected in the inner
harbor. In the outer harbor, results for two WWC classes
indicated DFs similar to those in stream samples: herbi-
cides and miscellaneous. Eight classes were not detected in
the outer harbor: antimicrobial disinfectants, antioxidants,
detergent metabolites, dyes and pigments, fuel, plasticiz-
ers, solvents, and sterols.

The Milwaukee River at Mouth site integrates flow
from multiple streams and is affected by seiches from
Lake Michigan. Median results for certain water-quality
constituents at this site were similar to those for inner-
harbor samples, and median results for other constituents
were more like those for stream samples. The median chlo-
ride concentration at Milwaukee River at Mouth was less
than half than that observed at most stream sites, and was
similar to median concentrations observed at harbor sites.
Median concentrations for nutrients were similar to those
for stream sites. The Milwaukee River at Mouth site had
the lowest median concentrations of all stream sites for
dissolved mercury and dissolved and particulate methyl-
mercury (similar to harbor samples), but median concen-
trations of particulate mercury were similar to samples
from the other stream sites. Median concentrations of
indicator organisms (fecal coliform, E. coli, and coliphage)
were lower than those observed at stream sites, but were
higher than those observed in harbor samples. DFs of
coliphage groups II and III indicated that, of the coliphage
detected, the proportion of probable human sources was
more similar to stream sites than harbor sites. With the
exception of E. coli O157:H7, pathogen DFs were similar
to those observed in stream samples. DFs of WWCs were
similar to those observed at stream sites. Concentrations of
trace elements and PCBs in bed sediment at Milwaukee at
Mouth were among the highest observed at Phase II stream
sites.

Phase I-Phase Il Comparisons

General comparisons between Phase I and Phase
II median concentrations were made where data were
available for both phases and were sufficient to discern
an overall pattern. Phase I median concentrations were
calculated from available data; depending on the constitu-
ent, the amount of data ranged from a small dataset with
only a few results to a large dataset with numerous results.
Comparisons could not be made for a number of Phase II
constituents (for example, the WWCs), as technology to
analyze for many of these compounds has only recently
been developed. For many of the constituents for which
comparable data were available for Phase I and Phase II,
notable differences were evident (appendix 5). All com-
parisons between Phase I and Phase II were for manually
collected samples; automatically collected samples used
for Phase II loads determinations had no Phase I counter-
parts available for comparison.



Median chloride concentrations generally increased
between Phase I and Phase II, likely because winter sam-
pling and event sampling were included as part of Phase II.
This finding indicated that winter contributions of chloride
to streams may be substantial. Increased chloride concen-
trations typically occur in winter when road salts were
used as deicers on smaller snowfall events (typically 1 to 2
inches) and road salts are used to clear roads and parking
lots. Meltwater from deicing activities of this kind pro-
duce small volumes of runoff with high concentrations of
chloride. This type of runoff has the most effect on urban
streams where the proportion of runoff is high due to the
concentration of impervious surfaces, and where roads are
prevalent and frequently deiced. Phase II stream sites with
median chloride concentrations above the USEPA national
chronic freshwater-quality criterion all had drainage basins
with over 80 percent urban land use.

Nutrients, chlorophyll @, and suspended sediment
concentrations indicated varying results from Phase I to
Phase II. Total nitrogen and suspended sediment con-
centrations decreased or indicated no notable difference.
Nitrate, total phosphorus, and chlorophyll a concentrations
increased or indicated no notable difference from Phase I
to Phase II.

Indicator organisms, fecal coliform, and E. coli
comparisons also indicated varying results from Phase I
to Phase II. Fecal coliform concentrations were generally
decreasing. E. coli concentrations indicated no notable
difference, but this may be due to the limited data set avail-
able for Phase L.

Although bed-sediment data for Phase I was limited,
changes were still observed. Median concentrations of
most trace elements (cadmium, chromium, copper, lead,
mercury, nickel, and zinc) in bed sediment decreased
from Phase I to Phase II; however, arsenic concentrations
increased. PCB concentrations in bed sediment indicated
no notable difference once the increased analytical sensi-
tivity of Phase II analyses had been considered.

PCB data in sediment and fish tissue were available
for comparison at three sites between Phase I and Phase II,
because Phase II fish tissue samples were only collected
at Milwaukee River at Milwaukee, Menomonee River at
Wauwatosa, and Root River near Franklin. Although direct
comparisons between the Lower Milwaukee River subwa-
tershed and the three Milwaukee River Phase II sites were
generally avoided, contamination of this subwatershed
with synthetic organic contaminants (especially PCBs)
is well documented and was discussed in general terms
using data from the Milwaukee River at Milwaukee site.
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The Milwaukee River continued to have PCB detections in
fish tissue, which could be due to contamination from the
upstream Cedar Creek Superfund alternative site. At the
Menomonee River at Wauwatosa site, PCBs were detected
in bed sediment in both Phase I and Phase II; PCBs were
not detected in fish tissue in Phase I but were detected in
Phase II, which could imply that PCBs persisting in bed
sediments are now moving up into biological systems. At
the Root River near Franklin site, no PCBs were detected
in bed sediment during Phase II. No data were avail-

able for Phase I. There were also no PCB detections in
fish tissue in either Phase I or Phase II at the Root River
near Franklin site. Upstream, at the Root River at Grange
Avenue site, PCBs were detected in bed sediment during
Phase II.

Fish-tissue data also were analyzed for historically
used pesticides. Pesticide detections in fish tissue were
observed at the Milwaukee River at Milwaukee site during
Phase I; however concentrations observed during Phase
IT were below the Phase I reporting level. Although not
detected in fish-tissue samples at Menomonee River at
Wauwatosa during Phase I, historically used pesticides
were observed in the samples collected during Phase II
at concentrations above the Phase I reporting level. Root
River near Franklin had no pesticide detections in fish tis-
sue in Phase I or Phase II.

Bioassessments of streams indicated varying results
when Phase I and Phase II data were compared. EPT taxa
representation at most sites remained constant or improved
from Phase I to Phase II; declines in EPT taxa represen-
tation were observed at Oak Creek and Root River near
Franklin. In addition, the majority of Phase II HBI-10
scores remained constant or improved when compared to
Phase I water-quality ratings; increases in HBI-10 ratings
(from fairly poor to fair) were observed at Oak Creek and
Root River at Grange Avenue. Fish IBI data had fewer
sites available for comparison; however, where available,
Phase II biotic integrity ratings at compared sites either
remained constant or worsened when compared with Phase
I. Although results for macroinvertebrate assessments were
generally inconsistent with the fish IBI data, changes in
water quality are generally reflected at the lower trophic
levels first; therefore, this inconsistency may be an indica-
tion of improving water quality in these urban streams.
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Appendix 1. Land-use classes from Southeastern Wisconsin Regional Planning Commission (SEWRPC) and
Wisconsin Department of Natural Resources WISCLAND land-cover data sets.

MMSD SEWRPC 2000 classification SEWRPC WISCLAND classification WISCLAND code
Phase Il use code
Residential Residential 100s Urban/developed, low intensity 104
Commercial Commercial 200s
Cultural outdoor T11-712
Industrial Industrial 300s Urban/developed, high intensity 101
Transportation Transportation 400s
Other urban Communication and utilities 500s Urban/developed, golf course 105
Institutional and governmental services 600s
Land-related outdoor recreation areas 731-732
Water-related outdoor recreation sites 781-782
Outdoor recreation area under 799
development
Agriculture Agriculture 800s Agriculture 110s, 120s,
130s, 140s
Natural areas and Natural areas and other lands 900s Forest 150s, 160194,
other lands 200, 210-220,
222-234,
240s, 250,

255
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Appendix 2A-B. Descriptions of methods for harbor-site sampling and mercury sampling.

Appendix 2A. Modified sampling technique for MMSD harbor sites, 2004—2005

Regular samples
* Kemmerer sampler
 Fill pickle jar with 9 liters to make composite sample.
 Field clean equipment between sampling locations.
* Weighted sampler
 Fill three baked 1-liter amber glass bottles for:
* Dissolved organic carbon (DOC) and total particulate carbon and nitrogen analysis
* Pesticides analysis
e Wastewater analysis
 Field measurements (dissolved oxygen (DO), temperature, pH, and specific conductance)
e Three measurements—one measurement at each of three depths
0A/QC samples: These samples are collected in association with regularly collected samples and are also done at a specified
frequency.
* Blanks: A blank is run after a regular sample is collected and equipment has been cleaned.
e Samples regularly collected with Kemmerer sampler
* Fill sampler with universal blank water then dump into pickle jar, as one would a sample
e Samples regularly collected with weighted sampler
» Fill 1-L glass bottles with universal blank water, cap
* No field measurements are made on universal blank water
e Sample time recorded as 1 minute before the regular sample’s time
* Replicates:
* Kemmerer sampler
* Collect replicate samples immediately after the original sample has been collected, in the same manner
¢ Weighted sampler
e Collect replicate samples immediately after the regular sample has been collected, in the same manner
* No additional field measurements are needed; use the ones from the regular sample

e Sample time is recorded as 1 minute after the regular sample’s time
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Appendix 2B. Mercury sampling

Whole-water samples were collected whenever pos-
sible from the centroid of flow by field personnel wearing
arm-length gloves and submersing a 1-L. PETG (glycol-
modified polyethylene terephthalate) bottle. The filled
bottle was hermetically sealed in a re-sealable clear plastic
bag and immediately placed in a cooler for transport to
the USGS Wisconsin Mercury Research Laboratory in
Middleton, Wis. Once at the lab, the water samples were
filtered to separate the dissolved and particulate associ-
ated fractions of methylmercury and total mercury. Sample
filtration was done by use of an acid-cleaned, plastic
filtration dome, baked (at 500°C); quartz fiber filters
(QFFs); a vacuum pump, and a Teflon sample tower. In
this procedure, the sample is exposed to ambient air for a
few minutes and only contacts Teflon surfaces that have
been rigorously cleaned in hot acid, thoroughly rinsed
with deionized water, and then double-bagged until use.
Filtered water samples for total mercury and methylmer-
cury analysis were preserved by adding concentrated HCI
to 1 percent by volume. Particulates retained on the QFFs
during filtration were immediately placed in Teflon petri
dishes, sealed in clear plastic bags, and kept frozen until
analysis.

A brief description of the analytical procedures for
total mercury and methylmercury water and suspended
particulates is given here but a complete description can
be found in Olson and DeWild (1999), Dewild and others
(2004), and Olund and others (2004). Total mercury and
methylmercury determinations were done at the USGS
Wisconsin Mercury Research Laboratory, a facility
specifically designed and dedicated for low-level specia-
tion analysis of environmental samples for mercury. Total
mercury was determined by cold vapor atomic fluores-
cence spectroscopy (CVAFS) following oxidation with
BrCl at 50°C, reduction by SnClI?, and purge and trap of
the evolved Hg® onto gold-coated glass bead columns.
The analytical procedure for methylmercury is a two-step
process involving distillation of the sample to separate the
methylmercury from potential matrix-interference effects
of dissolved organic carbon (DOC), followed by aqueous
phase ethylation and quantification using gas chromatog-
raphy and CVAFS. Ancillary chemical data to assist in
the interpretation of the results were determined by the
following methods: pH was measured in the field with a
calibrated probe, sulfate by ion chromatography, and DOC
by a carbon analyzer that employs acidification and persul-
fate/UV oxidation.
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Appendix 3. Water-quality properties and constituents, reporting levels, and analyzing laboratories.

Table 3-1. Automatically collected samples
Analyzing laboratory: Wisconsin State Lab of Hygiene, Madison, Wis. (WSLH)

[mg/L, milligram per liter]

Parameter  Reporting

Constituent code level Reporting units Analyzing lab
Chloride, water, filtered 00940 0.2 mg/L WSLH
Phosphorus, water, unfiltered 00665 .004 mg/L WSLH
Suspended sediment concentration 80154 1 mg/L WSLH
Table 3-2. Field parameters
[mg/L, milligram per liter; uS/cm, microsiemen per centimeter; °C, degrees Celsius; --, not available]
Constituent Parameter Reporting Reporting units Analyzing lab
code level
Alkalinity, water, filtered, incremental titration, field 39086 - mg/L as calcium None (field)
carbonate
Dissolved oxygen, water, unfiltered 00300 -- mg/L None (field)
pH, water, unfiltered, field 00400 -- standard units None (field)
Specific conductance, water, unfiltered 00095 - uS/cm at 25°C None (field)
Temperature, water 00010 - °C None (field)
Temperature, air 00020 - °C None (field)

Table 3-3. Dissolved and particulate carbon and particulate nitrogen (Schedule 2631 and Lab Code 2613)
Analyzing laboratory: USGS National Water Quality Laboratory, Denver, Colo. (NWQL)

[mg/L, milligram per liter]

Parameter  Reporting

Constituent code level Reporting units Analyzing lab
Carbon (inorganic plus organic), suspended sediment, 00694 0.12 mg/L NWQL
total
Inorganic carbon, suspended sediment, total 00688 12 mg/L NWQL
Organic carbon, suspended sediment, total 00689 12 mg/L NWQL
Organic carbon, water, filtered 00681 33 mg/L NWQL

Particulate nitrogen, suspended in water 49570 .022 mg/L NWQL
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Appendix 3. Water-quality properties and constituents, reporting levels, and analyzing laboratories—Continued.

Table 3-4. Miscellaneous water-quality measurements
Analyzing laboratories: Wisconsin State Lab of Hygiene, Madison, Wis. (WSLH); USGS National Water Quality
Laboratory, Denver, Colo. (NWQL); USGS lowa Water Science Center Sediment Laboratory in lowa City, lowa
(IWSC-SL); USGS Kentucky Water Science Center Sediment Laboratory in Louisville, Ky. (KWSC-SL)

[ug/L, microgram per liter; °C, degrees Celsius; mg/L, milligram per liter; uS/cm, microsiemen per centimeter; --, not available]

Parameter  Reporting

Constituent Reporting units Analyzing lab

code level
Alkalinity, water, filtered, fixed endpoint (pH 4.5) 29801 5 mg/L as calcium NWQL
titration, laboratory carbonate
Chlorophyll a, water, unfiltered, trichromatic method, 32210 .26 ug/L WSLH
uncorrected
Biochemical oxygen demand, water, unfiltered, 5 days 00310 2 mg/L WSLH
at 20°C
Chemical oxygen demand, low level, water, unfiltered 00335 9 mg/L WSLH
Microtox Acute Toxicity Test, water -- -- percent effect WSLH
pH, water, unfiltered, laboratory 00403 1 standard units NWQL
Specific conductance, water, unfiltered, laboratory 90095 2.6 uS/cm at 25°C NWQL
Suspended sediment concentration 80154 1 mg/L IWSC-SL (2004),

KWSC-SL (2005)

Table 3-5. Major inorganics (Schedule 2701)
Analyzing laboratory: USGS—National Water Quality Laboratory, Denver, Colo. (NWQL)

[mg/L, milligram per liter; ug/L, microgram per liter; uS/cm, microsiemen per centimeter; °C, degrees Celsius]

Parameter Reporting

Constituent code level Reporting units Analyzing lab
Calcium, water, filtered 00915 0.01 mg/L NWQL
Chloride, water, filtered 00940 2 mg/L NWQL
Fluoride, water, filtered 00950 17 mg/L NWQL
Iron, water, filtered 01046 6.4 ug/L NWQL
Magnesium, water, filtered 00925 .008 mg/L NWQL
Manganese, water, filtered 01056 .8 ug/L NWQL
pH, water, unfiltered, laboratory 00403 1 standard units NWQL
Potassium, water, filtered 00935 .16 mg/L NWQL
Residue on evaporation, dried at 180°C, water, filtered 70300 10 mg/L NWQL
Silica, water, filtered 00955 .04 mg/L NWQL
Sodium, water, filtered 00930 1 mg/L NWQL
Specific conductance, water, unfiltered, laboratory 90095 2.6 uS/cm at 25°C NWQL

Sulfate, water, filtered 00945 18 mg/L NWQL
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Appendix 3. Water-quality properties and constituents, reporting levels, and analyzing laboratories—Continued.

Table 3-6. Nutrients (Schedule 2711)
Analyzing laboratory: USGS—National Water Quality Laboratory, Denver, Colo. (NWQL)

[mg/L, milligram per liter]

Parameter  Reporting

Constituent Reporting units Analyzing lab

code level
Ammonia, water, filtered 00608 0.04 mg/L as nitrogen NWQL
Nitrite, water, filtered 00613 .008 mg/L as nitrogen NWQL
Nitrite plus nitrate, water, filtered 00631 .06 mg/L as nitrogen NWQL
Total nitrogen (nitrate + nitrite + ammonia + organic 62855 .03 mg/L as nitrogen NWQL
nitrogen), water, unfiltered, analytically determined
Orthophosphate, water, filtered 00671 .006 mg/L as phosphorus NWQL
Phosphorus, water, unfiltered 00665 .004 mg/L NWQL

Table 3-7. Mercury
Analyzing laboratory: USGS-Wisconsin Mercury Research Laboratory, Middleton, Wis. (WMRL)

[ng/L, nanogram per liter]

Parameter Reporting

Constituent code level Reporting units Analyzing lab

Mercury, suspended sediment, total 62976 0.062 ng/L WMRL
(particulate total mercury)

Mercury, water, filtered 50287 .04 ng/L WMRL
(dissolved total mercury)

Methylmercury, suspended sediment, total 62977 .01 ng/L WMRL
(particulate methylmercury)

Methylmercury, water, filtered, recoverable 50285 .04 ng/L WMRL

(dissolved methylmercury)
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Appendix 3. Water-quality properties and constituents, reporting levels, and analyzing laboratories—Continued.

Table 3-8. Indicator and pathogenic microorganisms
Analyzing laboratories: Milwaukee Metropolitan Sewerage District, Milwaukee, Wis. (MMSD); Wisconsin State Lab
of Hygiene, Madison, Wis. (WSLH)

[MPN/100 mL, most probable number per 100 milliliters; col/100 mL, colonies per 100 milliliters; plaques/100mL, plaques per 100 milliliters; mL,
milliliter; cysts/100 mL, cysts per 100 milliliters; oocysts/100 mL, oocysts per 100 milliliters; --, not available]

Parameter Reporting
code level

Escherichia coli -- 1 MPN/100 mL MMSD
Fecal coliform -- 3 col/100 mL MMSD
Escherichia coli 50468 1 MPN/100 mL WSLH
Fecal coliform 31625 10 col/100 mL WSLH
Coliphage 90904 1 plaques/100 mL WSLH
Coliphage, groups I and IV -- 1 count WSLH

Constituent Reporting units Analyzing lab

Coliphage, groups II and III -- 1 count WSLH

Escherichia coli O157:H8 31683 Presence/ presence or absence WSLH
absence per 500 mL

Giardia 61229 30.3, cysts/100 L WSLH
31.3,
32.3,
33.3,
34.5,
35.7,
37,
38.7,
40,
43.8,
51.6,
53.3,
58.8,
66.7,
721,
774,
80

Cryptosporidium 61230 233, oocysts/100 L WSLH
28.6,
30.3,
31.3,
32.3,
33.3,
37,
46.7,
51.6,
53.3,
58.8,
64.5,
66.7,
77.4

Salmonella 31681 0.1, MPN/100 mL WSLH
0.2
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Appendix 3. Water-quality properties and constituents, reporting levels, and analyzing laboratories—Continued.

Table 3-9. Pesticides and degradates (Schedule 2003)
Analyzing laboratory: USGS—National Water Quality Laboratory, Denver, Colo. (NWQL)

[ug/L, microgram per liter]

Constituent Parameter Reporting  Reporting Analyzing

code level units lab
Acetochlor, water, filtered, recoverable 49260 0.006 ug/L NWQL
Alachlor, water, filtered, recoverable 46342 .005 ug/L NWQL
Atrazine, water, filtered, recoverable 39632 .007 ug/L NWQL
Azinphos-methyl oxygen analog, water, filtered, recoverable 61635 .042 ug/L NWQL
Azinphos-methyl, water, filtered (0.7 micron glass fiber filter), recoverable 82686 .08 ug/L NWQL
Benfluralin, water, filtered (0.7 micron glass fiber filter), recoverable 82673 .01 ug/L NWQL
Bromacil, water, filtered, recoverable 04029 5 ug/L NWQL
Carbaryl, water, filtered (0.7 micron glass fiber filter), recoverable 82680 .06 ug/L NWQL
2-Chloro-2’,6’-diethylacetanilide, water, filtered, recoverable 61618 .0065 ug/L NWQL
2-Chloro-4-isopropylamino-6-amino-s-triazine, water, filtered, recoverable 04040 .014 ug/L NWQL
4-Chloro-2-methylphenol, water, filtered, recoverable 61633 .005 ug/L NWQL
Chlorpyrifos oxygen analog, water, filtered, recoverable 61636 .0562 ug/L NWQL
Chlorpyrifos, water, filtered, recoverable 38933 .005 ug/L NWQL
cis-Permethrin, water, filtered (0.7 micron glass fiber filter), recoverable 82687 .01 ug/L NWQL
Cyfluthrin, water, filtered, recoverable 61585 .053 ug/L NWQL
Cypermethrin, water, filtered, recoverable 61586 .046 ug/L NWQL
DCPA, water, filtered (0.7 micron glass fiber filter), recoverable 82682 .003 ug/L NWQL
Desulfinyl fipronil, water, filtered, recoverable 62170 012 ug/L NWQL
Diazinon oxygen analog, water, filtered, recoverable 61638 .006 ug/L NWQL
Diazinon, water, filtered, recoverable 39572 .005 ug/L NWQL
3,4-Dichloroaniline, water, filtered, recoverable 61625 .0045 ug/L NWQL
Dicrotophos, water, filtered, recoverable 38454 .0843 ug/L NWQL
Dieldrin, water, filtered, recoverable 39381 .009 ug/L NWQL
2,6-Diethylaniline, water, filtered (0.7-micron glass fiber filter), recoverable 82660 .006 ug/L NWQL
Dimethoate, water, filtered (0.7-micron glass fiber filter), recoverable 82662 .0061 ug/L NWQL
Ethion monoxon, water, filtered, recoverable 61644 021 ug/L NWQL
Ethion, water, filtered, recoverable 82346 .016 ug/L NWQL
2-Ethyl-6-methylaniline, water, filtered, recoverable 61620 .01 ug/L NWQL
Fenamiphos sulfone, water, filtered, recoverable 61645 .053 ug/L NWQL
Fenamiphos sulfoxide, water, filtered, recoverable 61646 .04 ug/L NWQL
Fenamiphos, water, filtered, recoverable 61591 .029 ug/L NWQL
Desulfinylfipronil amide, water, filtered, recoverable 62169 .029 ug/L NWQL
Fipronil sulfide, water, filtered, recoverable 62167 .013 ug/L NWQL
Fipronil sulfone, water, filtered, recoverable 62168 .024 ug/L NWQL
Fipronil, water, filtered, recoverable 62166 016 ug/L NWQL

Fonofos, water, filtered, recoverable 04095 .006 ug/L NWQL
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Appendix 3. Water-quality properties and constituents, reporting levels, and analyzing laboratories—Continued.

Table 3-9. Pesticides and degradates (Schedule 2003)—Continued
Analyzing laboratory: USGS—National Water Quality Laboratory, Denver, Colo. (NWQL)

[ug/L, microgram per liter]

Constituent Parameter Reporting  Reporting Analyzing

code level units lab
Hexazinone, water, filtered, recoverable 04025 0.026 ug/L NWQL
Indole, water, filtered, recoverable 62076 5 ug/L NWQL
Iprodione, water, filtered, recoverable 61593 .026 ug/L NWQL
Isofenphos, water, filtered, recoverable 61594 .011 ug/L NWQL
Malaoxon, water, filtered, recoverable 61652 .039 ug/L NWQL
Malathion, water, filtered, recoverable 39532 .016 ug/L NWQL
Metalaxyl, water, filtered, recoverable 61596 .0069 ug/L NWQL
Methidathion, water, filtered, recoverable 61598 .0087 ug/L NWQL
Methyl paraoxon, water, filtered, recoverable 61664 .019 ug/L NWQL
Methyl parathion, water, filtered (0.7-micron glass fiber filter), recoverable 82667 .008 ug/L NWQL
Metolachlor, water, filtered, recoverable 39415 .01 ug/L NWQL
Metribuzin, water, filtered, recoverable 82630 .012 ug/L NWQL
Myclobutanil, water, filtered, recoverable 61599 .033 ug/L NWQL
1-Naphthol, water, filtered (0.7-micron glass fiber filter), recoverable 49295 .0882 ug/L NWQL
Pendimethalin, water, filtered (0.7-micron glass fiber filter), recoverable 82683 .02 ug/L NWQL
Phorate oxygen analog, water, filtered, recoverable 61666 .027 ug/L NWQL
Phorate, water, filtered (0.7-micron glass fiber filter), recoverable 82664 .02 ug/L NWQL
Phosmet oxygen analog, water, filtered, recoverable 61668 .0511 ug/L NWQL
Phosmet, water, filtered, recoverable 61601 .0079 ug/L NWQL
Prometon, water, filtered, recoverable 04037 .01 ug/L NWQL
Prometryn, water, filtered, recoverable 04036 .0059 ug/L NWQL
Propyzamide, water, filtered (0.7-micron glass fiber filter), recoverable 82676 .004 ug/L NWQL
Simazine, water, filtered, recoverable 04035 .006 ug/L NWQL
Tebuthiuron, water, filtered (0.7-micron glass fiber filter), recoverable 82670 .016 ug/L NWQL
Terbufos oxygen analog sulfone, water, filtered, recoverable 61674 .045 ug/L NWQL
Terbufos, water, filtered (0.7-micron glass fiber filter), recoverable 82675 .012 ug/L NWQL
Terbuthylazine, water, filtered, recoverable 04022 .0083 ug/L NWQL

Dichlorvos, water, filtered, recoverable 38775 .013 ug/L NWQL
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Appendix 3. Water-quality properties and constituents, reporting levels, and analyzing laboratories—Continued.

Table 3-10. Wastewater method compound names, suspected endocrine disruptors, possible compound uses, and method

report limits (Schedule 1433)

Analyzing laboratory: USGS—National Water Quality Laboratory, Denver, Colo. (NWQL)

[ug/L, microgram per liter; %, percent; >, greater than; PAH, polyaromatic hydrocarbon; UV, ultraviolet; bold compound names indicate known or

suspected endocrine disruptors]

Reporting
Parameter .
Compound name level Possible compound uses or sources
code
(ng/L)
Acetophenone 62064 0.5 Fragrance in detergent and tobacco, flavor in beverages, PAH
Acetyl hexamethyl tetrahydro 62065 S5 Musk fragrance, persistent and widespread in ground water,
naphthalene (AHTN) concern for bioaccumulation and toxicity
Anthracene 34221 ) Wood preservative, component of tar, diesel, or crude oil,
combustion product, PAH

9,10-Anthraquinone 62066 5 Manufacturing dye/textiles, seed treatment, bird repellant
Benzo[a]pyrene 34248 ) Regulated PAH, used in cancer research, combustion product
Benzophenone 62067 S5 Fixative for perfumes and soaps
Bisphenol A 62069 1 Manufacturing polycarbonate resins, antioxidant, flame retardant
Bromacil 04029 .5 Herbicide (general use pesticide), >80% noncrop use on grass/brush
3-tert-Butyl-4-hydroxyanisole (BHA) 62059 5 Antioxidant, general preservative
Caffeine 50305 5 Beverages, diuretic, very mobile/biodegradable
Camphor 62070 5 Flavor, odorant, ointments
Carbaryl 82680 1 Insecticide, crop and garden uses, low persistence
Carbazole 62071 5 Insecticide, manufacturing dyes, explosives, and lubricants
Chlorpyrifos 38933 .005, Insecticide, domestic pest and termite control (domestic use

.007, restricted as of 2001)

.008,

.009,

011,

012,

.013,

015,

.016,

022,

.026,

.028,

5
Cholesterol 62072 2 Often a fecal indicator, also a plant sterol
3-beta-Coprostanol 62057 2 Carnivore fecal indicator
Cotinine 62005 1 Primary nicotine metabolite
4-Cumylphenol 62060 1 Nonionic detergent metabolite
Diazinon 39572 .005 Insecticide, > 40% nonagricultural use, ants, flies

012,

.017,

S
1,4-Dichlorobenzene 34572 0.5 Moth repellant, fumigant, deodorant
Dichlorvos 38775 .01, Insecticide, pet collars, flies, also a degradate of naled or trichlofon

1

Diethoxynonylphenol (NPEO2) 62083 5 Nonionic detergent metabolite
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Appendix 3. Water-quality properties and constituents, reporting levels, and analyzing laboratories—Continued.

Table 3-10. Wastewater method compound names, suspected endocrine disruptors, possible compound uses, and method
report limits (Schedule 1433)—Continued
Analyzing laboratory: USGS—National Water Quality Laboratory, Denver, Colo. (NWQL)

[ug/L, microgram per liter; %, percent; >, greater than; PAH, polyaromatic hydrocarbon; UV, ultraviolet; bold compound names indicate known or

suspected endocrine disruptors]

Reporting
Parameter .
Compound name level Possible compound uses or sources
code
(ng/L)
Diethoxyoctylphenol (OPEO2) 61705 1 Nonionic detergent metabolite
Ethoxyoctylphenol (OPEO1, 61706 1 Nonionic detergent metabolite
monoethoxyoctylphenol)
2,6-Dimethylnaphthalene 62055 0.5 Present in diesel/kerosene (trace in gasoline)
Fluoranthene 34377 5 Component of coal tar and asphalt (only traces in gasoline or diesel
fuel), combustion product, PAH
Hexahydrohexamethyl- 62075 5 Musk fragrance, persistent and widespread, in ground water,
cyclopentabenzopyran (HHCB) concern for bioaccumulation and toxixity
Indole 62076 5 Pesticide inert ingredient, fragrance in coffee
Isoborneol 62077 5 Fragrance in perfumery, in disinfectants
Isophorone 34409 5 Solvent for lacquer, plastic, oil, silicon, resin
Isopropylbenzene (cumene) 62078 5 Manufacturing phenol/acetone, fuels and paint thinner
Isoquinoline 62079 5 Flavors and fragrances
d-Limonene 62073 5 Fungicide, antimicrobial, antiviral, fragrance in aerosols
Menthol 62080 5 Cigarettes, cough drops, liniment, mouthwash
Metalaxyl 50359 5 Herbicide, fungicide (general use pesticide), mildew, blight,
pathogens, golf courses/turf
5-Methyl-1H-benzotriazole 62063 2 Antioxidant in antifreeze and deicers
3-Methyl-1H-indole (skatol) 62058 1 Fragrance, stench in feces and coal tar
1-Methylnaphthalene 62054 .5 2-5% of gasoline, diesel fuel, or crude oil
2-Methylnaphthalene 62056 5 2-5% of gasoline, diesel fuel, or crude oil, PAH
Methyl salicylate 62081 5 Liniment, food, beverage, UV-absorbing lotion
Metolachlor 39415 5 Herbicide (general use pesticide), indicator of agricultural drainage
N,N-diethyl-meta-toluamide (DEET) 62082 5 Insecticide, urban uses, mosquito repellent
Naphthalene 34443 5 Fumigant, moth repellent, major component (about 10%) of
gasoline, PAH
4-Nonylphenol, total 62085 5 Nonionic detergent metabolite
(para-Nonylphenol, NP)
4-Octylphenol (4-normal-Octylphenol) 62061 1 Nonionic detergent metabolite
4-tert-Octylphenol 62062 1 Nonionic detergent metabolite
p-Cresol (para-Cresol) 62084 1 Wood preservative
Pentachlorophenol 34459 2 Herbicide, fungicide, wood preservative, termite control
Phenanthrene 34462 5 Manufacturing explosives, component of tar, diesel fuel, or crude
oil, combustion product, PAH
Phenol 34466 .5 Disinfectant, manufufacturing several products, leachate
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Appendix 3. Water-quality properties and constituents, reporting levels, and analyzing laboratories—Continued.

Table 3-10. Wastewater method compound names, suspected endocrine disruptors, possible compound uses, and method
report limits (Schedule 1433)—Continued
Analyzing laboratory: USGS—National Water Quality Laboratory, Denver, Colo. (NWQL)

[ug/L, microgram per liter; %, percent; >, greater than; PAH, polyaromatic hydrocarbon; UV, ultraviolet; bold compound names indicate known or

suspected endocrine disruptors]

Reporting
Parameter .
Compound name level Possible compound uses or sources
code
(ng/L)
Prometon 04037 5 Herbicide (noncrop only), applied prior to blacktop
Pyrene 34470 5 Component of coal tar and asphalt (only traces in gasoline or
diesel fuel), combustion product, PAH

beta-Sitosterol 62068 2, Plant sterol

20
beta-Stigmastanol 62086 2, Plant sterol

20
Tetrachloroethylene (TCE) 34476 0.5 Solvent, degreaser, veterinary anthelmintic
Tribromomethane (bromoform) 34288 5 Wastewater ozination byproduct, military/explosives
Tributyl phosphate 62089 5 Antifoaming agent, flame retardant
Triclosan 62090 1 Disinfectant, antimicrobial (concern for acquired microbial

resistance)
Triethyl citrate (ethyl citrate) 62091 5 Cosmetics, pharmaceuticals
Triphenyl phosphate 62092 5 Plasticizer, resin, wax, finish, roofing paper, flame retardant
Tris(2-butoxyethyl) phosphate 62093 5 Flame retardant
Tris(2-chloroethyl) phosphate 62087 .5 Plasticizer, flame retardant
(Fyrol CEF)

Tris(dichloroisopropyl) phosphate 62088 5 Flame retardant

(Fyrol FR 2)
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Appendix 3. Water-quality properties and constituents, reporting levels, and analyzing laboratories—Continued.

Table 3-11. Analyses performed on semipermeable membrane device (SPMD) extracts
Analyzing laboratories: U.S. Army Corps of Engineers, Vicksburg, Miss.; USGS—Columbia Environmental Research
Center, Columbia, Mo. (CERC); USGS—National Water Quality Laboratory, Denver, Colo. (NWQL)

[--, not available; pg TEQ/mL SPMD, picograms of 2,3,7,8-tetrachlorodibenzo-p-dioxin per milliliter of SPMD extract; ug PAH/mL SPMD, micro-
grams of polycyclic aromatic hydrocarbons per milliliter of SPMD extract; mg eq SPMD/mL DSMO, milligram equivalent SPDM extract per milliliter
dimethyl sulfoxide; ng/SPMD, nanograms per total SPMD; units for Microtox EC50 are for the 50-percent effective concentration]

Parameter Reporting

Constituent Reporting units Analyzing lab

code level
Cytochrome P450RGS -- -- pg TEQ/mL SPMD U.S. Army Corps of Engineers
Fluoroscan -- -- ug PAH/mL SPMD CERC
Microtox EC50 -- - mg eq SPMD/mL DSMO CERC
Anthracene -- 100 ng/SPMD NWQL
Fluoranthene -- 50 ng/SPMD NWQL
Fluorene - 1 ng/SPMD NWQL
Naphthalene -- 25 ng/SPMD NWQL
1-Methylnaphthalene -- 25 ng/SPMD NWQL
2-Methylnaphthalene -- 38.4 ng/SPMD NWQL
2,6-Dimethylnaphthalene -- 25 ng/SPMD NWQL
Phenanthrene -- 50 ng/SPMD NWQL
Pyrene -- 50 ng/SPMD NWQL
Methyl pyrene -- 1 ng/SPMD NWQL

Benzola]pyrene -- 50 ng/SPMD NWQL
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Appendix 3. Water-quality properties and constituents, reporting levels, and analyzing laboratories—Continued.

Table 3-12. Analyses performed on bed sediment
Analyzing laboratory: Wisconsin State Lab of Hygiene, Madison, Wis. (WSLH); University of Wisconsin Extension
Soil and Plant Analysis Laborator, Madison, Wis. (UWE-SPAL)

[mg/kg, milligram per kilogram; pg/g, microgram per gram; --, not available]

Parameter Reporting

Constituent code level Reporting units Analyzing lab
Sand - -- -- UWE-SPAL
Silt - -- -- UWE-SPAL
Clay - -- -- UWE-SPAL
Arsenic in sediment - 1 mg/kg WSLH
Cadmium in sediment - 1 mg/kg WSLH
Chromium in sediment - 5 mg/kg WSLH
Copper in sediment - 5 mg/kg WSLH
Lead in sediment - 1 mg/kg WSLH
Mercury in sediment - .015 mg/kg WSLH
Nickel in sediment - 5 mg/kg WSLH
Total phosphorus in sediment - 9.9 mg/kg WSLH
Zinc in sediment - 5 mg/kg WSLH
Total PCBs in sediment - .024 ug/g WSLH

Total organic carbon in sediment - 2,270 ug/g WSLH
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Appendix 3. Water-quality properties and constituents, reporting levels, and analyzing laboratories—Continued.

Table 3-13. Analyses performed on fish tissues
Analyzing laboratory: Wisconsin State Lab of Hygiene, Madison, Wis. (WSLH)

[%, percent; ug/g, microgram per gram; ww, wet weight; --, not available]

Parameter Reporting

Constituent Reporting units Analyzing lab

code level

Water present, biota, tissue, recoverable 49273 - % of water present WSLH
Chromium, biota, tissue, recoverable 63797 0.2 ug/g ww WSLH
Copper, biota, tissue, recoverable 63799 .06 ug/g ww WSLH
Lead, biota, tissue, recoverable 63800 8 ug/g ww WSLH
Mercury, biota, tissue, recoverable 63792 .004 ug/g ww WSLH
Lipids, biota, whole organism, recoverable 49289 - % ww WSLH
p.p’-DDE, biota, whole organism, recoverable 49372 .01 ug/g ww WSLH
p,p’-DDT, biota, whole organism, recoverable 49376 .01 ug/g ww WSLH
p.p’-DDD, biota, whole organism, recoverable 49375 .01 ug/g ww WSLH
PCBs, biota, whole organism, recoverable 49354 .04 ug/g ww WSLH

Araclor-1261 -- .04 ug/g ww WSLH

Araclor-1248/1254/1261 -- .04 ug/g ww WSLH
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Appendix 3. Water-quality properties and constituents, reporting levels, and analyzing laboratories—Continued.

Table 3-14. Bioassessment
Analyzing laboratories: University of Wisconsin—Stevens Point Aquatic Entomology Laboratory, Stevens Point,
Wis. (UW-SP); USGS—National Water Quality Laboratory, Denver, Colo. (NWQL); Academy of Natural Sciences,
Philadelphia, Pa.

[cm?, square centimeter; --, not available]

Parameter Reporting

Constituent Reporting units Analyzing lab

code level
Fish - - number of individuals/taxon None (field)
Macroinvertebrates -- -- number of individuals/taxon UW-SP (samples from Little Menomonee
River at Milwaukee and Honey Creek at
Wauwatosa analyzed by NWQL)
Algae -- -- number of cells/taxon/cm?  Academy of Natural Sciences

Habitat - - various None (field)
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Appendix 5. Comparison of median constituent concentrations and detections between Phase | and Phase Il of
the MMSD Corridor Study

[mg/L, milligram per liter; mg/m?, milligram per cubic meter; CFU/100ml, colony-forming unit per 100 milliliters; ug/g, microgram per gram;

mg/kg, milligram per kilogram; PCB, polychlorinated biphenyl; EPT, Ephemeroptera, Plecoptera, and Trichoptera; HBI, Hilsenhoff Biotic Index;
ug/L, microgram per liter; --, no data; RL, concentrations were below reporting level; *, fewer than 50 individual fish were collected, so the Wisconsin
warmwater Index of Biotic Integrity should not be used (Lyons, 1992)]

Phase | Phase Il
Subwatersheds Site name n:r:::er abbrzilti‘:\ tion

Fox River Watershed

Muskego Lake Jewel Creek at Muskego 05544371 ICM
Kinnickinnic River Watershed

Kinnickinnic River Kinnickinnic River at S. 11th Street at Milwaukee 04087159 KRM
Menomonee River Watershed

Honey Creek Honey Creek at Wauwatosa 04087119 HCW

Little Menomonee River Little Menomonee River at Milwaukee 04087070 LMM

Lower Menomonee River Menomonee River at Wauwatosa 04087120 MRW

Upper Menomonee River Menomonee River at Menomonee Falls 04087030 MRMF

Underwood Creek Underwood Creek at Wauwatosa 04087088 ucw

Willow Creek Willow Creek at Maple Road near Germantown 040870195 WCG
Milwaukee River Watershed

Lincoln Creek Lincoln Creek at 47th Street at Milwaukee 040869415 LCM

Lower Milwaukee River! Milwaukee River near Cedarburg' 04086600 MRC!

Milwaukee River at Milwaukee! 04087000 MRM!
Milwaukee River at Mouth at Milwaukee' 04087170 MRJ!

Oak Creek Watershed

Lower Oak Creek Oak Creek at South Milwaukee 04087204 OCSM
Root River Watershed

Middle Root River Root River near Franklin 04087220 RRF

Upper Root River Root River at Grange Avenue at Greenfield 04087214 RRG

!'"Three of the Phase II sites sampled were in the Lower Milwaukee River Subwatershed. Comparisons could be drawn individually between each site
and the Phase I subwatershed; however, for the discussion in the text, these three sites were not considered adequately representative of that subwatershed
due to their location and the size and complexity of the subwatershed. Comparisons of these sites to the subwatershed were omitted when discussing
overall trends between Phase I and Phase II data in the text; however, contamination of this subwatershed with synthetic organic contaminants (especially
PCBs) was well documented and was discussed in general terms using the data from the Milwaukee River at Milwaukee site.

?Values given as median concentrations.

3Phase I concentrations were originally published in micrograms per gram, which is equivalent to milligrams per kilogram.

*Values given as total number of fish species.

*Phase I values given as median IBI scores for 1990-2002. Phase II IBI scores were determined from a single community survey.

®Phase I values given as median percentages of EPT taxa. Phase II percentages of EPT taxa were determined from a single community survey.

"Phase I values given as median HBI values. Phase I HBI-10 values were determined from a single community survey.



Appendix 5 161
Chloride Total nitrogen Nitrate Total phosphorus
Phase 1> Phasell?> Percent Phasel? Phasell> Percent Phasel? Phasell> Percent Phasel? Phasell? Percent
(mg/L) (mg/L) difference (mg/L) (mg/L) difference (mg/L) (mg/L) difference (mg/L) (mg/L) difference
-- 136 -- 1.27 1.26 -1 0.1 0.835 735 0.075 0.062 -17
54 210 289 1.39 1.14 -18 47 460 -2 .07 148 111
-- 260 -- 33 1.28 288 17 .605 256 .04 15 275
- 104 - 3.32 1.43 -57 .01 .545 5,350 .01 152 1,420
75 175 133 1.58 1.17 -26 52 .560 8 .1 113 13
90 138 53 1.56 1.04 -33 .64 .370 -42 .09 1 11
- 295 - - 1.17 -- RL 410 -- -- .085 --
50 107 114 1.85 1.38 -25 .78 .860 10 .067 .068 1
104 246 137 1.24 .98 21 45 265 -41 1 .163 63
42 75.9 81 1.68 2.14 27 .59 1.40 137 .1 120 20
91.9 119 1.89 13 1.17 98 133 33
54.9 31 1.22 =27 .610 3 .061 -39
135 208 54 1.2 1.24 3 47 .500 6 .06 .079 32
135 144 7 1.19 1.28 8 .14 .545 289 .061 .092 51
190 246 29 1.44 1.34 -7 47 .525 12 1 113 13
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Appendix 5. Comparison of median constituent concentrations and detections between Phase | and Phase Il of
the MMSD Corridor Study—Continued.

[mg/L, milligram per liter; mg/m?, milligram per cubic meter; CFU/100ml, colony-forming unit per 100 milliliters; ug/g, microgram per gram;

mg/kg, milligram per kilogram; PCB, polychlorinated biphenyl; EPT, Ephemeroptera, Plecoptera, and Trichoptera; HBI, Hilsenhoff Biotic Index;
ug/L, microgram per liter; --, no data; RL, concentrations were below reporting level; *, fewer than 50 individual fish were collected, so the Wisconsin
warmwater Index of Biotic Integrity should not be used (Lyons, 1992)]

Phase | Phase Il Chlorophyll a Suspended sediment
Subwatersheds Sit_e _ Phase |2 Phase II2 !’ercent Phase I? Phase II? !’ercent
abbreviation (mg/m?) (mg/m?) difference (mg/L) (mg/L) difference

Fox River Watershed

Muskego Lake JCM -- 10.3 -- 39 28 -28
Kinnickinnic River Watershed

Kinnickinnic River KRM 4.62 5.06 10 356 12 -97
Menomonee River Watershed

Honey Creek HCW -- 6.76 -- 193 10 -95

Little Menomonee River LMM -- 5.96 -- 178 26 -85

Lower Menomonee River MRW 5.99 7.80 30 127 14 -89

Upper Menomonee River MRMF 5.67 8.45 49 40 10 =75

Underwood Creek UCW -- 5.34 -- 234 6.5 -97

Willow Creek WCG -- 2.66 -- -- 18 -
Milwaukee River Watershed

Lincoln Creek LCM 5.07 4.66 -8 25 5.5 -78

Lower Milwaukee River! MRC! 11.7 134 15 28 11 -61

MRM! 10.2 -13 15 -46
MRJ! 5.77 -51 4 -86

Qak Creek Watershed

Lower Oak Creek OCSM 3.74 3.52 -6 58 18 -69
Root River Watershed

Middle Root River RRF 7.17 4.70 -34 62 22 -65

Upper Root River RRG 1.46 1.34 -8 204 14 -93

!'"Three of the Phase II sites sampled were in the Lower Milwaukee River Subwatershed. Comparisons could be drawn individually between each site
and the Phase I subwatershed; however, for the discussion in the text, these three sites were not considered adequately representative of that subwatershed
due to their location and the size and complexity of the subwatershed. Comparisons of these sites to the subwatershed were omitted when discussing
overall trends between Phase I and Phase II data in the text; however, contamination of this subwatershed with synthetic organic contaminants (especially
PCBs) was well documented and was discussed in general terms using the data from the Milwaukee River at Milwaukee site.

2 Values given as median concentrations.

3Phase I concentrations were originally published in micrograms per gram, which is equivalent to milligrams per kilogram.

*Values given as total number of fish species.

*Phase I values given as median IBI scores for 1990-2002. Phase II IBI scores were determined from a single community survey.

®Phase I values given as median percentages of EPT taxa. Phase II percentages of EPT taxa were determined from a single community survey.

"Phase I values given as median HBI values. Phase I HBI-10 values were determined from a single community survey.
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Arsenic Cadmium
Fecal coliform Escherichia coli in sediment? in sediment?®
(mg/kg) (mg/kg)

Phase 12 Phase 12 Percent Phase I? Phase II2 Percent 5 ) ) )
(CFU/A00mL) (CFU/100mL) difference (CFU/100mL) (MPN/100mL) difference ' rase!’ ~ Phasell®  Phasel®  Phasell
RL 165 - - 185 - - 10 0.4 RL
930 610 -34 780 995 28 6.1 8.5 4.4 0.6
16,650 1,900 -89 2,400 2,000 -17 - 5.0 - 7
- 620 - - 820 - 6 12.0 4 9
2,300 575 -75 915 725 -21 RL 3.9 1.1
430 305 -29 300 355 18 4 6.0 2 1.0
20,000 660 -97 - 805 - - 6.0 - RL
- 695 - - 750 - - 7.5 - 9
1,500 575 -62 1,300 840 -35 4 5.0 2 8
460 130 =72 220 43.5 -80 5.1 6.0 3 1.0
170 -63 215 -2 55 7
55 -88 56.5 -74 12 3.5
750 505 -33 - 565 - - 5.0 - RL
230 240 4 - 225 - 2 9.0 1 1.5
750 610 -19 - 770 - - 8.0 - 14




164 Water-Quality Characteristics for Selected Sites within the Milwaukee Metropolitan Sewerage District Planning Area, Wisconsin

Appendix 5. Comparison of median constituent concentrations and detections between Phase | and Phase Il of
the MMSD Corridor Study—Continued.

[mg/L, milligram per liter; mg/m?, milligram per cubic meter; CFU/100ml, colony-forming unit per 100 milliliters; ug/g, microgram per gram;

mg/kg, milligram per kilogram; PCB, polychlorinated biphenyl; EPT, Ephemeroptera, Plecoptera, and Trichoptera; HBI, Hilsenhoff Biotic Index;
ug/L, microgram per liter; --, no data; RL, concentrations were below reporting level; *, fewer than 50 individual fish were collected, so the Wisconsin
warmwater Index of Biotic Integrity should not be used (Lyons, 1992)]

Chromium Copper Lead
Phase | Phase Il in sediment? in sediment? in sediment®
(mg/kg) (mg/kg) (mg/kg)
Subwatersheds abbrzilti:tion Phase |12 Phase 112 Phase I2 Phase II? Phase 12 Phase II?

Fox River Watershed

Muskego Lake ICM -- 15 -- 27 6.5 19
Kinnickinnic River Watershed

Kinnickinnic River KRM 330 23 74.5 82 271 54
Menomonee River Watershed

Honey Creek HCW -- 29 -- 57 4,100 39

Little Menomonee River LMM 70 19 140 38 260 38

Lower Menomonee River MRW 162 8.1 140 9.0 225 44

Upper Menomonee River MRMF 30 15 37 17 45 32

Underwood Creek UCW -- 24 -- 29 -- 120

Willow Creek WCG - 11 -- 20 - 13
Milwaukee River Watershed

Lincoln Creek LCM 20 17 39 36 80 28

Lower Milwaukee River! MRC! 117 9.3 69 13 150 13

MRM! 16 17 43
MRJ! 94 73 89

Oak Creek Watershed

Lower Oak Creek OCSM -- 12 -- 15 -- 12
Root River Watershed

Middle Root River RRF 8 12 - 15 30 10

Upper Root River RRG -- 13 -- 24 -- 25

'"Three of the Phase II sites sampled were in the Lower Milwaukee River Subwatershed. Comparisons could be drawn individually between each site
and the Phase I subwatershed; however, for the discussion in the text, these three sites were not considered adequately representative of that subwatershed
due to their location and the size and complexity of the subwatershed. Comparisons of these sites to the subwatershed were omitted when discussing
overall trends between Phase I and Phase II data in the text; however, contamination of this subwatershed with synthetic organic contaminants (especially
PCBs) was well documented and was discussed in general terms using the data from the Milwaukee River at Milwaukee site.

>Values given as median concentrations.

3Phase I concentrations were originally published in micrograms per gram, which is equivalent to milligrams per kilogram.

*Values given as total number of fish species.

Phase I values given as median IBI scores for 1990-2002. Phase II IBI scores were determined from a single community survey.

®Phase I values given as median percentages of EPT taxa. Phase II percentages of EPT taxa were determined from a single community survey.

"Phase I values given as median HBI values. Phase II HBI-10 values were determined from a single community survey.
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Mercury Nickel Zinc
in sediment® in sediment® in sediment® Phase | PCBs in sediment Phase Il
(mg/kg) (mg/kg) (mg/kg) total PCBs
Total Number Number of Percentof insediment?
Phase 1> Phasell> Phasel? Phasell? Phasel? Phasell? number of results results at results at (ma/kg)
of results below RL orabove RL or above RL
-- 0.06 - 18 -- 95 -- -- - -- 0.02
0.2 52 30 18 540 430 1,705 77 1,628 95 -
- .04 - 10 -- 180 - - - - .04
2 .07 40 16 540 190 1 1 0 0 .06
46 .03 29 6.0 503 39 179 104 75 42 12
12 .04 20 10 140 78 6 4 2 33 .02
- .03 - 10 - 150 - - - - .04
-- .06 - 11 -- 76 -- - -- - .03
.07 .06 30 10 160 150 12 6 6 50 .03
27 .08 23 7.0 318 53 2,968 204 2,764 93 28
.04 9.0 92 1.0
.29 20 260 1.1
- 02 - 6.0 - 42 - - - - 03
02 05 - 14 52 54 - - ~ - RL
- 04 - 9.0 - 87 - - - - .05
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Appendix 5. Comparison of median constituent concentrations and detections between Phase | and Phase Il of
the MMSD Corridor Study—Continued.

[mg/L, milligram per liter; mg/m?, milligram per cubic meter; CFU/100ml, colony-forming unit per 100 milliliters; ug/g, microgram per gram;

mg/kg, milligram per kilogram; PCB, polychlorinated biphenyl; EPT, Ephemeroptera, Plecoptera, and Trichoptera; HBI, Hilsenhoff Biotic Index;
ug/L, microgram per liter; --, no data; RL, concentrations were below reporting level; *, fewer than 50 individual fish were collected, so the Wisconsin
warmwater Index of Biotic Integrity should not be used (Lyons, 1992)]

Phase | Phase Il Phase | pesticides in tissues
Phase Il pesticides
Subwatersheds abbriilti:l tion To‘::lr::l:ltl;er o';hrlgl):lrs ofl\rl:::lllltirat of[::;?:::at detectedin tssues
below RL orabove RL or ahove RL

Fox River Watershed

Muskego Lake JICM -- -- -- -- --
Kinnickinnic River Watershed

Kinnickinnic River KRM 111 111 0 0 --
Menomonee River Watershed

Honey Creek HCW 8 8 0 0 ==

Little Menomonee River LMM 7 7 0 0 --

Lower Menomonee River MRW 32 32 0 0 p-p’-DDE and p-p’-DDD

Upper Menomonee River MRMF -- -- -- -- --

Underwood Creek ucw -- -- -- -- --

Willow Creek WCG -- -- -- -- --
Milwaukee River Watershed

Lincoln Creek LCM 63 63 0 0 --

Lower Milwaukee River! MRC! 296 292 4 1 -

MRM! p-p’-DDE
MRIJ! -

Oak Creek Watershed

Lower Oak Creek OCSM 28 28 0 0 --
Root River Watershed

Middle Root River RRF 6 6 0 0 no pesticides detected

Upper Root River RRG -- -- -- -- --

!Three of the Phase II sites sampled were in the Lower Milwaukee River Subwatershed. Comparisons could be drawn individually between each site
and the Phase I subwatershed; however, for the discussion in the text, these three sites were not considered adequately representative of that subwatershed
due to their location and the size and complexity of the subwatershed. Comparisons of these sites to the subwatershed were omitted when discussing
overall trends between Phase I and Phase II data in the text; however, contamination of this subwatershed with synthetic organic contaminants (especially
PCBs) was well documented and was discussed in general terms using the data from the Milwaukee River at Milwaukee site.

2Values given as median concentrations.

3Phase I concentrations were originally published in micrograms per gram, which is equivalent to milligrams per kilogram.

*Values given as total number of fish species.

*Phase I values given as median IBI scores for 1990-2002. Phase II IBI scores were determined from a single community survey.

®Phase I values given as median percentages of EPT taxa. Phase II percentages of EPT taxa were determined from a single community survey.

"Phase I values given as median HBI values. Phase I HBI-10 values were determined from a single community survey.
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Fish species abundance
Phase Il Phase I* Phase II*

Phase | PCBs in tissues

Number of Numberof Percent of PCB detected
Total number in tissues

of results results results ator results at 1970-1979  1980-1989  1990-2002 2004
below RL above RL  or above RL

-- -- -- -- -- 37 -- -- 15
1 1 0 0 -- 12 6 13 1
-- -- -- -- -- 5 14 13 6

7 7 - 8 12 —-
5 5 0 Aroclor 1260 13 18 26 3
2 2 - 19 26 = 13

- - - - - 4 12 11
-- -- -- - - 12 12 —- 6
4 0 4 100 -- 13 23 8 8
15 1 14 93 - 40 49 54 22
Aroclor 1248/ 18
1254/1260

1 1 0 0 -- 7 9 10 7
1 1 0 0 no PCBs detected 24 13 5 12

- - - - - 6 - - 9
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Appendix 5. Comparison of median constituent concentrations and detections between Phase | and Phase Il of
the MMSD Corridor Study—Continued.

[mg/L, milligram per liter; mg/m?, milligram per cubic meter; CFU/100ml, colony-forming unit per 100 milliliters; ug/g, microgram per gram;

mg/kg, milligram per kilogram; PCB, polychlorinated biphenyl; EPT, Ephemeroptera, Plecoptera, and Trichoptera; HBI, Hilsenhoff Biotic Index;
ug/L, microgram per liter; --, no data; RL, concentrations were below reporting level; *, fewer than 50 individual fish were collected, so the Wisconsin
warmwater Index of Biotic Integrity should not be used (Lyons, 1992)]

Phase | Phase Il l:'isl_l Index qf Macroinvertebrate EPT Macroinvertebrate
Biotic Integrity (percent of EPT taxa) HBI
7
Subwatersheds abbriilti‘:nion Phase I° Phase II° Phase I® Phase II® (le;lla::olr;) Tlﬁ;lzltll
score)
Fox River Watershed
Muskego Lake JCM - 22 26 29 5.8 5.58
Kinnickinnic River Watershed
Kinnickinnic River KRM 20 & 0 7 6.11 6.52
Menomonee River Watershed
Honey Creek HCW 20 7 17 17 6.15 5.28
Little Menomonee River LMM -- & 0 23 8 5.33
Lower Menomonee River MRW 15 12 8 31 6.21 5.86
Upper Menomonee River MRMF - 30 28 44 5.68 5.56
Underwood Creek ucw 15 10 2 18 6.1 5.96
Willow Creek WCG - 25 12 17 4.87 5.45
Milwaukee River Watershed
Lincoln Creek LCM 10 & 0 18 6.2 6.3
Lower Milwaukee River! MRC! 62 70 19 51 5.72 5.01
MRM! 60 39 5.2
MRJ! - -- -
Oak Creek Watershed
Lower Oak Creek OCSM 17 10 24 22 6.64 5.55
Root River Watershed
Middle Root River RRF -- 14 50 28 6.29 5.92
Upper Root River RRG -- 12 3 18 7.13 6.15

'"Three of the Phase II sites sampled were in the Lower Milwaukee River Subwatershed. Comparisons could be drawn individually between each site
and the Phase I subwatershed; however, for the discussion in the text, these three sites were not considered adequately representative of that subwatershed
due to their location and the size and complexity of the subwatershed. Comparisons of these sites to the subwatershed were omitted when discussing
overall trends between Phase I and Phase II data in the text; however, contamination of this subwatershed with synthetic organic contaminants (especially
PCBs) was well documented and was discussed in general terms using the data from the Milwaukee River at Milwaukee site.

2Values given as median concentrations.

*Phase I concentrations were originally published in micrograms per gram, which is equivalent to milligrams per kilogram.

*Values given as total number of fish species.

*Phase I values given as median IBI scores for 1990-2002. Phase II IBI scores were determined from a single community survey.

®Phase I values given as median percentages of EPT taxa. Phase II percentages of EPT taxa were determined from a single community survey.

"Phase I values given as median HBI values. Phase Il HBI-10 values were determined from a single community survey.
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Appendix 6. Hydrologic conditions during Phase Il of the Milwaukee Metropolitan Sewerage District (MMSD)

Corridor Study.

Appendix 6A. Water-discharge hydrographs for water years 2004—2005 at the 12 Phase Il stream sites with gages in the
Milwaukee Metropolitan Sewerage District (MMSD) planning area. Period of record annual mean does not include data from the 2004

and 2005 water years.

Milwaukee River near Cedarburg, water year 2004
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Figure 6-1. Milwaukee River near Cedarburg.
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Appendix 6A. Water-discharge hydrographs for water years 2004—2005 at the 12 Phase Il stream sites with gages in the
Milwaukee Metropolitan Sewerage District (MMSD) planning area—Continued.

Lincoln Creek at Sherman Boulevard at Milwaukee, water year 2004 —— Water year 2004 annual mean
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Lincoln Creek at Sherman Boulevard at Milwaukee, water year 2005° —— Water year 2005 annual mean
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"Data for water year 2005 at this site are provisional. These data have not undergone data-quality checks to correct for ice-affected records. These records
have been removed from the discharge hydrograph.

Figure 6-2. Lincoln Creek at 47th Street at Milwaukee. A period of record annual mean is not provided for this site because it
has less than 20 years of hydrologic data.
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Appendix 6A. Water-discharge hydrographs for water years 2004—2005 at the 12 Phase Il stream sites with gages in the
Milwaukee Metropolitan Sewerage District (MMSD) planning area—Continued. Period of record annual mean does not include data
from the 2004 and 2005 water years.
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Figure 6-3. Milwaukee River at Milwaukee.
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Appendix 6A. Water-discharge hydrographs for water years 2004—2005 at the 12 Phase Il stream sites with gages in the
Milwaukee Metropolitan Sewerage District (MMSD) planning area—Continued. Period of record annual mean does not include data
from the 2004 and 2005 water years.

— — Water year 2004 annual mean
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Figure 6-4. Menomonee River at Menomonee Falls.
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Appendix 6A. Water-discharge hydrographs for water years 2004—2005 at the 12 Phase Il stream sites with gages in the
Milwaukee Metropolitan Sewerage District (MMSD) planning area—Continued.

Little Menomonee River at Milwaukee, water year 2004 | ~ Water year 2004 annual mean
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Figure 6-5. Little Menomonee River at Milwaukee. Prior to the addition of a gage at this site in April of 2004, current-meter
discharge measurements were made during water-quality sampling. A period of record annual mean is not provided for this site
because it has less than 20 years of hydrologic data.
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Appendix 6A. Water-discharge hydrographs for water years 2004—2005 at the 12 Phase Il stream sites with gages in the
Milwaukee Metropolitan Sewerage District (MMSD) planning area—Continued. Period of record annual mean does not include data
from the 2004 and 2005 water years.
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Figure 6-6. Underwood Creek at Wauwatosa.
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Appendix 6A. Water-discharge hydrographs for water years 2004—2005 at the 12 Phase Il stream sites with gages in the
Milwaukee Metropolitan Sewerage District (MMSD) planning area—Continued.

Honey Creek at Wauwatosa, water year 2004 —— Wateryear 2004 annual mean
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Figure 6-7. Honey Creek at Wauwatosa. Prior to the addition of a gage at this site in April of 2004, current-meter discharge
measurements were made during water-quality sampling. A period of record annual mean is not provided for this site because it
has less than 20 years of hydrologic data.
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Appendix 6A. Water-discharge hydrographs for water years 2004—2005 at the 12 Phase Il stream sites with gages in the
Milwaukee Metropolitan Sewerage District (MMSD) planning area—Continued. Period of record annual mean does not include data

from the 2004 and 2005 water years.
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Figure 6-8. Menomonee River at Wauwatosa.
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Appendix 6A. Water-discharge hydrographs for water years 2004—2005 at the 12 Phase Il stream sites with gages in the
Milwaukee Metropolitan Sewerage District (MMSD) planning area—Continued. Period of record annual mean does not include data

from the 2004 and 2005 water years.
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Figure 6-9. Kinnickinnic River at S. 11th Street at Milwaukee.
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Appendix 6A. Water-discharge hydrographs for water years 2004—2005 at the 12 Phase Il stream sites with gages in the
Milwaukee Metropolitan Sewerage District (MMSD) planning area—Continued. Period of record annual mean does not include data
from the 2004 and 2005 water years.
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Figure 6-10. Oak Creek at South Milwaukee.
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Appendix 6A. Water-discharge hydrographs for water years 2004—2005 at the 12 Phase Il stream sites with gages in the

Milwaukee Metropolitan Sewerage District (MMSD) planning area—Continued.
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Figure 6-11.

Root River at Grange Avenue at Greenfield, water year 2004
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Root River at Grange Avenue at Greenfield. Prior to the addition of a gage at this site in April of 2004, current-meter

discharge measurements were made during water-quality sampling. A period of record annual mean is not provided for this site

because it has less than 20 years of hydrologic data.
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Appendix 6A. Water-discharge hydrographs for water years 2004—2005 at the 12 Phase Il stream sites with gages in the
Milwaukee Metropolitan Sewerage District (MMSD) planning area—Continued. Period of record annual mean does not include data
from the 2004 and 2005 water years.
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Figure 6-12. Root River near Franklin.
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Appendix 6B. Monthly runoff spanning more than 20 years for the eight Phase Il stream sites with records in the Milwaukee
Metropolitan Sewerage District (MMSD) planning area, Wis. Long-term means for runoff do not include data from the 2004 and 2005
water years.

Il Long-term mean runoff, 1982—2003

Milwaukee River near Cedarburg £Z4 Runoff, water year 2004
5 [ Runoff, water year 2005 -
& 4 7
5 B 7
Z 3L
=
£ o2 b
o
=
0 w:u_ﬁ:u_.zs_x_.ﬂzg
0
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.
I Long-term mean runoff, 1914-2003
Milwaukee River at Milwaukee FZ2 Runoff, water year 2004
5 [ Runoff, water year 2005 =
S ) 7
=
= 3 L
=
e o2 b
o
=
ol ﬂ ﬂ i
o
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Figure 6-13. Monthly runoff, in inches, for water years 2004 and 2005 and for the period of record.
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Appendix 6B. Monthly runoff spanning more than 20 years for the eight Phase Il stream sites with records in the Milwaukee
Metropolitan Sewerage District (MMSD) planning area, Wis.—Continued. Long-term means for runoff do not include data from the
2004 and 2005 water years.
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Figure 6-13. Monthly runoff, in inches, for water years 2004 and 2005 and for the period of record—Continued.
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Appendix 6B. Monthly runoff spanning more than 20 years for the eight Phase Il stream sites with records in the Milwaukee
Metropolitan Sewerage District (MMSD) planning area, Wis.—Continued. Long-term means for runoff do not include data from the

2004 and 2005 water years.
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Figure 6-13. Monthly runoff, in inches, for water years 2004 and 2005 and for the period of record—Continued.
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