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EXECUTIVE SUMMARY
Background and Significance

The overall goal of this project was to determine sources of high fecal indicator bacteria in
stormwater discharges within the Milwaukee Metropolitan Sewerage District (MMSD) service
area. This research addresses a high priority area for the MMSD, whosmnes® protect
public health and the environment and improve water quality. Prior analysis during the
MMS D @820 Facilities Planningeffort, which also included work by the Southeastern
Wisconsin Regioal Planning Commission (SEWRPC) to update Regonal Water Quality
Management Plan (RWQMPand the McLellan Bacterial Genetics Laboratory (functioning as
part of the University of Milwaukeeb6s Great
inputs as a major source of water quality impairmertha rivers of the GreateMilwaukee
WatershedsHigure ES-1) and subsequently Lake Michigan. High levels of fecal coliforms and
Escherichia coli(E. coli) have been routinely detected in the absence of reported sanitary or
combined sewage overflows; \Wwever the source of this bacterial contamination is currently
unknown or unrecognized.

LegeNnn

The water quality goals for thg
region include reducing theg
number of days surface waters
exceed t he St at
water quality standard for fecal
coliforms According to
S E WR P C 6 sRediofab @/ater
Quality Management Plan
Milwaukee Area rivers often
exceed recreational standards. |n
1998 to 2001, fecal coliform leveld
in both the Menomonee and
Kinnickinnic Rivers often
exceeded the water quality
standardof 1,000 colony forming
units (CFUs) per 100 ml of samplg
(water), which is a special
variance standard for limited
recreational use. For example, the
Menomonee River station located
between 28 Street and North 7d
Street exceeded this standard |n
38% of samples and the
Kinnickinnic River station located
between South™Street and South
27" Street exceeded the standard ~
in 49% of samples(SEWRPC,

2008) Sites along the Milwaukesg - : ‘
River that are Figure ES-1. Greater Milwaukee Watersheds

\L%4
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designatedas limited recreational use were usually in compliance (~75% mwiplsa in
compliance). However, Milwaukee River sites that are designated full recreational use are
expected to meet a more stringent standard of 200 CFUs/100 ml; these sites often exceeded the
limit (SEWRPC, 2008)

In order to meet water quality goals for swimmable, fishatmters, it is critical to determine

what the major sources of pollution are so that remediation strategies can be formulated and
implemented. While upstream rural sources account for a portion of the fecal indicator bacteria,
a larger portion is derivefrom stormwater runoff in the urbanized areas (SEWRPC, 2008). It
should be noted that water quality standards and monitoring are based upon an indicator bacteria
that is only a general proxy for the presence of fecal pollution and diseaseg orgasims

(e.g. pathogens). Fecal pollution from different sources will carry different pathogens; however
fecal pollution from sanitary sewage generally constitutes a more serious public health risk
because multiple human pathogens including bacteria, virasdsprotozoan can be present in

high concentrations. Additionally, agricultural/rural waste may also pose a public health risk due
to pathogens such &s coli O157:H7,Giardia, or Cryptosporidium parvum The numbers and

types of pathogens associatedhwstormwater (noipoint) runoff (pet and wildlife waste) are not

well known. Domestic pets and wildlife may carry some organisms that are pathogenic to
humans such aSalmonellaor Campylobacterbut overall, pathogen occurrence is expected to

be much lesghan what is found in sanitary sewage. This means that even small inputs of
sanitary sewage that results in only a modest increase in fecal indicator bacteria may be more
significant in terms of health risk than large fecal indicator inputs from suriacéf that is free

of sanitary sewage contamination.

Results and Discussion

The McLellan Bacterial Genetics Laboratory has developed DNA based methodology for
detecting human sources of fecal pollution. This approach is based upon detecting a certain
bacteria type that is specifically found in humans, a speciddacdferoids, which was first
described by Field and emorkers(Bernhard & Field, 2000)This bacterium is found and is
present in almost all humans, but not other animals. The McLellan Laboratory and others have
found that the humaBacteroideggenetic marker (e.g. the specific 16S rRNA gene sequence that
identifies this organism) is a sensitive and specific indicator of sanitary sewage contamination
(Stewart et al, 2003, Bower et al, 2005, Santoro & Boehm, 2007etection is based upon
amplification of the 16SRNA gene using polymerase chain reaction (PCR). If the human
Bacteroideds present in a water sample, the genetic marker for this organism can be amplified
and thereby be measured as to its relative strength.

The McLellan Bacterial Genetics Laborataapalyzed more than 1,000 stormwater samples
(including inline stormwater and grab samples) from 62 municipal stormwater discharge
locations over a thregear period for the presence of the hunBacteroidesgenetic marker
(Figure ES-2). Threestormwatemutfalls along Lake Michigan had positive results in more than
70% of the samples teste®tormwater atfalls along the Memmonee River were positive in
73% of the samples teste@igble ES-1).
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Figure ES-2: Percent of samples positive for the humaBacteroidesgenetic marker at MMSD and McLellan
Laboratory stormwater site locations.

Similarly, stormwater outfalls along the Kinnickinnic River and Lincoln Creek were found to
have a persistent signal of hum8acteroides with 60% and 65% of the sampldesting
positive, respectively. The other four receiving watétsney Creek, Underwood Creek, Oak
Creek, and the Milwaukee River, also demonstrated evidence of sanitary sewage contamination
of stormwater. Overall, these results indicate that sanitargige contamination of stormwater is

a serious concern throughout the Greater Milwaukee Watersheds, and locally owned stormwater
collection & conveyance systems in specific areas should be given high priority for further
investigation: those discharging elotly to Lake Michigan, and those within the Menomonee,
Lincoln Creek, and Kinnickinnic watersheds.

One stormwater outfall along Lincoln Creek was tested for the presence of human viruses since
samples from this location demonstrated a persisterdgisifimumarBacteroidesnarker Virus
detection was performed by Dr Mar k Borchardt
WI). High concentrations of three human viruses were found, including adenovirus, enterovirus,

and G1 norovirus. These cardrations are similar to what is found in sewage influent and
confirms the presence of human sewage contamination in this stormwater outfall. This level of
human virus contamination in stormwater constitutes a potential public health risk.
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Table ES-1: Summary ofE. coli, Enterococcus and humdacteroidesgenetic marker data
compiled by receiving waters for stormwater samples collected by MMSD and GLWI during the
20062008 sampling seasons.

E. coli Enterococcus
Number of | % Positive for Geometric
Receiving Samples human Average Mean Average Geometric Mean
Waters 20062008 Bacteroides | (CFUs/100ml) (CFUs/100ml) | (CFUs/100ml) | (CFUs/100ml)
Milwaukee
River 12 33% 6,550 4,040 6,020 4,250
Oak Creek 93 39% 358,000 9,020 153,000 11,000
Underwood
Creek 74 42% 113,000 12,600 158,000 13,500
Honey Creek 203 51% 40,300 5,850 43,400 6,990
Kinnickinnic
River 201 60% 329,000 19,700 175,000 21,600
Lincoln Creek 108 65% 51,100 14,600 60,500 9,770
Menomonee
River 209 73% 382,000 24,300 111,000 21,100
Lake Michigan 95 71% 364,000 36,400 211,000 29,400

*two representative samples from each SWWA13 pollutograph were included in this analysis.

Special sampling at Miller Park, SWMI18 is not included in this analysis.
** Russell Ave outfall is not included becausés a submerged outfall; indicator levels may not
accurately reflect fecal pollution levels.

The findings of this research showed no correlation between the presence of the human specific

Bacteroidesmarker and culturablé. coli and enterococci.

Thigemonstrates that human

sources are only one contributor (of many) to fecal indicator bacteria. However, even a low
amount of human sources may carry pathogens and therefore could pose a significant health risk,

regardless of the contribution of fecal icator bacteria. The relationship between rainfall

amounts and the numbers of human marker positives were evaluated to explore possible
connections betweerfor example, high rainfall amounts and subsequent ground saturation
favoring infiltration'exfiltration of the sanitary systemNo relationship between rainfall and
positive resultsverefound. Certain dates had higher numbersstdrmwateroutfalls positive

across the five watersheds, suggesting that the dynamics of a storm event may contrilbute to th
process by which sanitary sewage enters the stormwater collection & conveyance systems and

different conditions can vary by community and soil types. Identifying the environmental and
climate variables that are linked with the presence of sanitary sea@gamination in the
stormwater collection & conveyance systems warrants further research.

A major challenge in advancing this research is to ldgva quantitative assay for the human
specific marker. The McLellan Bacterial Genetics Laboratory Haseloped a gPCR
(quantitative PCR) assay for three fecal indicat&sqpli, enterococci, and totdacteroides

spp.) and the humaBacteroideggenetic marker This allowsfor the comparisonofit ot a |

poll utiono i h uhe same mgthedologl {e.g.dby PNArbasedo n

t o

t he

methods). A high ratio of human to total fecal pollution would indicate the major source is
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sanitary sewage. Another major challenge in this work red¢over ancamplify bacterial DNA

from environmental samplabat contain compounds that inhibithe PCR reaction This is a
problem when working with any environmental sample (soil, water, etc.), but stormwater appears
to be particularly problematic in this regadiie to high amounts of other confounding
contaminges in the sampleTo address this issw inhibitor assayas developed in this study

to determine if the PCR reaction is impaired, and to what degree. Thiswaasagilized in
conjunction with the quantitative assay to accurately quantify theahiacteroidesgenetic
marker, and in traditional PCR to determine if there are potentially false negative results, e.g.
PCR completely impaired due to inhibitiof.he quantitative assay requires validation before it
can be employed for investigative studiBswever it was used in this study to give a general
sense of the level of sanitary sewage contamination.

Successes

The human Bacteroidesgeneticmarker has beensed successfully in a number gpin-off
investigationghat originated from early resultd this study Working with MMSD monitoring

crews, an outfall near Miller Park in Milwaukee was found to have positive results for the human
Bacteroidegyenetic marker in nearly 100% of the sampl&s.March of 2007 dye testing was

conducted to investage the potential of illicit connection&ifures ES-3 and ES-4). It was

found that some of the stadiumbés sanitary se
connected to a stormwater line. The problem was immediately remedied and the outfall has
since tested negative for sanitary waste.

Figure ES-3. Dye testing of sanitary Figure ES-4. Fluoresceirdye, which was
sewer lines near Miller Park. Testing fol introduced into sanitary facilities within
the human Bacteroides genetic marker Miller Park, was released through a
was positiven a nearby stormwater stormwater outfall on the Menomonee
outfall. River.

Stormwater outfalls along Honey Creek north-@4l were tested for the presence of the human
Bacteroidesmar k er because of consistently high bac
Quality monitoring goup for this section of Honey Creek. Based upon these résaltsistent

detection of the humaBacteroidesggenetic marker) a separate investigation was conducted by

the City of Milwaukee, in the area near"?Street and Mt Vernon Avenue. Smoke and dye
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testing was conducted and in this case it was found that the sanitary sewer line was directly on

top of the stormwater line, botf which had multiple fractures/cracks. The lines were televised
during dye testing and showed infiltration into the stoataw lines at several points. The

sanitary sewer pipes have since been lined and the area is currently being retested.

Communication and Outreach

One of the McLellan Bacterial Genetic
Laboratoryos pri mary
public and intetate this infomation into the
decisionmaking  process. As citizen
understand the impacts of urban stormwater

pollution inputs such as illicit cross connectiot
or failing sewer lines. The McLellan Bacteriz
Genetics Laboratory staff has made numertc
presentations in the past three years convey oF (vl
research findings and illustrating the impact o. N

urban stormwaterrowater quality. Figure ES-5. Green roof at the GLWI; a

demonstration project to highlight strategies -

The McLellan Bacterial Genetics Laboratorymitigating stormwater runoff.

has also worked with nonprofit groups to

cooperate with citizen monitoring efforts and also continues to maintain a greeriguoe(
ES-5) that was funded through MMSD in 2003 as a model foerst to implement their own

stormwater runoff reduction/retention strategies. The McLellan Bacterial Genetics Laboratory
provides the public with tours of the green roof, which also serves as an outdoor classroom for
GLWI and UWM In addition Dr. McLellm has served on two key committees, SEWRPC
Water Quality Modeling Subcommittee and the Southeastern Wisconsin Watersheds Trust
Science Council (SWWT), and has highlighted research findings from this work during

discussions.

Conclusions andRecommendatiors

t

Overall, this research demonstrates that unknown or unrecognized sanitary sewage inputs into

the local municipal stormwater collection & conveyance system are a major source of fecal

pollution in area waterways and Lake Michigan. This poses a pofgmtiaderious public health

risk due to the likelihood of other pathogen occurrence. The following recommendations are

made from this research:

(1) Investigate sanitary and storm sewers infrastructure integrity by community using traditional
engineeringapproaches (dye testing, smoke testing, etc.) in areas of the stormwater collection &

conveyance system where stormwater has shown evidence of chronic sanitary sewage

discharges. This project has identifigoproximately 41 higlpriority stormwater outfds of the
62 investigated. Stormwater outfalls that tested positive for the hurBacteroidesgenetic

ES6
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marker most frequently shalilbe a high priority for followup investigation by the locally
responsible communities. Additional stormwater outfalls es¢hhigh priority areas should also

be tested (see recommendation #2). A concentrated investigative effort in the stormwater system
may provide valuable insight into the nature of infrastructure failures (sanitary sewers and storm
sewers) in the urban emenment.

(2) Broaden the investigation in areas of concern using quantitative methods to identify the
stormwater outfalls and locations within the stormwater collection & conveyance system that
have significant sanitary sewage contamination. Therespegific areas of concern; Lake
Michigan, Lincoln Creek, Menomonee and Kinnickinnic watersheds. This study has only
investigated a very small fraction of the stormwater systeithin these areas. Stormwater
outfalls should be prioritized using quaniiatresults for the humaBacteroideggenetic marker

by gPCR. A comprehensive investigative effort in the stormwater collection & conveyance
systems that discharge to these receiving waters should be conducted to guide formulation of
watershed managemenaps and improvement/restoration goals.

(3) Perform human virus testing in conjunction with hunBacteroidesgenetic marker
sampling. The McLellan Bacterial Genetics Laboratory found that conducting virus testing on a
small volume of stormwater is feb#; it was found that the same concentration of human
derived viruses found in sewage was also present in one stormwater sample. Quantification of
human viruses will provide the basis for assessment of public health risks associated with
sanitary sewage istharges caused either by illicit connections or failing integrity of the
associated infrastructure.

(4) Identify hydrological, physical, and meteorological parameters that correlate with high levels
of sanitary sewage contamination in stormwater dsttal better understand the conditions that
favor contamination processes. Findings from this research demonstrate that the human
Bacteroidessignal is intermittent; suggesting that exfiltration of sewage from sanitary sewer
systems and subsequent migratiinto stormwater collection & conveyance systems is the
mechanism in which contamination occurs. Mapping infrastructure age using geographical
information systems (GIS) in conjunction with sanitary sewage detection in stormwater
collection & conveyanceystems may provide insight into relationships between sanitary sewer
system age and lack of integrity, which would help prioritize capital improvement investments.

(5) Quantify the overall human contribution to fecal pollution in Lincoln Creek, Menomonee
River and Kinnickinnic River and correlate levels with hydrological and climate parameters.
Determining the contribution of human sources will allow a direct comparison of stormwater
inputs to combined sewer overflows in terms of health risk. The realrionitoring stations
operated by MMSD and USGS and the sampling capabilities at these stations offer an
investigative platform to accomplish this goal. A quantitative estimate of sanitary sewage
contamination in rivers can serve as a benchmark thabearsed to evaluate the effectiveness

of management strategies that are formulated and implemented through stakeholder groups like
Watershed Action Teams (WATS) of the Southeastern Wisconsin Watersheds Trust (SWWT).

(6) Incorporate estimates of human s@® to supplement fecal coliform levels in future
modeling efforts. Considerable effort has been invested in defining fecal coliform loads in
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relation to specific assessment points contained withéen Gineater Milwaukee Watersheds.
Information as to thgercentage of sanitary sewage contamination, in relation to total fecal
pollution, can be incorporated into modeling efforts as a higher tier of information

(7) Assimilate water quality data (ek. coli) and physical parameters (e.g. age of infrastme

and diameter of pipe) from the GLWI, MMSD, and Milwaukee Riverkeepers into a GIS
database. The GIS database would be ab(&)tperform initial analysis; (23erve as a central
repositoy for geographic data; and (Byoduce visually intuitive mafigures that supplement
study findings.

(8) Continue public education and outreach. The McLellan Bacterial Genetics Laboratory works
with the Milwaukee Riverkeepers, the Urban Ecology Center, and other grassroots organizations
to help educate the publknd collaborate on citizen monitoring programs.

These recommendations provide the framework to progress to the next level of achieving better
water quality in the Greater Milwaukee Metropolitan area. Quantification of human sources of
bacteria in stormvater discharges and surface waters will provide a benchmark from which the
improvements due to investments in removing illicit connections and repairing/replacing sanitary

or storm sewer lines (or privately owned laterals) may be measured. Such nepexgemsive,

and the benefits need to be evaluated on an ongoing basis. The research contained herein may
offer new tools for more comprehensive assessments that include fecal pollution source
identification, to enable better preservation, planning, amdagement of our water resources.
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1.0 INTRODUCTION

Pathogens in Urban stormwater

Urban stormwater runoff rfonpoint sources are the largest contribution of fecal coliform
bacteria to the Kinnickinnic, Milwaukee, and Menomonee Rivers (68.7%, 5%833&ii% of
total fecal coliform loads, respectivelf{)EWRPC, 2008) The high volumes of polluted
stormwater entering the rivers cause the majority of river samples to exosecety of State
water quality standards. Prior work by thidwaukee Metropolitan Sewerage $hict (MMSD)
2020 Facilitiesplanning effort recognized bacteria (fecal coliform dadcol) as a priority
pollutant in theGreatefMilwaukeeWatershed¢Figure 1).

Research in the McLellaBacterial Ttcn
GeneticsLaboratory has developed L
DNA  based mdtods  for
identifying sources of feca
pollution. These methods have
been applied to field based studigs
to identify stormwater as a sourge
of high bacteria andhe possible
role that sanitary sewagsd
contamination has in the overall
water quality of Greate
Milwaukee Watersheds its rivers
andultimately Lake Michigan.

Goals and Objectives

e Assess the overall contribution
of urban stormwater tB. coli
levels in receiving waters.

¢ Determine which stormwater
outfalls in theGreater
MilwaukeeWatershedare
discharging elevated levels of
bacterial pollution.

¢ Identify the source of
contamination, e.geither
human or nofhuman in these
areas.

e Determine the proportion o
non-point pollution vs. sewags
contamination (e.g. stormwater
runoff vs. human sewage mamination).

e Coordinate volunteer activities, disseminate research findings, and educate the public.

1



2.0 BACKGROUND

Urban stormwater remains one of the most difficult environmental and fiscal challenges in the
United States and is a major sourc@adfution, includingfecalbacterigpollutiontot he Nat i ono
waterways.Urban areas are particularly vulnerable to degraded water gaatithabitat losdn

many cases, thdwydrology of these regions has been severely alteredéctmmmodate
developmentwhich hasresulted in an increase in the amount of impervious surfaé@asting

storm events, high levels of pollutants are washed off the land, transported and discharged
directly into the waterways. Sewage contamination from failing infrastructureseptic

systems, overflows or illicit connections can also contribute to the bacteria pollutant load.

Surface water is evaluated for fecal pollution by testing for fecal indicator bacteria, such as fecal
coliforms, E. coli, or enterococci. Water qualitystandards are different for various bodies of
water (Table 1) . Standards for recreational water ,
contact, is recommended by the EPA, but each state will adopt its own criteria. Rivers and
streamsare regulatedoy Wisconsin StateéAdministrative Code and are designated bither

limited or full recreational use.

Table 1 Bacteria standards for recreational water inGheateMilwaukeeMetropolitan area.

Body of Water Designated use  Indicator Criteri a Agency
organisms  (CFU/100ml)*
Lake Michigan beache Bathing waters E. coli 235 Clean Water Act
Rivers and Streams Full recreational Fecal coliform 2002 WI Administrative
use Code; NR 102
Rivers and Streams Limited Fecal coliform 1,000 2 WI Administrative
recreational use Code: NR 104

1 CFU- colony forming units
aas a monthly geometric mean based on not less than 5 samples per month

Urban stormwaterrunoff adversely impacts
the rivers, beaches, and subsequently L:
Michigan. Stormwater outfalls aextensively §
located along the thredilwaukee areairban §
rivers  Figure 2); Milwaukee River, B
Menomonee River, and Kinnickinnic Rive
which converge andltimately discharge into" -
the Milwaukee Harbor. Tlse threerivers, |
have been shown tmaveconsistentlyhigh E.
Coli levels andfecal coliform concentration
orders of magnitude higher than limit
recreational  (1,000CFUs/100ml (CFU=
colony forming unity or full body contact
recreational use (200 CFUs/100ml) duringFigure 2: Example of Stormwater Outfalls
wet weatherand ecal coliform levels in @th




the Menomonee and Kinnickinnic Rivers often exceeded 1,000 CFUs/E¥@niduring dry
weather. Additionally, the majority of fecal coliform levels in the Milwaukee River exceeded
200 CFUs/100mI(SEWRPC, 2008) In previous research, the McLellaBacterial Genetics
Labordory measured. coli levels inthe Menomonee River. The me&n coli levels varied
from 100300 CFUs/100ml but after a storm event (with no sewer overfl&wspli and fecal
coliform levelscanincreasd by three levels of magnitud&(,000i 100,000CFUs/100mlhave
beenobservedSalmore et al, 2006 MMSD, 2009.

SeveralMilwaukee areabeachesvhich receive direct stormwater discharge on the beachrand
some instances receivesntaminated water fromtheut f | ow of Mi hawer,u k e e 6 s
have had numerous beach closings due to Eigledi levels. In 2008, Milwaukee County
beaches were issued an advisory or closed for 39% of the monitoringWileygeéch Health
Website: http://www.wibeaches.us/traverse/f?p=BEACH:HOME:21843594011900&ith the
majority of these advisories due to high coli levels. In numerous research studies of Lake
Michigan beaches, the McLellan Lab has found that localized stormwater inputs greatly
influence water qualityas doeghe localgull populationwhich useshe beach area®r food
resources and roostingE. coli levels following rain events increased between two and fifty
times greater than prain levels which demonstrates that pollution inputs are highly variable in
response to rainfalmounts and intesity (McLellan & Salmore, 2003)

Furthermore, e public health risk posed by very low levelspathogens in Lake Michigan is
difficult to estimate, since concentrations may not exceed the infectious dose needed to cause
illness. However, Lake Michigan serves as the source for drinking water to the City of
Milwaukee and othenearbycommunities the Cryptosporidiumoutbreak in 1993 is a sound
reminder that drinking water treatment should not be the only protective measure against
pathogen exposure in Lake Michigan waters. Rather, contamination of source waters (e.g. CSOs,
SSOs, urbarand ruralstormwater runoff, etc.) should be minimized as much as possible to
protect public health. Moreover, evidence of human sources of contamination in stormwater
strongly indicates that there is a need for a more detailed pathogen assessment of urban
stormwater fodisease causing organisms, including human viruses. Given the difficulty in direct
pathogen assessments in Lake Michigan, stormwater oudfatlsarges shouldperiodicallybe

tested fothe presences diumanpathogensy the community in which they alecated.

Human sources of fecalontamination are known to carry human pathogénsrefore, any
contamination from sanitary sewage can be considegsatemtially serious public health risk.
Little is known about the types of pathogens and ultimatedyhealth risk that is associateih
sourcesof fecal pollution in urban stormwatehowever here is increasing evidence that urban
stormwater may pose a serious human health(@88hea & Field, 1992, Haileet al., 1999,
Gaffield, et al, 2003, Rajalet al, 2007) This may be due tthe inadvertenintroduction of
sanitary sewage into the stormwatetlection & conveyanceystem. During storm events, Ron
human sources of fecal indicator bacteria can rsenagnitudeswell above water quality
standards, masking the human sources of fecal indicator bacteria. Hougivgrthe technique
of antibiotic resistance testing, the source of contamination (human vshunwem) can be
determined by testing the resme ofE. colito an array of antibioticthat the human population
is routinely administeredAfter a storm event or during baseflow conditions, low levels of fecal
indicator bacteria were detected but antibiotic residtammpli was also detected. Tlaatibiotic
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resistantE. coli demonstrate a persistent source of sanitary sewage is present in the rivers,
regardless of CSO or rain events.

Currently, numerous bacterial sowtctacking methods exist such as testing for antibiotic
resistance of fecalndicator bacteria, detection of host specific molecular markers using
Polymerase Chain Reaction (PCR), and assessmentacinade chemical tracers such as
artificial sweetener andaffeine. These methods have recently been reviewedribld and
Samadpour(2007) Methods that utilize host specific markers are based on the premise that
certain microorganismare found in one host type, such as humans, and not found in other hosts.
Marker based approaches do not rely upon isolating many different strains of fecal indicator
bacteria from environmental samples and host sources (e.g. human, animals), and are therefore
less cumbersome for widespread stud&msveralmicroorganismdave teen identifiedthat can

serve as hostpecific indicators including certain members of the or8acteroidales,
Methanobrevibacter smithiend more recentliFaecalibacteriumsp. (Bernhard & Field, 2000,
Carson et d., 2005, Dick et al, 2005, Ufnar et al, 2006, Lamendelleet al, 2007, Laytonet

al., 2009, Zhenget al, 2009) Although each method has its own merits, studies have shown it
is more effective to use@mbination of source detection methodditeques rather than rely on

one particular test tdiscriminate between bacterial host sources found in environmental water
samplegScott et al, 2002, Stewartet al, 2003)

The McLellan Bacterial Geneticd aboratory has employed the hum&acteroidesgenetic
marker (Bernhard & Field, 2000using Polymerase Chain ReactidRCR) to isolatethe gene
sequence that identifies this organiddacteroidesspp may be one of the most sensitive fecal
indicator genetic markers sindgacteroidesare present in fecal pollution at a much higher
abundance (1000X) than fecal coliformg€ertain speciesfoBacteroideshave been found to
commonly be harbored in humans, but not other sources of fecal pollution such as cows or gulls
(Bernhard & Field, 2000, Dicket al, 2005, Lamendellaet al, 2007) The humanspedfic
Bacteroidegyenetic marker was detected in sewage influent samples (n=15) from five different
treatment plants in Wisconsin, including plants from Milwaukee, Manitowoc, and Door
Counties. This marker was found to be positive when influent samplesiikgesl to 1:25,000.
Further, fecal samples from gulls (h=240) and feed lot manure samples (n=48) were always
negativefor this genetic markerThese results demonstrate that the hurBanteroidesis
potentially a sensitive and specific marker for humaurses ofecal pollution.

Bacteroideswhich areobligate anaerobes, are not expected to survive for extended periods of
time inthe environmen{Kreader, 1995)however, thaelationship between standard measures
of water quality (e.g. culturing. col) and thecapability to detect these organisms in surface
waters over time is unknown. Therefore, thistribution of Bacteroidesspp., and other fecal
indicator genetic markers, was determinedngarshore Lake Michigan following a sewage
overflow, and tle results were compared withe levels of culturableE. coli measured in the
same samples. Resultsrrahis study demonstrateat thehumanBacteroidesgenetic marker
may be useful for detecting low levels of fepallution, particularly in a system such as Lake
Michigan where dilution makes it difficult to tragbollution inputs from watershed drainage
The simultaneous disappearance of Ehecoli (detected by PCR) and human specific genetic
markers in Lake Michigan suggests tgatcoliand the humaBacteroidescells remain intact for



similar amounts of timeMolecular techniques, e.@Bacteroideshost specific PCR, &ér
promising results for humagource identification in environmental water samples.

3.0 METHODOLOGY
3.1 Sample Collection

More than 1,000 stormwater samples, from 62 different locations along the Milwaukee,
Menomonee, and Kinnigknic Rivers (including Honey Creek, Underwood Creek, Oak Creek,
and Lincoln Creek) were collected and analyzed during the-2008 sampling seasons for this
project @Appendix A). Overall, 236 stormater samples were collected blget McLellan
Bacterial Geetics Laboratory for this study. An additional 870 stormwater samples were
collected by MMSD as part of their stormwat@onitoring progran, these samples include
automatic inlinestormwatersamples collected from inside tlseorm sewer via manholesd
instreamwater qualitygrab samplesollectedfrom the rives downstream of stormwater outfall
discharge pointsA regional approach was taken when choosing stormwater outfall sites. Areas
of concern where given high priority when choosing locations andra concentrated sampling
effort was conducted.

Samples collected by the McLell&acterial Geneticdaboratory were collected during rain
events in 500 ml Nalgene bottles directly from the outfall. The samples were placed on ice until
analysis. Samples collected by MMSD were obtained from automated inline sanii88GJ)

or in some cases were manual grab samples; all samples were stored on ice until delivered to
UWMOGs Gr eat L ak e @icllamBaderidl Gendtids tabdrasory) for aysab

3.2 E. coliand Enterococcus Enumeration

All water samples are analyzed within 12 hours using the USEPA methodt. faoli
enumerationUSEPA, 2002) The samples are filtered through a 0.45 pm pore size 47 mm
nitrocellulose filter and placed on modified-TEC ard MEI agar. The volume of sample
filtered is varied according to the expected contamination. The plates are incubated for 18 hours
and colony forming units (CFUs) are counted and recorded.

3.3  Polymerase Chain Reaction (PCR)

All water samples werelfered within 12 hours for DNA extraction. A volume of 100 to 200 ml
of sample was filtered onto a 0.45 um pore size 47 mm nitrocellulose filter and stor86°at
The frozen filters were broken into small fragments using a metal spatula. DNA trestexk
using theMPBIO FastDNA® SPIN Kit for Soil (MP Biomedicals, Santa Anna, )CAAfter
extraction, PCR was performed using previously published met{®olwer, et al, 2005)
HumanBacteroidesandE. coli primers are useith the PCR reactig unless otherwise noted. In
some case®acteroidespp. (for total Bacteroidales) or cow specBiacteroidesvas used.

The presence ofariousfecal bacteria DNAvas confirmed byPCRanalysis using primerthat
target specificgenetic sequences irbacterial DNA. The presence of a product from the
amplification process (e.g. PCR) confirms the presence of the specific bacteria sequence that was



targeted. The presencelbf coliwas detected using thedA1318F and uidA1698kBower, et

al., 2005) that target theuidA gene ofE. coli. Human specifidBBacteroidesspp.was detected

using HF183F and Bac708Bernhard & Field 2000) All reactions were run using Taq PCR
Master Mix Kit (QIAGEN Co., Valencia, CA) with 7.5 pmol forward and reverse primers and
between 10 and 80 ng of DNA per 25 pl reaction. The thermocycler conditions for PCR were as
follows: 1 cycleof 94° C for 4 minutes; 35 cycles dd4° C for 30 seconds; the annealing
temperature (60° C for theidA primers, 53° C for totaBacteroidalesprimers and 59C for
Bacteroideshumanspecific primers) for 30 seconds; 72° C for one minute; a final cycle at 72° C
for six minutes and then a 10° C hold. PCR products were visualized on a 2% agarose gel
stained with ethidium bromide and compared to a 100 bp DNA ladder molecular weight marker
(Figure 3) (Fisher Scientific Co., Pittsburgh, PA).

PCR results are typicallyeported as positive (present) or negative (abskatyever results can
also be reported as weak, sample interference, or below the level of detection.

PCR and culture based methods are used concurrently because the culture basedllowshod
the human Bacteroides PCR findings tobe
compared ta@ulturablefecalindicators, which is Stormwater Bacteroides Human

the metric used for water quality standard$ie S ) el TG EE BT TR TR
E. coli is also detected by using PCRhich
serves as an important control reactig
Previous work in the McLellahabordory has e
shown that if more than 50®. coli cells/100 ml EE=
(or CFU/100 ml) are present in a sample of ceq
in sterile water, they can be easily detected ERRTAR ISR EPTRE AL SR 7RP LIS TR T AP TRP TR e T
PCR. However, environmental water samp
often contain many interfering substance
therefore if tle culture based method confir
E. coliis at higher densities than 500 CFU/1(z
ml, but the control PCReaction is negative, thg
sample is noted to have sample interferente.
This means that the environmental sample has _ o _
substances that are inhibiting tRER analysis| Figure 3. Visualization of 525 &se pair
or crossreacting, so that the reaction® not | PCR products on a 2% agarose gel stail
occur may actua”y be interpreted agajse W|th eth|d|um br0m|de. Lanes deS|gnat€
negativeresults These results may also be dyg@ s A Mo are the DNA
to low DNA recovery from environment
samples, e.g. substances in the environmental sample redwefédieacy of DNA extractions.

When sample interference is suspected, the DNA is serially diluted and retested. This is done to
dilute the interfering compounds to a level that will no longer inhibit the PCR reaction. EVhen

coli can be detected at ordyvery high dilution factor (with concurrent high cell counts), and the
humanBacteroidegienetic marker is negative, the negaBaxteroidegesult may be due to the

fact that theBacteroidestarget has been diluted to an undetectable level, theref@djntal

result for these samples are designated as having possible sample interference. Results listed as
below the level of detection (BLD) hate colicell counts less than 500 CFU/100 ml.




3.4 Data Management

All samples are tigked by the MMSBassgned Laboratory Information Management System
(LIMS) number or the GLWhssignd Fate and Transport numbddata is logged into a
laboratory notebook and then transferred taVi Acces§ databaseand Exce? spreadsheets
(2007 & 2008 humaBacteroidesdla@ contained imnExcel® spreadsheet iAppendix Bof this
report) Data entryis reviewed by project manager on a weekly basis. Monthly repoets
generated to review the data on a regular basis and subsequent progressanegenisrated.
MMSD staf and McLellan Laboratory staff meet on a regular basisdiscuss field and
laboratory experimental progresnd data management and reporting. Final reports are
submitted to MMSD and Dr. McLellan gives presentations to disseminate the information.



4.0 RESULTS AND DISCUSSION

The goal of this study was to identiBnd characterize locatormwaterinputs (discharges)
within the GreaterMilwaukee Watershedgsix in total) that are discharging elevated levels of
bacterial contaminationfrom the stormweer collection & conveyancesystem into the
waterways and subsequently determine if the origin of the pollution is from primarily human or
nonthuman sourceand at what level (concentration).

41 Identification of Stormwater Outfalls with Human Sources ofFecal Pollution

High E. coli and enterococcus values and positive huf@aoteroidesgenetic marker results
were widely distributed throughout tligreaterMilwaukee Watersheds The sites located along
Lake Michigan and the Menomonee River have the #ngercentage of samples positive for the
human Bacteroidesgenetic marker, with 71% and 73% of the samples positive, respectively
(Table 2). Similarly, the Kinnickinnic River and Lincoln Creek were found to have a high
number of samples positive for humBacteroidesmarker, with 60% and 65% of the samples
positive, respectively. The other four receiving waters, Honey Creek, Underwood Creek, Oak
Creek, and the Milwaukee River, also demonstrated evidence of sanitary sewage contamination
of stormwater. Rasts from individual stormwater samplegoutfalls, inline stormsewers,
instream)are shown imMable 3. These stormwater inputs create a pufsdialth risk at the rivers,

the lake, antdbeacheglue to the high bacteria levedsid presences of the humBactkeroides
marker

Table 2. Summary ofE. coli, Enterococcus and humdBacteroides genetic marker data
compiled by receiving waters for stormwater samples collected by MMSD and GLWI during the
20062008 sampling seasor{(§eeAppendix A for site locations

E. coli Enterococcus
Number of % Positive Geometric Geometric
Receiving Samples for human Average Mean Average Mean
Waters 20062008 | Bacteroides | (CFUs/100ml) | (CFUs/100ml) | (CFUs/100ml) | (CFUs/100ml)
Milwaukee
River 12 33% 6,550 4,040 6,020 4,250
Oak Creek 93 39% 358,000 9,020 153,000 11,000
Underwood
Creek 74 42% 113,000 12,600 158,000 13,500
Honey Creek 203 51% 40,300 5,850 43,400 6,990
Kinnickinnic
River 201 60% 329,000 19,700 175,000 21,600
Lincoln Creek 108 65% 51,100 14,600 60,500 9,770
Menomonee
River* 209 73% 382,000 24,300 111,000 21,100
Lake Michigan 95 71% 364,000 36,400 211,000 29,400

*two representative samples from SWWAL13 pollutographs were included this analysis. Special sampling
at Miller Park, SWMI18 is not included in ghanalysis.
** Russell Ave outfall not included because it is a submerged outfall; indicator levels may not be accurate



Overall, these results o n f |
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Quality Management Plan filngsthat stormwateis a major contributor to bacterial loads in the
GreaterMilwaukeeWatersheds.This study furtheindicates that saniary sewage contamination

of the localstormwatercollection & conveyanceystem contributes to these bacterial loads. As
many as 15% o$tormwater samples in 20@®08 hadbacteria countsver 100,000 CFUs/100

ml for E. coliand 18% hadountsover 100,000 CFUs/100 rfdr enterococcus. These levels are
500 times higher than thewater qualitystandard of 200 CFU/100 ml of fecal coliforrasd
since E. coliis only one type of bacteria that make up fecal coliforms, the total fecal coliform

levels in the stormwater samples are expected to be even higher.

In addition, these findings

suggest that human sewage is present itotted stormwatercollection & conveyanceystens at
higheramounts throughout th&reaterMilwaukee Metropolitan arethan previously thought
Several stormwater outfalls were intensively sampled and tested positive for the human
Bacteroideggenetic marker 100% of the timKl02S, KIO5S, LC04S, SMNO3A, and SWMI18
(Table 3, street locations found in Appendix A. In addition 44 of the 62 regularly sampled
stormwateroutfalls (e.g.nearly three quarters of the site} tested positive for the human
Bacteroidegienetic markerwer 50% of the time.

Table 3 Summary ofE. coli, Enterococcus and humaBacteroidesgenetic marker data
analyzed by outfall for stormwater samples collected by MMSD and GLW!I during the 2006
2008 sampling seasons. Segpendix A for site codelocationsand Appendix B for 2007 &
2008 humarBacteroideslata(stormwater outfalls, inline stormsewers, & instream locations)

E. coli Enterococcus
Number
of % Positive Geometric Geometric
Samples | for Human Average Mean Average Mean
Site Code| 20062008 | Bacteroides| (CFUs/100ml) | (CFUs/100ml) | (CFUs/100ml)| (CFUs/100ml)
Honey Creek

HCO1 14 50% 9,540 5,180 29,800 10,900

HCO1S 12 70% 3,560 1,520 4,750 592
HCO02 15 53% 12,700 3,370 22,100 8,050
HCO02S 11 89% 10,000 5,150 38,200 6,660
HCO03 14 50% 15,100 4,560 18,500 5,760
HCO03S 11 78% 13,800 4,300 5,130 1,880
HCO04 14 64% 28,100 6,850 25,700 12,100
HCO05 14 64% 40,600 7,270 57,000 26,200
HCO06 13 15% 45,400 2,280 43,900 3,920
HCO7 12 50% 11,900 1,250 24,100 4,090
HCO08 14 54% 37,500 16,300 44,600 27,100
HIO3b 11 89% 7,790 6,460 10,200 6,680
HI04b 11 89% 223000 28,100 113,000 13,900
HIO5b 11 11% 19,500 7,090 7,300 4,600
SWWA20 26 38% 101,000 29,600 135,000 7,790
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Table 3: continued

E. coli Enterococcus
Number of | % Positive Geometric Geometric
Samples | for Human Average Mean Average Mean
Site Code | 20062008 | Bacteroides| (CFUs/100ml)| (CFUs/100ml)| (CFUs/100ml)| (CFUs/100ml)
Kinnickinnic River
K102S 6 100% 9,680 8,620 185,000 34,500
KI05S 6 100% 5,850 3,190 12,000 5,200
KKO1 15 67% 49,400 9,600 58,700 19,400
KK02 9 67% 12,200 8,760 15,200 3,010
KK03 10 78% 121,000 25,100 233,000 58,000
KKO04 16 56% 30,800 10,100 113,000 17,300
RI33S 7 86% 9,020 6,170 66,300 32,100
S4301A 47 34% 108,400 24,600 192,000 39,900
S4302A 17 18% 10,300 3,600 14,400 2,580
SKKO1A 19 95% 742,000 29,500 172,000 33,600
SLPO1A 50 76% 913,000 75,100 324,000 41,700
Lake Michigan
SWMI04 23 65% 103,000 23,400 122,000 29,400
SWWB09 71 75% 286,000 38,700 158,000 62,900
Russell Ave* 30 74% 5,800 640 6,500 420
MenomonedRiver
MNO1 6 33% 102,000 16,700 59,500 17,700
MNO4 13 69% 90,900 18,500 77,700 22,800
MNO6 9 56% 56,200 30,600 116,000 49,900
MNO7 6 67% 20,400 14,700 63,700 28,900
MNIO1S 6 67% 8,160 6,150 38,300 12,700
MNIO02S 6 83% 9,970 7,880 35,100 28,400
MNIO3S 6 67% 10,600 9,150 23,300 19,600
SMNO1A 31 48% 793,000 34,800 82,000 22,700
SMNO2A 25 72% 237,000 33,900 184,000 45,300
SMNO3A 13 100% 6,400 3,870 12,700 7,310
SMNO4A 14 93% 6,670 3,310 78,300 3,480
RI32S 7 71% 6,590 4,680 14,000 9,730
SWMI18
(befare) 15 93% 238,000 2,810 176,000 1,260
SWMI18**
(after) 60 7% 14,700 135 17,240 51
SWWA13 107 89% 145,000 10,600 111,000 17,800
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Table 3: continued

E. coli Enterococcus
Number
of
Samples| % Positive Geometric
2006 for Human Average Mean Average Geometric Mean
Site Code| 2008 | Bacteroides (CFUs/100ml)| (CFUs/100ml)| (CFUs/100ml)| (CFUs/100ml)
Milwaukee River
MWO1 5 60% 7,440 4,850 7,520 7,120
MWR1 7 14% 5,930 3,550 4,960 2,940
Oak Creek
0OC03Ss 7 57% 5,130 4,140 28,500 8,950
0C04S 7 43% 6,980 4,000 15,80 8,000
SOCO01A 39 44% 800,000 22,000 203,000 23,500
SOCO02A 40 33% 42,600 5,620 146,000 9,130
Lincoln Creek

SLCO1A 18 28% 48,600 16,900 96,600 34,600

LC04S 7 100% 11,300 8,240 22,900 15,600

LC02S 7 86% 8,530 4,330 18,600 7,570
SLCO2A 25 32% 67,200 4,450 99,900 18,300
SWMI07 51 88% 55,500 13,600 39,500 10,700

Underwood Creek

SUCO01A 18 22% 189,000 23,100 83,400 15,200
SUCO02A 19 53% 144,000 36,200 321,000 31,800
uCco2s 7 43% 16,300 2,990 23,000 11,100
UNDO1 5 60% 9,580 8,090 8,630 7,050
UNDO2 4 0% 219,000 4,590 299000 7,850
UNDO3 8 63% 132,000 12,300 188,000 33,700
UNDO4 10 60% 7,670 4,760 14,060 11,140
UNDR1 3 0% 4,300 3,960 10,300 8,410

*Russell Ave outfall is submerged indicator levels may be diluted
** SWMI18 was tested before and aféecrossconnection problem was identified and solved at
Miller Park.

4.2

Samples

Relationship Betweenlnline Stormwater Samples andRiver Water Quality

It was evident throughout this study that instream water quality monitoring locations were
influenced bysurroundingstormwater dischargeoints The McLellan Laboratory analyzed
instream river water quality samplpsovided by MMSD and found some of these instream
water quality monitoring sites have tested positorehe humarBacteroidesnarkerin all of the
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samples collected (100% of the time); these results appearrjofurtherdownstreanaffecting
other instreamvater quality sampling locations as well.

Instream water quality monitoring sites on the Kinnickinnic River, KI02S" (Sfreet &
Manitoba Street) and KI05S (80Street & Kinnickinnic River Parkway) tested positive for
human specifi@acteroidesnarkerin 100% of their samples (n=6 samples per site). Kl02S and
KIO5S have correspondingnline storm sewer water monitoring sites irclose proximity
(SKKO1A and SLPO1A respectivelyyvhich also tested positive for th@uman specific
Bacteroidesnarkeron a regular basis. SKKO1A g@Street & Manitoba Street) tested positive
in 95% of all samples taken (n=19) and SLPO1A’(6freet &Harrison Avenue) tested positive

in 76% of all samples taken (n=50).

In the Menomonee River

: - R : T S e ' :
instream  water  quality A N SR SR I Line Stormwater Monitoring Site [
monitoring location at \&st &8 B s el L

Center Street and the
Menomonee River Parkway
(MNIO2S) tested positive for
human specificBacteroides
matker in 83% of the
samples collected (n=6)

while samples collected
from the corresponding
upstream inline storrsewer
sites located at W. Cente
Street and 97 Street
(SMNO3A) tested positive
for human Bacteroides
marker 100% of the time
(n=13) and site $NO4A

(W. Center Street and 96
Street) tested positive fo
human specificBacteroides
marker93% of the time (n=
14) (Figure 4).

b ey, - € ;.l ‘o\—-e-.,& e '7 *

Ther e ar e
priorityo si ‘

this area of the Menomone E __ A S N
River; inline storm sewer | . T L

and outfall SMNO4A &d ) | Figure 4. Instream Water Quality |
SWWAI13 ( near Ridge & . :
Harding Boulevard) and
instream water quality monitoring location MNIOIRidge & Harding Boulevardpare of

importance SMNO4A tested positive fdruman specifi@acteroidesmarkerin 93% of the 14
samples taken and SWWA13 testaakitive forhuman specifiacteroidesnarkerin 89% of
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the samples taken (n=107). The stormwater monitoring locations, SMNO3A, SMNO4A and
SWWAI13 have affected the water quality of the succeedawgnstream water qualiiyjstream

site, MNIO1S This sitetested positive fohuman specifidacteroidesmarkerin 67% of the
samples taken (n=6). The high frequencies of positive results from the upstream inline storm
sewersites paired with the high frequency of positive results for succedsivastreamwater

guality instreamsites indicates that these inline stosewers and their associated stormwater
outfall discharge are having aegative effect on the instreamater qualityof the Menomonee

River.

Another instream water quality monitoring site of ietdris in Lincoln CreekLC04S, located
at 47" Street & Congress Streéiere100% of the samples collected tested positivéréonan
specificBacteroidesnarker(n=7). This instream site ithin 90 feet oftherealm of influence
of thecorrespondinglownstreaninline stormsewersite at N. 4% Street (SWMI07) which
tested positive fonuman specifi@acteroidesnarkerin 88% of the 51 samples collectand
tested positivéor human derived viruses (seeti®n 4.6 fordiscussiohn

4.3 Relationship of Fecal Indicator Bacteria, Precipitation, and Seasonality to the
Human BacteroidesGeneticM arker

The relationship between microbiological data Eorcoli and enterococcus and molecular data
for the humarBacteroidegyenetic marker was examinechére was found to be rstatistically
significant correlation between culturablE. coli or enterococci and the humdacteroides
genetic marker. Samples positive for the huBanteroidegyenetic marker were found over a
wide range ofE. coli and enterooccus valuesKigure 5). Samples containing. coli and
enterococci as low as 100 CFU/100 ml were found to have as many as 30% of these samples
positive for thehuman specifiBacteroidegnarker Samples withe. coliand enterococci in the
range of 101 @ 500 CFU/100 ml had 50% and 60% of the samp#sspositive for human
specific Bacteroidesmnarker respectively. E. coli and enterococci levels over 1,000 CFUs/100
ml had the highest average of over 60% of samples positive for the Hienteroidesggendic
marker. These findings suggest that sanitary sewage impoitthe local stormwater collection

& conveyance systemmay be present but may not always be a major contributor to overall fecal
indicator levels. However, any sanitary sewage contaminesiorpose a serious health ridkge

to the possible presences of pathogesgardless ofecalindicator levels.
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Figure 5: General trends found in the relationship betwe&ercoli and enterococcus values
when compared to percent positive for themlanBacteroidesgenetic marker, data for 2006
2008.

Human Bacteroidesgenetic marker results were also compared to rainfall amounts. The
sampling events in this study spanned a wide range of precipitation, from trace amours up to
inches within 48hours. The relationship between rainfall and positive resutsindividual
stormwateroutfalls, as well as for aitormwatermutfalls as a group wamalyzed None of the
stormwateroutfalls included in this study were observed to have discharge wadeflow
conditions. At increasing amounts of rainfall, the number of samples positive for the human
Bacteroidesgeneticmarkerdid not significantly change. The lack of relationship with rainfall
suggests that the mechanism for sanitary sewage contamimdbd the stormwater collection

and & conveyance systeisicomplicated and appears to be a chronic problem that can occur not
only with heavy precipitation but also with only minimal precipitati®dhile some of the
positive results may be due to dirgidlicit) connections, exfiltration from deteriotiag sanitary
sewer linesand migration intothe stormwatercollection & conveyancesystem most likely
accounts for ahigh number of these resulthe findings of intermittently psitive human
Bacteroidesmarkerwith no clear association with rainfauggests that a number of factors in
combination result in conditions that favehnis exfiltrationmigration phenomenon The
relationships between sanitary sewage contamination and other factotgpsaihd moisture,

days since last rainfall, agend locationof the sanitary and storm sewanfrastructure, etc.,
needs to be considered in combination with meteorological conditionsitiipatel that these
relationships might be localized (neighborhasmdle), or evertommunity 6ite) specific, and
would require more intensive sampling efforts to define.
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Seasonal treds among samples positive fourhan Bacteroidesgenetic markemwvere also
examined Samples in early spring (April) and autumn (Novenmlberve the highest percentage

of samples positive for humaBacteroidesgenetic marker in 2008~{gure 6). However, in
general,E. coli levels were lower in early spring samples, possible due to high salt condition
(road salt) and colevatertemperatures.The 2006 samples also showed the highest number of
positive sampledgor the human specifi@acteroidesmarkerin autumn. Samples from 2007
were not included in this analysis since some of these are being reanalyttexidossibility of
inhibitors (seeSection 4.7 for discussipn Summer months generally had lower numbers of
positives for the human specifi@acteroidesmarker but none of these differences were
statistically significant.
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Figure 6: Seasonal variation in percent of samples positorehuman Bacteroidesgenetic
marker over the 2006 and 2008 sampling seasons. April and October have the largest percentage
of samples positive for humd@acteroidegenetic marker.

4.4  Results of Pollutographs

The McLellan Laboratory analyzetivo sites usingpollutographs(5 or more consecutive
samplings at timed intervals durirggspecificprecipitation event) atwo separate locations in
2007. The first pollutograplsampling sitewas located at Miller Park (SWMI18).Two
pollutographs collected &t remediation of an illit connection found at Miller &k
demonstrated low to moderate levelsEofcoli (<100to 4,200CFU/100 ml) throughout the
sampling of 10 flushes. All samples were negative for the hiBaateroidegenetic marker.
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The secondpollutographsampling sitewas located aRidge and Harding streets (City of
Wauwatosa) on the Menomonee Ri{8WWWA13). Seven pollutographs were conducted over
the 2007 sampling seasdfidure 7). The two pollutographs collected in spring2&07 ands-

1-07) had low levels oE. coli, which was most likely due coldevater temperatures and
residual salt from roadways. In the other five pollutograghs;oli levels were two to four
orders of magnitude lower after th8 iush sample was collected (@pximately 45 hours after

the start of sampling). On one sample day;@&/, flushes 7 and 16 had increased levelg.of

coli, but these were not significant. The pollutograph samples were consistently positive for the
human Bacteroidesgenetic markerjn all flushes; up to 15 flushes. There were sporadic
negative results, which accounted for approximately 10% of the samples. These negative results
correlated to very higlt. coli and enterococcus levels and were most likely due to sample
interference.These findings show a persistent input of sanitary sewage that is not wasbéd

the stormsewerpipeafter theinitial first flush.
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Figure 7. Pollutograph sampk from five sampling date<k. colilevels were two to four orders

of magnitude dwer after the % and 8" flush samples. Nearly 90% of the samples from all dates
were positive for the humaBacteroidegyenetic marker. Negative samples corresponded to very
high E. coli levels and may be negative due to sample intenige (seeSecton 4.7 for
explanation of conditionthatcau® interferences).

45 Assessment oBeachStormwater Outfalls

As part of a project funded by the University of Wisconsin Sea GQPagram, stormwater
outfalls that discharge adjant to beach areas mesampled Results are shown ifiable 4. The
percentage of samples positive for theman specifiacteroidesmarkerwas similar (and in
some cases higher) to what was foundsiarmwateroutfalls discharging to rivers. These
findings demonstrate thattormwateroutfalls discharging directly to Lake Michigan have
infrastructure concerns that acemparableto what was found in other areas of tGeeater
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Milwaukee metropolitan area. Agirideteriorating sanitary sewadnfrastructure or illicit
connectims can contribute sanitary sewage into the stormwatbction & conveyanceystem.
Any sanitary sewage contamination released near recreational use swathras beachess, of

high concern due to thpotential presence of pathogens. Maps and taklgk locations and
summary data for eadeach related stomwateutfall arefound inAppendix C.

Table 4 Summary ofthe humanBacteroidesgenetic marker detected imeachstormwater
outfalls.

% Positive for

Beach Numberof Outfalls Numberof Samples = HumanBacteroides

Bradford Beach 14 136 21%
Klode Park 3 42 31%
North BeaclDr. 8 30 50%
Atwater Beach 1 8 63%
Doctors Park 1 10 70%
Bay View 1 17 71%
South Shore 1 26 73%
Big Bay Beach 1 16 75%

46 Human Virus Detection

The McLellan Laboratoryinvestigated the occurrence d¢fuman derivedviruses in one
stormwater outfall site located along Lincoln Creek (#7Street & Congress Streethat
chronically tested positive for the humarBacteroidesgenetic marker. On 7/8/08, MMSD
collected 4 L of vater fromstaomwater outfallSWMIO7 after a rain event. The sample was
analyzed by Marshfield Clinic for enteroviruses, rotavirus group A, hepatitis A (HAV), G1
noroviruses, Gll noroviruses, and adenoviruses. The sample was positive for three different
viruses: adenovirus at 1.3 x 10E3 genomic equivalents/L (ge/L), enterovirus at 1.9 x 10E4 ge/L
and G1 norovirus at 1.5 x 10E3 ge/These concentrationsf virusesare similar to what is
found in sewage influent and confirms the presence of human sewaganowtion in this
stormwateroutfall. This level ofhuman virus contamination in stormwater constitutes a
potential publichealth risk.

The stormwatemonitoringsite SWMI07 was chosen for virus sampling because it was ranked
as a high prioritystormwater outfall based upon the number of samples positive fohtimean
Bacteroideggeneticmarker. For thisstormwateroutfall, the mean and geometric mdancoli
levels were 55,500 and B80 CFU/100 ml respectively, and the mean and geometric mean for
erterococci levels were600 and 10700 CFU/100 mL respectivelyT@able 3). Interestingly

this stormwateroutfall has mean and geetric meanE. coli and enterococci levels similar to
other sites that are ranked as low priotigcause of the low percentagf times the human
Bacteroidesgenetic marker was detectedn addition, the sample in which tieimanvirus
sampling was performed had relatively I&w coli levels on that day compared to other sample
days at this siteThese findings furthecorroboate other evidencethat sanitary sewage inputs
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into the local stormwater collection & conveyance system may be present but may not always be
a major contributor to overall fecal indicator levédge Section 4.3 for discussiamd human
virus presence isot necessarily correlated with high leveld€otcoli.

4.7 Inhibition AssayDevelopment
4.7.1 Inhibitor Assays

Environmental samples contain many organic and inorganic compounds sudfteragicp
compounds, humic acidlays, heavy metalsand lage amounts of netarget DNA that may
interfere with PCRreaction In all of the PCR assaya, controlis includedto assure that the
reaction worked properhand that there were no inhibitors present that would lead to a false
negatie result Prior wok in the McLellanBacterial Genetics Laboratohas demonstrated that

in sewageE. coliand the humaBacteroidegyenetic marker arat similar levels (Bower et al.
2005), thereforeE. coliis used as a PCR target for the control reaction. Furhemli is
present based on microbiological results, so all samples should have a positive reaction if
culturableE. coliis above 500 CFU/100 ml (the limit of detection determined in the laboratory,
see methods section). If there is a mixture of human anéhmman sources contributing to

fecal pollution, the nouman sources are expected to contriliitecoli but not the human
Bacteroidesgenetic marker to the sample. In these instances, it may be possible to have a
positive E. coli control reaction, butihibition may prevent detection of the hunmBacteroides
genetic marker. Further, samples may produce a posésedt but the magnitude of the positive
resultmay be diminished due to inhibition, which needs to be determined in order to accurately
guantfy the humanBacteroidesgenetic marker (seBection 4.7.2 for discussipnrherefore, it

was necessary to develop a quantitative inhibition assay that could distinguish a true negative
froma sample thgbroduces aegativeresultdue to inhibition.

This inhibition assay is based upon amplification of an internal control in the same reaction or
under the same conditions as the PCR assay for hBaeteroidesgenetic marker. This assay

has been under development in felLellan Bacterial Genetickaboraory since 2008 Briefly,

the McLellanBacterial Genetickaboratory has adopted an approach describeSiv®mganesan

et. al. (2008)which entailed spiking in a known concentration of internal control target DNA
and performingquantitative PCR(PCR. Thetarget is essentially a synthesized gene that is an
internal amplification control (IAC). The IAC contains a known (nonbacterial) cogaoétic
sequence that is flanked by humBacteroides E. coli, enterococcus, and tot8lacteroides
geneticsequence complementary to the primers used in PCR. This gene is carried on a plasmid
that can be introduced into the reaction at a known concentration. The IAC should amplify with
human Bacteroidesprimers, but can be distinguished from the hunBacteroidesgenetic

marker based upon the intervening control sequence. When added to a stormwater sample, the
strength of the signal is compared to the same amount of target IAC with no stormwater sample
present to determine if it is diminished by inhibition, andvuat extent (e.g. 2 fold, 4 fold,
complete inhibition).

Approximately 24% of the samples in 2006 and 2008 were suspected to have inhibition based
upon negativeée. coli control reactions. The 2007 samples had a slightly higher rate, with 10%

of the samfes inhibited. A subset of archived 2007 samples was tested with the inhibitor assay
to confirm inhibition and determine to what extent. These results indicated that only two of
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twenty samples had significant inhibition. Further work is necessary tordle¢éethe sensitivity
of the inhibitor assay. This assay can be used in conjunction with development of quantitative
assayggPCR)for the humarBacteroidegyenetic markefsee Section 4.7.2 for discussion)

4.7.2 Quantification of theHuman BacteradesGeneticM arker

The high number otormwatersamplestesting positive for the human Bacteroidesgenetic
marker highlights the need for prioritizirgampling sites for further investigation using dye or
smoke testing The humarnBacteroidesgeneticmarker is a very sensitive measure of sanitary
sewagecontamination. For example, the McLellBacterial Geneticsaboratory has detected
this marker in LakeMichiganfollowing a sewage overflow, whén colilevels were found to be

0 CFU/100 m| therefore kowing how humarBacteroidesgeneticmarkerrelates toE. coli
levelswould be useful in understanding contamination level and risk.

Quantitative PCR (qPCR) is based upon the exponential phase of the amplification process.
During PCR, every cycle wilproduce a doubling of the DNA template. When the reaction
reaches a certain point, the doubling produces a dramatic increase in amplification product (e.g.
the exponential phase). In gPQRe reactions can be tracked during eastplificationcycle,

so this exponential phase can be detected using fluorescently labeled probes. The amount of
starting template corresponds to the cycle in which the exponential phase is detected. This is
illustrated inFigure 8, which shows a typical standard curve wherehesample represents
increasing concentrations of DNA template. Test samples are assigned a concentration based
upon the standard curve.

Two different assays are being developed to determine the concentration of the human marker.
Both assays are basagon the humaBacteroidegyeneticmarker that is currently used for the
standard PCR that provides a positive/negative result, but each has a different conserved region,
which is targetedurther downthe gene sequenceThese are the two assays that laeeng
developed by the EPA for source tracking at aiamal level. Dr. McLellan iscurrently
collaborating with the USEPA to lidate the gPCR assays for thenhmanBacteroides This
collaboration offers a unique opportunity to interface with the mosturapproaches for
microbial source tracking Other real time PCR targets for totBhcteroides E. coli and
enterococci are currently used time McLellan Bacterial Genetics Laboratory. Through this
work, the proportion of the humaBacteroidesgeneticmarker in relation to standard water
guality fecal indicators (e.g. fecal coliform afd coli) can be determined
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Figure 8. Panel A illustrates a typical standard curve with each sample eaprgsincreasing
amounts of DNAtemplate. Panel B illustrates gPCR results for 20 samples testing for
enterococcus. The cycle in which exponential increases in DNA amplification product are
detected are compared to the standard curve in order to ag&agteacideoncentration vale.

Cycle

The humarBacteroidegyeneticmarker wagjuantifiedin a select number of samples from 2007

2008 (Table 5. Stormwater samples are notated to have significant human sewage
contamination if 10,000 or more copy numbers of huBaateroidegper 100 ml wasletected
Samples found to have fewer than 10,000 copy numbers (e.g. equivalent to 2,000 cells per 100
ml) of humanBacteroidesare not ranked as a priority. The priority ranking is based on the
range of copy numbers found in each organism of the huBsateroides the McLellan
Bacterial Genetics Laboratory uses an average of 5 copy humbers per orgigidighted (in

color) stormwater samples in Table 5 are ranked as a high priority site (samples with >10,000
copy numbers (CN)/100mL).

Table 5: gPCR was conducted on 96 Stormwater samples from-2008. The human
Bacteroideggenetic marker is reported as copy number per 100(8eeAppendix A for site

maps3.

Human Bacteroides

Date Site Code Location (Copy Number/100mL)
Honey Creek Watershed

7/2/08 HCO1 74" St. & Bennett 112,000

8/4/08 HCO05 84" St. & Hill St. 9,000

Kinnickinnic River Watershed

KK River @ 35th & Manitoba St

9/5/08 K102S 54,800
KK River @ 60th & KK River

9/4/08 KI05S Pkwy 11,800
KK River @ 60th & KK River

9/5/08 KI05S Pkwy 1,470,000
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Table 5: continued.

Human Bacteroides
Date Site Code Location (Copy Number/100mL)
6/4/07 KK01 KK River Pkwy. & 33rd St. 51,500
8/14/07 KKO1 KK River Pkwy. & 33rd St. 1,400
9/10/07 KKO01 KK River Pkwy. & 33rd St. 1,100
6/4/07 KK02 KK River Pkwy. & 35th St. 10,600
8/14/07 KK02 KK River Pkwy. & 35th St. 14,400
9/4/08 KKO03 KK River Pkwy. & Forest Home 31,600
6/4/07 KK04 KK River Pkwy. & Forest Home 37,100
8/14/07 KKO04 KK River Pkwy. & Forest Home 4,400
9/10/07 KK04 KK River Pkwy. & Forest Home 1,600
9/4/08 SKKO01A 35th & Manitoba 28,900
3/19/08 SLPO1A 61st and Harrison Ave. 14,200
11/7/08 SLPO1A 61st and Harrison Ave. 133,000
Lake Michigan Watershed
7/8/08 SWWB09 4939 N. Newhall 195,000
9/5/08 SWWB09 4939 N. Newhall 138,000
9/5/08 SWWB09 4939 N. Newhall 826,000
11/7/08 SWWB09 4939 N. Newhall 51,300
11/7/08 SWWB09 4939 N. Newhall 126,000
Menomonee River Watershed
Honey Creek Pkwy. & S. 68th
8/15/07 MNO1 St. 2,590,000
Honey Creek Pkwy. & S. 68th
8/20/07 MNO1 St. 3,160,000
Honey Creek Pkwy. & S. 68th
8/27/07 MNO1 St. 60,800
Honey Creek Pkwy. & S. 68th
9/10/07 MNO1 St. 200
8/15/07 MNO4 Men River Pkwy. & 90th St. 58,200
8/20/07 MNO4 Men River Pkwy. & 90th St. 14,800
8/27/07 MNO4 Men River Pkwy. & 90th St. 9,400
9/10/07 MNO4 Men River Pkwy. & 90th St. 60,900
8/4/08 MNO4 Men River Pkwy. & 90th St. 3,040,000
8/20/07 MNO6 Hart Park 18,300
8/27/07 MNO06 Hart Park 19,500
9/10/07 MNO6 Hart Park 23,800
6/9/08 MNO6 Hart Park 130,000
10/15/08 MNO6 Hart Park 115,000
8/20/07 MNOQO7 N. 68th & River Pkwy. 2,500
8/27/07 MNO7 N. 68th & River Pkwy. 700
7/2/08 MNO7 N. 68th & River Pkwy. 66,000
9/4/08 MNO7 N. 68th & River Pkwy. 15,500
Men Rvr @ Ridge & Harding
9/11/07 MN101S Blvd. 5,300
Men Rvr @ Ridge & Harding
6/27/07 MNIO1S Blvd. 17,000
Men Rvr @ Ridge & Harding
9/26/07 MNIO1S Blvd. 2,400
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Table 5: continued.

Human Bacteroides
Date Site Code Location (Copy Number/100mL)

Men Rvr @ Ridge & Harding

10/9/07 MNIO1S Blvd. 900
Men Rvr @ Ridge & Harding

5/30/08 MNIO1S Blvd. 4,000
Men Rvr @ Ridge & Harding

6/5/08 MNIO1S Blvd. 906,000
Men Rvr @ Ridge & Harding

9/5/08 MNIO1S Blvd. 48,900
Men Rvr @ West Center St. &

6/5/08 MNI02S Men River Pkwy 20,300
Men Rvr @ West Center St. &

6/13/08 MNI02S Men River Pkwy 3,900
Men Rvr @ West Center St. &

9/4/08 MNI02S Men River Pkwy 177,000
Men Rvr @ N 69th St. & Men

5/30/08 MNIO3S Rvr Pkwy 34,200
Men Rvr @ N 69th St. & Men

6/5/08 MNIO3S Rvr Pkwy 19,600
Men Rvr @ N 69th St. & Men

6/13/08 MNIO3S Rvr Pkwy 4,400
Men Rvr @ N 69th St. & Men

7/8/08 MNI0O3S Rvr Pkwy 33,500

5/12/08 SMNO1A 10435 Concordia Ave. 38,400

6/5/08 SMNO1A 10435 Concordia Ave. 4,900

6/6/08 SMNO1A 10435 Concordia Ave. 800

8/4/08 SMNO1A 10435 Concordia Ave. 1,100

9/4/08 SMNO1A 10435 Concordia Ave. 17,000

9/5/08 SMNO1A 10435 Concordia Ave. 200
69t h Extdéd and

5/12/08 SMNO2A Ext 6d 5,700
69t h Extoéd and

6/5/08 SMNO02A Ext 6d 67,800
69t h Extoéd and

7/3/08 SMNO2A Ext 6d 6,500
69t h Extoéd and

9/5/08 SMNO2A Ext 6d 2,600
69t h Extoéd and

9/5/08 SMNO2A Ext 6d 19,800

4/25/08 SMNO3A Center St. and 97th St. 46,000

7/3/08 SMNO3A Center St. and 97th St. 842,000

7/8/08 SMNO3A Center St. and 97th St. 56,200

9/5/08 SMNO3A Center St. and 97th St. 1,210,00

10/6/08 SMNO3A Center St. and 97th St. 5,250,000

6/13/08 SMNO4A 96th and Center St. 235,000

6/23/08 SMNO4A 96th and Center St. 57,800

8/4/08 SMNO4A 96th and Center St. 45,000

9/4/08 SMNO4A 96th and Center St. 50,000

4/25/08 RI32S Men Rvr @ Burleigh Avenue 26,700
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Table 5: Continued.

Human Bacteroides
Date Site Code Location (Copy Number/100mL)
Ridge and Harding Blvd. Men
6/13/08 RI32S Rvr @ Burleigh Avenue 870
5/30/08 SWWA13 Ridge and Harding Blvd. 10,800
5/30/08 SWWA13 Ridge and Harding Blvd. 142,000
6/5/08 SWWA13 Ridge and Harding Blvd. 47,500
6/23/08 SWWA13 Ridge and Harding Blvd. 3,400
7/8/08 SWWA13 Ridge and Harding Blvd. 400
9/4/08 SWWA13 Ridge and Harding Blvd. 2,600
9/5/08 SWWA13 Ridge and Harding Blvd. 12,400
9/5/08 SWWA13 Ridge and Harding Blvd. 20,400
Lincoln Creek Watershed
7/8/08 SWMIO7 4345 N. 47" Street 90,900
7/8/08 SWMI07 4345 N. 47" Street 99,000
9/5/08 SWMI07 4345 N. 47" Street 120,000
9/5/08 SWMI07 4345 N. 47" Street 95,900
Lincoln Ck @ N. 47th &
6/19/07 LC04S Congress St. 7,600
Lincoln Ck @ N. 47th &
6/27/07 LC04S Congress St. 3,100
Lincoln Ck @ N. 47th &
10/1/07 LC04S Congress St. 115,000
Lincoln Ck @ N. 47th &
9/5/08 LC04S Congress St. 32,400
Underwood Creek Watershed
9/26/07 | sucolA | Fairview Extd. and Curtis Rd. | 6,700

4.7.3 Differences inCommercial DNA Isolation Kits

Several commercial kits are available for DNA isolation. DNA is extracted from water samples
using a DNA Isolation kit and PCR is conducted on the eluted DNA. There are no documented
differences beveen kits sold by different companies. However, in 2007 there was a significant
lower amount of stormwater samples positive for the huBacteroidesgenetic marker. In
2007, a different DNA isolation kit (MO BIO PowerSoil DNA lIsolation kit) was usexhti
previous years due to availability. To determine if the DNA isolation kit was a factor in the
lower percentage of humaBacteroidespositive (due to lower extraction efficiency) the
McLellan Laboratory isolated the replicate filters for 34 stormwsdenples from 2007 with the
extraction kit that was used in previous years (MPBIO FastDNA Spin Kit for Soil). The human
Bacteroidesgenetic marker was not detected in any of these samples using the MO BIO
PowerSoil kit but when isolated using the MPBI@irBkit 32% of the samples were positive for
humanBacteroides The MO BIO PowerSoil kit was found to have lower extraction efficiency
which caused difficulty in detecting the humBacteroidegyenetic marker due to a low number

of target cells. Howevethe additional positiveresultsdid not change the priority level for any

of the stormwatemonitoring sites. The majority of the samples that tested positive for the
human Bacteroidesgenetic marker with the different kit were already categorized @is hi
priority sites so it increased the amount of posiBaeples resultfor the humarBacteroides
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genetic marker but it did not cause any low priority sites to be categorized differently (i.e.
samples did not change from <50% positive to >50% positive).

4.8 Investigation of AssaySpecificity

4.81 CrossReactivity of the Human Bacteroides GeneticMarker

Urban wildlife, such gullsgeese, deeand raccoons, caall be sourcesf E. coliin stormwater.

The McLellanBacterial Genetickaboratory eploredin this studythe possibility that bacteria
found in raccoon feces could be crassacting with the humamBacteroidesgenetic marker,
causing false positiveesults for the markerRaccoons were selected as target spdoiethis
analysisbecausethey live in high densities in the storm sewer along the Menomonee River
Parkwayand their waste is clearly visible in storm sewer catch basins and pipesigh this
additional work i was found thathie Bacteroidesspp.contained irraccoonfecesis similar, but

not identicatto the16S rRNA gene sequencesind insewagesamplegFigure 9).

The region of the 16S rRNA gertleat is used as the human genmenarker was not found in
raccoons however the amino acid bapairs sequences that were foundaaecoonsvere also
detected in sewageshatthis meansst hat i f t tbhasspeirssequences areodetécted
in stormwatethey could be froneitherraccoons or sewage both

o7[ 100 ] Izo 130 140 150 160 170
BI| TTCTGARAGGGAGATTAACTCCAGGATGEGATC ATGAGTTCAC ATGTCCGCATGATTAAAGGTATTTTCCGGTAGACG

Human Sewage 1

Human Sewage 2
Human Sewage 3

TTCTGLAAGGAAGATTAC-TCCAGGATGGGATC ATGAGTTCAC ATGTCCGCATGATTAAAGGTATTTTCCGGTAGLCG
TTCTGLAAGGAAGATTCT- TTCAGGAT GGG AT AT GAGTTCAC ATGTCCGCATGATTAAAGGTATTTTCCGGTAGLCG

Human Sewage 4 | 83| TTCTGAAAGGAAGATTCA-TTCAGGATGEGATC ATGAGTTCAC ATGTECGCATGATTALAGGTATTTTCCGGTAGACG
Human Sewage 5 | 92| TTCTGARAGGAAGATTCA-TTCAGGATGECATC ATGAGTTCACATGTCCGCATGATTAAAGGTATTTTCCGGTAGACG
Raccoon 1| 81| TTCTGAAAGGRAAGATTAL-TACAAGATGGCATCATGAGTTCGCATGTTC ACATGATTALAGGTAT--TCCGETAGACG
Raccoon 2 | 86| TTCTGAAAGGAAGATTAL-TACALAGATGGCATCATGAGTTCGCATGTTCACATGATTALAGGTAT-—TCCGETAGACG
Raccoon 3 | 81| TTCTGAAAGGAAGATTAL-TACALAGATGGCATCATGAGTTCGCATGTTCACATGATTALLAGGTAT-—TCCGGTAGACG
Raccoon 4 | 81| TTCTGAAAGGRAAGATC AL -TACAAGATGG - ATCATGAGTTCGCATGTTC ACATGATTARAGGTAT-—TCCGGTAGACG
Raccoon 5 | 85| TTCTGAAAGGRAGATTAC - TTTAAGATGG - ATC ATGAGTTCAC ATGTTC ACATGATTALAGGTAT-—TCCGGTAGACG
Raccoon ¥ | 94| TTCTGALLGGAAGATTAR-TACAAGATGGC AT C ATGAGTTCACATGTTCACATGATTALAGGTAT-—TCCGGTAGACG
Raccoon 6 1| TTCTGAAAGGAAGATTCT-TTCAAGATGGCATCATGAGTTCACATGTTC ACATGATTARAGGTAT--TCCGGTAGACG

Stormwater SOCO1A-1
Stormwater SOCO1A-2
Stormwater SOCO1A-3
Stormwater WA13-5
Stormwater Wa13-1
Stormwater Wal13-2
Stormwater Wal13-3
Stormwater Wal13-4

TTCTGLAAGGAAGATCAT-TACAAGATGGC AT AT GAGTTCAC ATGTTC ACATGATTAAAGGTAT-—TCCGETAGLCG
TTCTGLARGGARGATTCC- TATAAGATGGC ATC A TGAGTTC G ATGTTC ACATGATTAAAGGTAT-—TCCGETAGLCG
TTCTGLAAGGAAGATCAT-TCCAGGATGGCATC ATGAGTTCAC ATGTCCGUATGATTAAAGGETATTTTCCGETAGLCG
TTCTGLAAGGAAGATC AR - TCCAGGATGGGATC ATGAGTTCAC ATGTCCGUATGATTAAAGETATTTTCCGGTAGLCG
TTCTGLAAGGAAGATTAR-TCCAGGACGGGATCATGAGTTCAC ATGTCCGUATGATTAAAGETATTTTCCGGTAGLCG
TTCTGLAAGGAAGATTAR-TCCAGGATGGGATC ATGAGTTCAC ATGTCCGCATGATTAAAGETATTTTCCGGTAGLCG
TTCTGLAAGGAAGATTAR-TCCAGGATGGGATC ATGAGTTCAC ATGTCCGCATGATTAAAGGTATTTTCCGGTAGLCG
TTCTGLAAGGAAGATTCA-TCCAGGATGGGATC ATGAGTTCAC ATGTCCGCATGATTAAAGGTATTTTCCGGTAGLCG

HF183F U ATCATGAGTTCACATGTCCG————————————————————————————
Raccoon primer 1 1| = e ATCATGAGTTCAC AT TT A~ ————— - ———
Raccoon primer 2 1| = e ATCATGAGT TG AT TT A~ — - ———

Figure 9.

Sequence alignment dBacteroidessequences from sewage, raccoons,

stormwater. The human specific primer that is used to detect the Rantaroideggenetic
marker is designated as HF183. Raccoons have similar but natadéasepair sequences
as the humaspecific Bacteroides Sequences identical to the hunBexcteroidesfound in

sewageawvere found in two stormwater outfalls, demonstrating the presence of sewage ¢
sites
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The McLellan Bacterial Geneticd aboratory sequence8acteroidesspp. from stormwater
samples at SOC01A and SWWA13 to compare to the sequences obtained from sewage and
raccoons. The humanBacteroidesgenetic markepresent in stormwatanatched the human

maker in sewageOther similar (but not identicaBacteroidesspp.werefound tobe carried by

either raccoon or humarsit it can beconcludedfrom these resultghat while raccoonfecal

waste may be presemt stormwaterit does notaccountor cross reactwith the positive human
specific Bacteroidesgenetic marke also found in stormwaterand therefore is not being
misidentified as a human derived bacteria source.

4.8.2 Milorganite Analysis

Milorganite®, dry granularorganic fertilizer manufactured from wastewater biosolids, can be
applied to lawns, gardenand parks. During heavy rainfall, stormwater runoff could wash
Milorganité® into the stormwater systemBecauseMilorganite® is made from microbes used to
breakdown human waste during the wastewater treatment process it was necessary to consider
whetherthe application oMilorganité® and potential for some subsequent surfaceofticould
producefalse positives for the humabBacteroidesgenetic marker in stormwater sampl@®
investigate this possibilita sample oMilorganite® received directly frorMMSD was analyzed
using PCR forE. coli, Bacteroidesspp., humarspecific Bacteroidesand total bacteria. All of
these genetic targets could be detectéd the Milorganit® sample however, 10 grams of
undiluted Milorganité® was necessanfor the analys. This means, in a typical stormwater
samplevolumeof 200 nilliliters, at leastLO g of Milorganit& would need to be present to obtain

a positivehuman specifi®acterotlesresult. A concentration of Morganite® this high would

not typically be foundin the environmentand terefore it is concluded that the standard
application ofMilorgarite® could notcau® the positiveresults for humamBacteroidesgenetic
markerbeing foundn stormwateisamples throughout the Great Milwaukee Watersheds.

5.0 SUCCESSESI Highlighted Case Studies

The research conducted by tMzlLellan Bacterial Geneticd aboratory in conjunction with
MMSD has resulted in several reabrld applications throughout the Milwaukee metropolitan
area.

e Miller Park In 2006, astonwat er out f al I t hat was sampl ed
monitoring program was suspected to have sanitary sewage contamination based upon
humanBacteroideggenetic marker testing performed by the McLellan Laboratory. A total of
14 of the 15 samplesken were positive for the hum&acteroidesgenetic markerDye
testing was conducted in March @D07 and an illicit connection was identified that
connected a portion of the stadium (luxury box sanitary facilities) to a stormwater line that
dischargedd the Menomonee River. After the crasmnection issue was remediated, the
McLellan Laboratory analyzed 60 additional samples to confirm the -coossection was
remediated properly. The culture counts dropped significantly and the rBacéeroides
geretic marker was only found in 7% of samples. It can be concluded that this site has been
remediated. These low levels are considered background levels in the environment.
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e State Fair The McLellanBacterial Geneticdaboratory analyzed samplesllectal by
MMSD from the Wisconsin Statéairgroundsn 2007 and 2008 Samples were takdrom
storm sewers and Honey Cregile, during, and positate Fairduring wet and dry weather
and analyzedvere for microbiological and molecular data, including quaaéfion on a
subset of samples from 2008 (See memos McLellan and Sauer, Bacterial Investigation of
State Fair Park for data and further information). Since the implementation of the sampling
program, Wisconsin State Fair has implemented several best masrgigeractices to reduce
contaminated runoff (e.g. street sweeping, covering manholes, containment of barnyard
animals, and monitoring portablathrooms and RV waste hoaoips) which have proven to
reduce bacterial loads. However, high bacterial loadsthegresences of thuman
Bacteroidesgenetic marker were detected in samples febtomwater sewersoming from
surrounding communiti¢sMilwaukee and West Allisjnto State Fair Park. These areas
should be further investigated for the source of comtatian.

e Honey Creek N 72nd Street and Mt Vernon Aveln a separate investigation prompted by
early results of this study the City of Milwaukee began an investigation of the area Hear 72
Street and Mt Vernon Avenue using smoke and dye testing leeoagsnsistent detection
of the humarBacteroidegyenetic marker. In this case, the sanitary sewer line was directly
on top of the stormwater line atdth had multiple cracks. The lines were televised during
dye testing and showed exfiltration from enitary linewith migrationinto the stormwater
lines at several points. The sanitary sewer pipes have since been lined and the area is
currently being retested.

o Atwater Beach As part of the McLel |l aWiscansiroSer at or vy
Grant program, a stormwateutfall located just north of Atwater Beach in the Village of
Shorewood Figure 10) was regularly = —
tested. The stormwater outfall is |

consistently positive for the humap
Bacteroidesgenetic marker, suggesting th:
there is a diect sanitary sewage input. Th
stormwateroutfall discharges to thpublic
swimming beach, therefore posing a hig
risk to human health if the beach remai
open. The McLellanBacterial Genetics
Laboratory has confirmed that the proble

through additionalwater quality testing,
floures@in dye testing and smoke testing.
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6.0 COMMUNICATIONS AND WORKING RELATIONSHIPS

Since water quality issues, particularly Aomint source pollution, are not confinegl political
boundaries it is imperative that there is a constant exchange of current water resource
management data between agencies. Coordinating water quality data among stakeholder
agencies is both environmentally and economically benefitiatoadens our overall knowledge

of water quality challenges within the region, and reducesctiance of duplicating efforts,
efficient monitoring data and management efforts allownicipalities to allot additional
financial resources towards water quality noyement projects rather than water quality studies.

We provide technical expertise, community education, and/or work directly with:
Milwaukee Metropolitan Searage District
Wisconsin Department of Natural Resources
City of Milwaukee

Milwaukee County

City of Racine

Village of Shorewood

City of Wauwatosa

Milwaukee Riverkeepers

Urban Ecology Center

Wisconsin State Fair

Discovery World

Wisconsin Initiative for Climate Change Impacts
Southeastern Wisconsin Watersheds Trust
Institute for Service Learning, UW

MillerCoors Brewing company
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7.0 CONCLUSIONS & RECOMMENDATIONS

In most urban areagasmwatercollection & conveyance systems are separated from sanitary
sewage systems and are designed to capture storm rwraffdoftops, parking lots, and other
impervious surfaceand dischargeit directly to nearby waterways virtually untreated (rather
recently new regulatons requirestormwater best management practitesimprove water
quality). Sanitary sewage should rixg present iseparate stormwater collection & conveyance
systens. However, this study demonstrates that human sewage contamiisatiothe local
stormwater collection & conveyance systems arid ihwidespread throughout th@&reater
Milwaukee Metropatan area Nearly twothirds of the stormwateroutfalls the McLellan
Bacterial Genetickaboratory investigated are categorized as high priority for further follow up
(Table 6).

These results indicate a persisteaaiurce of bacteria contamination to Laht Creek,and the
Kinnickinnic and Menomonee River watersheds from a sangawageorigin. Direct private
lateral connections to the storm sewer could be one possibility for the high bacteriatoounts
these and other locationsA more likely scenarias failing sanitary sewersr privatelaterals
which are allowing seepage of sanitary contamination to reach the storm seeethere was

no visible physical evidence of sanitary waste at any of the storm sewer outfalls exatarrep

this investigatio. Older residential areas could have exfiltration occurring from led&tacals,
sanitarysewerpipes or poor connections/seals due to subsidendeterioration Migration of
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sanitary waste into the starsewers can occur thouggraking joints poor connectionsor from
foundationdrains andsump pumps connected to the storm sewer. This transfer of contaminated
seepage can be accelerated during wet weather or even when lawns are wederasely

wet weatherhas been shown regionally to besoure of significant clear water infiltration
entering the sanitary sewer systeéhereby potentially contributing to sanitary sewer overflows.
Another possibility for contamination is thormer local sanitargewerbypasdocations; those
that have been skea and properly retired (e.g. no longer being used byotted municipality)
years or evewlecades agbut couldhavedeteriorated over time anday beseeping or leaking
into closdoy storm sewersAll of these factors could be contributing to the firgdirof this study;
thereforeadditional testingwill help determine exact causes for the sanitary contamination in
stormwater and water bodies.

Human sewage contaminatiggposes a public health risk due to the likelihood of pathogen
occurrence. It is imgrative that the causes are discovered and documented in order to plan and
design solutions to correct the problems. Specific conclusions and recommendations are as
follows:

(1) Investigate sanitary and storm sewers infrastructure integrity by comnuginity traditional
engineering approaches (dye testing, smoke testing, etc.) in areas of the stormwater collection &
conveyance system where stormwater has shown evidence of chronic sanitary sewage
discharges. This project has identifigdproximately 41 lgh priority stormwater outfalls of the

62 investigated. Stormwater outfalls that tested positive for the hurBacteroidesgenetic

marker most frequently should be a high priority for follow up investigation by the locally
responsible communities. Additial stormwater outfalls in these high priority areas should also

be tested (see recommendation #2). A concentrated investigative effort in the stormwater system
may provide valuable insight into the nature of infrastructure failures (sanitary seweteramd s
sewers) in the urban environment.

(2) Broaden the investigation in areas of concern using quantitative methods to identify the
stormwater outfalls and locations within the stormwater collection & conveyance system that
have significant sanitary semge contamination. There are specific areas of concern; Lake
Michigan, Lincoln Creek, Menomonee and Kinnickinnic watersheds. This study has only
investigated a very small fraction of the stormwater system within these areas. Stormwater
outfalls should berioritized using quantitative results for the hunBacteroideggenetic marker

by gPCR. A comprehensive investigative effort in the stormwater collection & conveyance
systems that discharge to these receiving waters should be conducted to guide @orrotilati
watershed management plans and improvement/restoration goals.

(3) Perform human virus testing in conjunction with hunmdacteroidesgenetic marker
sampling. The McLellaBacterial Genetickaboratory found that conducting virus testing on a
small wlume of stormwater is feasible; it was found that the same concentration of human
derived viruses found in sewage was also present in one stormwater sample. Quantification of
human viruses will provide the basis for assessment of public health risksasebogith
sanitary sewage discharges caused either by illicit connections or failing integrity of the
associated infrastructure.
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(4) Identify hydrological, physical, and meteorological parameters that correlate with high levels
of sanitary sewage contamation in stormwater outfalls to better understand the conditions that
favor contamination processes. Findings from this research demonstrate that the human
Bacteroidessignal is intermittent; suggesting that exfiltration of sewage from sanitary sewer
systems and subsequent migration into stormwater collection & conveyance systems is the
mechanism in which contamination occurs. Mapping infrastructure age using geographical
information systems (GIS) in conjunction with sanitary sewage detection in st@mwat
collection & conveyance systems may provide insight into relationships between sanitary sewer
system age and lack of integrity, which would help prioritize capital improvement investments.

(5) Quantify the overall human contribution to fecal pollutianLincoln Creek, Menomonee
River and Kinnickinnic River and correlate levels with hydrological and climate parameters.
Determining the contribution of human sources will allow a direct comparison of stormwater
inputs to combined sewer overflows in terofshealth risk. The real time monitoring stations
operated by MMSD and USGS and the sampling capabilities at these stations offer an
investigative platform to accomplish this godlhese sampling stations provide r&ale water
guality data available tthe public (http://v3.mmsd.com/H20Info/index.htinl A quantitative
estimate of sanitary sewage contamination in rivers can serve as a benchmark that can be used to
evaluate the effectiveness of maeagent strategies that are formulated and implemented
through stakeholder groups like Watershed Action Teams (WATs) of the Southeastern
Wisconsin Watersheds Trust (SWWT).

(6) Incorporate estimates of human sources to supplement fecal coliform levelsuna fut
modeling efforts. Considerable effort has been invested in defining fecal coliform loads in
relation to specific assessment points contained within the Greater Milwaukee Watersheds.
Information as to the percentage of sanitary sewage contaminatioalation to total fecal
pollution, can be incorporated into modeling efforts as a higher tier of information

(7) Assimilate water quality data (eH. coli) and physical parameters (e.g. age of infrastructure
and diameter of pipe) from the GLWI, MMSCand Milwaukee Riverkeepers into a GIS
database. The GIS database would be ab(&)tperform initial analysis; (23erve as a central
repositoy for geographic data; and (Byoduce visually intuitive map figures that supplement
study findings.

(8) Continue public education and outreach. The McLeBawterial Genetickaboratory works

with the Milwaukee Riverkeepers, the Urban Ecology Center, and other grassroots organizations
to help educate the public and collaborate on citizen monitoring progrdrhs. McLellan
Bacterial Genetickaboratory also continues to maintain a green roof that was funded through
MMSD in 2003 as a demonstration project for others to implement their own stormwadér
reductionfetention strategies.The McLellanBacterial GeneticsLaboratory also provies the

public with tours of the greemof, which serves as an outdoor classroom for GLWI and UWM
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Table 6. Conclusions and recommendations for stormwater sites. A high priority site is a
stormwater site that the hum8acteroideggenetic marker has been detected in more than 50%
of samples. A low priority site is a stormwater site that the huBsaeroideggenetic marker

has been detected in less than 50% of sampl®seAppendix A for sitemaps)

% Positive for
Site Code Human Bacteroides Location Narrative
Honey Creek
HCO1 50% Sampled 200&008 by
74th Street and W. GLWI. High Priority site.
Bennett Ave.
HCO01S 70%
2006 MMSD Honey Creel
Honey Creek @ Bacteria Investigation
McCarty Park Survey. Highpriority site.
HC02 53%
Honey Creek Pkwy. | sampled 200@008 by
& Beloit Rd. GLWI. High priority site.
HCO02S 89%
Honey Creek @ 8% | ;006 vvisD Honey Creel
Street. & |BacteriaInvestigation
Street Survey. High priority site.
HCO03 50%
82nd St. &Arthur Sampled 200@008 by
Ave. GLWI. High priority site.
HCO03S 78%
Honey Creek @ 2006 MMSD Honey Creel
Honey CK Pkwy & Bacteria Investigation
Bluemound Rd. Survey. High priority site.
HCO04 64%
S. 84th St. & WI Sampled 200008 by
Lutheran H.S. GLWI. High priority site.
HCO05 64%
84th Street & Hill Sampled 2002008 by
Street GLWI. High priority site.
HCO06 15%
84th Street & Hill Sampled 200@008 by
Street GLWI. Low priority site.
HCO7 50% N. Honey Creek
Pkwy. & Honey Sampled 200€008 by
Creek GLWI. High priority site.
HCO08 54% N. Honey Creek
Pkwy. & Honey
Creek Sampled 2002008 by
GLWI. High priority site.
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Table 6: continued.

% Positive for

Site Code Human Bacteroides Location Narrative

HIO3b 89% Honey Ck Pkwy @

SW outfall near 80th 2006 MMSD Honey Creel

& Stevenson St Bacteria Investigation
Survey. High priority site.

HI04b 89% Honey Ck Pkwy @ | 2006 MMSD Honey Cree}

79th St. & Mt. Vernon Bacteria Investigation
Survey. In 2008,

Ct. from SW .| conducted further testn

corrugated metal pip€ of this outfall with the City
of MKE. Human
Bacteroidesvas detected
during this testing. High
priority site.

HIOSb 11% Honey Creek Parkwa

& Mary Ellen PI. 2006 MMSD Honey Creel

from SW corrugated | gacteria Investigation

metal pipe Survey. Low prioty site.

Ext 6d priority site.

Kinnickinnic River
KI02S 100% KK River @ 35th & | Sampled by MMSD in

Manitoba St 2008. High Priority Site,
continue sampling along
with corresponding inline
site (SKKO).

KI05S 100% KK River @ 60th & | Sampled by MMSD in
continue sampling along
with corresponding inline
site (SLPO1A).

KKO1 67% KK River Pkwy. &

33rd St. Sampled 200@008 by
GLWI. High priority site.
KKO02 67% KK River Pkwy. &
35th St. Sampled 200@008 by
GLWI. High priority site.

KKO03 78% KK River Pkwy. &

Forest Home Ave. Sampled 200@008 by
GLWI. High priority site.
KK04 56% KK River Pkwy. &
Forest Home Ave. Sampled 200€008 by
GLWI. High priority site
Lincoln Ave 2008. High priority site.
S4301A 34% 400 W. Lincoln Ave. | Sampled by MMSD in

2007and 2008. Low
priority site.
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Table 6: continued.

% Positive for

Site Code Human Bacteroides Location Narrative
S4302A 18% 44" st. & Burnham | Sampled by MMSD in
2007. Low priority site.
SKKO01A 95% 35" St. & Manitoba | Sampled by MMSD in
2007and 2008. High
Priority Site
SLPO1A 76% 61° St. and Harrison | Sampled by MMSD in
Ave. 2007and 2008. High
priority Ste. 2007 replicatg
samples were isolated
using different kit, found
additional positives, 76%
of samples positive for
humanBacteroidess an
underestimate
Lake Michigan
SWMI04 65% 3500 S. Lake Dr. @ | Sampled by MMSD in
Bay View Park 2007. ngh prioritysite.
2007 replicate samples
were isolated using
different kit, found
additional positives, 65%
of samples positive for
humanBacteroidesn an
underestimate.
SWWBO09 75% 4939 N. Newhall
Menomonee River
MNO1 33% Honey Creek Pkwy. Sample 2007 and 2008
& S. 68th St. by GLWI. Low priority
site.
MNO4 69% Men River Pkwy. &
90th St. Sampled 2002008 by
GLWI. High priority site.
MNO6 56% Hart Park Sampled 2007 and 2008
by GLWI. High priority
site.
MNO7 67% N. 68th & Men River Sampled 2007 ar@008
Pkwy. by GLWI. High priority
site.
Harding Blvd. 2008. High priority site.
MNI02S 83% Men Rvr @ West
Cfsnter St. & Men Sampled by MMSD in
River Pkwy 2008. High priority site.
MNIO3S 67% Men Rvr @ N 69th

St. & Men Rvr Pkwy

Sampled by MMSD in
2008. High priority site.
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Table 6: continued.

Site Code

% Positive for

Human Bacteroides

Location

Narrative

SMNO1A

48%

10435 Concordia
Ave.

Sampled by MMSD in
2008. Low priority site.

SMNO2A

72%

69"SttExt 6 d
Park Lane

a

Sampled by MMSD in
2008. High priority site.

SMNO3A

100%

Center St. & 97 St.

Sampled by MMSD in
2008. High priority site.

SMNO4A

93%

96" & Center St.

Sampled by MMSD in
2008. High priority site.

RI32S

71%

North Ave. & Mt.
Kisco Dr.

Sampled by MMSD in
2008. High priority site.

SWMI18

93% (Before)
7% (After)

Miller Park East
Parking Lot at the
Sausage House

Sampled by MMSD in
2006 and 2007. Found a
crossconnection problem
at Miller Park. The
problem was fixed in
2007. Low priority site,
low cell counts coupled
with low percentage of
positive Human
Bacteroidegesults sugges
that the problem has beer
solved and does not need
further investigation.

SWWA13

89%

Ridge Blvd. &
Harding Blvd.

Sampled by MMSD in
2007 (polutographs) and
2008. It was suspected th
raccoons could be causin
a false positive at this
outfall. After sequencing,
it was determined that
raccoons do not cross
react with Human
BacteroidesHigh priority
site.

Milwaukee River

MWO01

60%

Green Tree R. &
River Rd.

Sampled by MMSD in
2007 and 2008 by GLWI.
High priority site.

MWR1

14%

Bender Rd. & N.
Sunny Point Rd.

Sampled by MMSD in
2007 and 2008 by GLWI.
Only found a positive at
this site during CSO in
June 2008. Low priority
site. This site doasot
need further investigation
except during a CSO/SSC
event.
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Table 6: continued.

% Positive for
Site Code Human Bacteroides Location Narrative
Oak Creek
0OC03s 57% Oak Ck. @ Forest Hil
Road Sampled by MMSD in
2008. High priority si.
0OCo04s 43% Oak Ck @
Pennsylvania Ave. Sampled by MMSD in
2008. Low priority site.
SOCO01A 44% 2345 E. Montana Sampled by MMSD in
Ave. 2007 and 2008. In 2008, i
was suspected that
raccoons could be causin
a false positive at this
outfall. After sequecing,
it was determined that
raccoons do not cross
react with Human
Bacteroides Low priority
site.
0
SOCO02A 33% S. Shedpard Ave. | g.ied by MMSD in
Ext od & HW2007and2008. Low
Ext 6d. priority site.
Lincoln Creek
SLCO1A 28% Mill Rd. & 51° St. Sampled by MMSD in
2007 and 2008. Low
priority site.
SLC02A 32% 49" St. & Mill Rd. Sampled by MMSD in
2008. Low priority site.
LCO02S 86% Lincoln Ck @ Mill
Rd near 51st &
Woolworth Av. Sampled by MMSD in
2008. High priority site.
LC04S 100% Linclon Ck @ 47th St| Sampled by MMSD in
and & Congress St. 2008. High priority site,
continue sampling along
with corresponding inline
site (SWMI07).
SWMIO7 88% 4345 N. 47 St. Sampled by MMSD in
2007 and 2008. In 2008,
viruses were detected at
the same concémation as
human sewage. High
priority site.
Underwood Creek
Curtis Rd. 2007. Low priority site.
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Table 6: continued.

% Positive for

Site Code Human Bacteroides Location Narrative
& HWY 10 0 |2008. High priority site.
uco2s 43% Sampled by MMSD in
2008. Low priority site.

UNDO1 60% [-94 East Bank Sampled in 2006 and 200
by GLWI. High priority
site.

UNDO2 0% Bluemound Ave. & | Sampled in 2006 and 200

124" st. by GLWI. Low priority
site, further investigation
not recommended.

UNDO3 63% Underwood Ck Pkwy.| Sampled in 2006 and 200

& 115" st. by GLWI. High priority
site.

UNDO4 60% Fisher Pkwy. 108 St. | Sampled in 2006 and 200
by GLWI. High priority
site.

UNDR1 0% Pedestrian Bridge | Sampled in 2007 by

North Branch of
Watertown Plank Rd.

GLWI. Low priority site,
further investigation not
recommended.
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Stormwater Sites and Locations
(2006:2008)
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2006 MMSD STORMWATER MONITORING SITES*

MAP SITE
ID ID LOCATION COMMUNITY | Receiving Water
01 |SWMIO1 LINCOLN MEMORIAL DR. AND CARFERRY DR. (Stormwater discharge to Lake Michigan) INACTIVE SINCE 2005 Milwaukee Lake Michigan
02 |SWMI02 1700 N. LINCOLN MEMORIAL DR. @ LAFAYETTE HILL RD. (Stormwater to Lake @ McKinley Marina) INACTIVE SINCE 2005 Milwaukee Lake Michigan
03 |SWFR03 |54TH AND ASHLAND (Stormwater to Franklin Park to detention pond) Franklin Root River
04 |SWMI04 3500 S. LAKE DR. @ BAY VIEW PARK (Stormwater to Lake across from St. Francis Seminary) Milwaukee Lake Michigan
05 [SWMI05 1200 E. SINGER CIR. (Stormwater to Milw. River @ Kern Park) INACTIVE SINCE 2003 Milwaukee Milwuakee River
06 [SWMI06 MILW CNTY. ZOO (Stormwater to Underwood Creek across from Moose Encl.) Milwaukee Underwood Creek
07 |SWMI07** [4345 N. 47TH ST. (Stormwater to Lincoln Creek) Milwaukee Lincoln Creek
08 [SWMI08 HAMPTON AND LINCOLN CR. PARKWAY (Stormwater to Lincoln Creek under bridge) INACTIVE SINCE 2002 Milwaukee Lincoln Creek
09 |SWWB09 [4939 N. NEWHALL (Stormwater to Lake @ Big Bay Park) Whitefish Bay |Lake Michigan
10 |SWGF10 |BOERNER BOTANICAL GARDENS FORMERLY 10007 W. MEADOW DR. (Stormwater to Root River) INACTIVE SINCE 2005 Greenfield Detention Pond
11 |SWNB11 |13380 EAGLE TRACE AND TIMBER RIDGE (Stormwater to wetland residential site) New Berlin Detention Pond
12 |[SWMI12 3275 S. 72ND ST. (Stormwater to Honey Creek) INACTIVE IN 2006 Milwaukee Honey Creek
13 [SWWA13**|RIDGE BLVD. AND HARDING BLVD. (Stormwater to Menomonee River Parkway) Wauwatosa Menomonee River
14 |SWSF14 |LAKE DR. AND TESCH AVE. (Stormwater to Lake Michigan) INACTIVE SINCE 2003 St. Francis Lake Michigan
15 [SWMI15** |42ND AND MT. VERNON (1-94 x-way Stormwater to Menomonee River) Milwaukee Menomonee River
16 |SWMIL16 MARQUETTE INTERCHANGE INACTIVE SINCE 2005 Milwaukee Menomonee River
17 |SWWAL17 |71ST AND CHESTNUT ST. (Stormwater to Menomonee River) INACTIVE IN 2006 Wauwatosa Menomonee River
18 [SWMI18** |MILLER PARK EAST PARKING LOT AT THE SAUSAGE HOUSE (Stormwater to Menomonee River) Milwaukee Menomonee River
19 [SWMI19 LINCOLN MEMORIAL DR. AND PICNIC POINT (Stormwater discharge to Lake Michigan) INACTIVE IN 2006 Milwaukee Lake Michigan
20 [SWWA20 |DANA CT. AND 83RD ST. EXT'D (Stormwater to Honey Creek) Wauwatosa Honey Creek

* The Stormwater Monitoring Program started in 2000. A maximum of ten sites are sampled annually.
** These sites are used for "Stormwater Pollutograph Event". They are monitored and sampled throughout the hydrograph of the event.
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2007 MMSD Stormwater Monitoring Sites

In-line In-stream
Monitoring Receiving Monitoring
Site ID Location Waters Site ID Location GLWI Site
43rd St. Ditch -
4000 W. Lincoln Kinnickinnic 43rd Street &
S4301A Ave. River RI33 Lincoln Av n/a
43rd St. Ditch -
Kinnickinnic
S4302A 44th and Burnham River RI33 n/a n/a
Underwood Ck @
Fairview Ext'd. and Underwood 121st & Underwood
SUCO01A Curtis Rd. Creek ucCo5 Pkwy. UNDO1
Lyons Park
Creek -
61st and Harrison Kinnickinnic no site
SLPO1A Ave. River selected n/a n/a
2345 E. Montana Oak Creek @
SOCO01A Ave. Oak Creek 0C04 Pennsylvania Ave n/a
S. Sheppard Ext'd Oak Creek @ Forest
SOC02A | and Hwy 100 Ext'd Oak Creek 0C03 Hill Road n/a
Lincoln Creek @
Mill Rd near 51st St
SLCO1A Mill Rd. and 51st Lincoln Creek LC02 & Woolworth Av n/a
Kinnickinnic KK River @ 27th
SKKO1A 35th & Manitoba River RI12 Street n/a
Bay View
Outfall
Bay View Park - no site Beach
SWMI04 3500 S. Lake Dr. Lake Michigan selected n/a Sampling
Lincoln Ck @
N.47th St &
SWMI07 4345 N. 47th St. Lincoln Creek LC04 Congress n/a
Big Bay
Outfall
Big Bay Park - no site Beach
SWWB09 4939 N. Newhall Lake Michigan selected n/a Sampling
Miller Park East
Parking Lot at Menomonee no site
SWMI18 Sausage House River selected n/a n/a
Ridge and Harding Menomonee Men River @ Ridge
SWWA13 Blvd. River MNIO1S & Harding n/a
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@% Vo 2

Grange
Ramsay
Colk

stcheld Bsld Dvatn e

Y f"'_vﬁ,

Pearing

FIGURE # -STORM WATER MONITORING SURVEY

D Municipal Boundary

l___] Combined Sewer Service Area
MW Watercourse

F - Legend
e LAY @ In-Line Stormwater Monitoring Site
Deteasof 102008 A In-Stream Monitoring Site

A-6



2008 MMSD Stormwater Monitoring Sites

Inline In-Stream
Monitoring Receiving | Monitoring
Site Location Waters Site Location GLWI Site
Ridge Blvd and Menomonee Men River @ Ridge
SWWA13 Harding River MNIO1S & Harding n/a
10435 Concordia Menomonee Men River @
SMNO1A Ave. River RI32S Burleigh Av n/a
69"Ext 6d arn Menomonee Men. River @ N. 69th
SMNO2A Park LaneExt 6 River MNIO3S St & Men Pkwy MNQ7
Men River @ W.
Center St. and 97" Menomonee Center & Men River
SMNO3A St. River MNI02S Pkwy n/a
Men River @ W.
Menomonee Center & Men River
SMNO4A 96" and Center St. River MNI02S Pkwy n/a
Underwood Ck @
North Ave. and Mt. Underwood Marcella Rd (west of
SUCO02A Kisco Dr. Creek uco2s Llly Rd) n/a
2345 E. Montana Oak Creek @
SOCO01A Ave. Oak Creek 0C04s Pennsylvania Ave n/a
S. Shepard Ave. extd Oak Creek @ Forest
SOCO02A and HWY 100 extd. | Oak Creek 0C03s Hill Road n/a
Lincoln Lincoln Ck @ 47th &
SWMI07 4345 N. 47 St. Creek LC04S Congress St. n/a
Lincoln Creek @ Mill
Lincoln Rd near 51st St &
SLCO2A 49" and Mill Creek LC02S Woolworth Av n/a
Big Bay
Outfall
Lake Beach
SWWB09 4939 N. Newhall Mi chigan None n/a Sampling
Kinnickinnic KK River @ KK Rvr
SKKO1A 35" and Manitoba River K102S Pkwy & 35th St KK02
Lyons Park 62°and | Kinnickinnic KK River @ 60th St
SLPO1A Harrison River KI05S & KK Rvr Pkwy n/a
43rd St 43rd St. Ditch @
S4301A 43rd Street Ditch Ditch RI33S Lincoln Av n/a
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Storter SamplSites along
North Branch of Honey Creek %
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Srmwater Sample Sites along

the Milwaukee River
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