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BACKGROUNDBACKGROUND

IEPA is conducting a Use Attainability IEPA is conducting a Use Attainability 
Analysis (UAA) on the Chicago Area Analysis (UAA) on the Chicago Area 
Waterways Waterways 

IEPA will determine the need for IEPA will determine the need for 
bacterial water quality standardsbacterial water quality standards

This District study This District study is done to assist is done to assist 
IEPA in making its determinationIEPA in making its determination



STUDY OBJECTIVESSTUDY OBJECTIVES
Conduct a comparative risk assessment of the human Conduct a comparative risk assessment of the human 
health  impact of not disinfecting versus disinfecting the health  impact of not disinfecting versus disinfecting the 
effluents from the Calumet, North Side and Stickney effluents from the Calumet, North Side and Stickney 
Water Reclamation Plans (WRPs):Water Reclamation Plans (WRPs):

1.1. Quantify the decrease if any in the incidence of Quantify the decrease if any in the incidence of 
disease to a representative recreational user of the disease to a representative recreational user of the 
CWS if effluent disinfection is initiated CWS if effluent disinfection is initiated 

2.2. Quantify the decrease if any in the incidence of Quantify the decrease if any in the incidence of 
disease that could be predicted for the entire disease that could be predicted for the entire 
number of estimated recreational users of the CWS number of estimated recreational users of the CWS 
if effluent disinfection is initiatedif effluent disinfection is initiated



PATHOGEN SOURCES IN THE CWSPATHOGEN SOURCES IN THE CWS
SSources that contribute to the presence of ources that contribute to the presence of 
pathogens in the waterways include:pathogens in the waterways include:
1.1. Faulty sewage disposal systemsFaulty sewage disposal systems
2.2. Combined sewer overflows (CSOs)Combined sewer overflows (CSOs)
3.3. Wild and domestic animal wasteWild and domestic animal waste
4.4. Illegal discharges to drains and sewersIllegal discharges to drains and sewers
5.5. Storm water runoffStorm water runoff
6.6. Treated, but nonTreated, but non--disinfected wastewater disinfected wastewater 

effluenteffluent

Source: Source: http://www.ChicagoAreaWaterways.orghttp://www.ChicagoAreaWaterways.org

http://www.chicagoareawaterways.org/


WATERWAY USEWATERWAY USE

Designated uses of the CWS include:Designated uses of the CWS include:
1.1. Recreational boatingRecreational boating
2.2. CanoeingCanoeing
3.3. Fishing Fishing 
4.4. Other streamside recreational activitiesOther streamside recreational activities
5.5. Aquatic habitat for wildlifeAquatic habitat for wildlife

Swimming and other primary contact recreation Swimming and other primary contact recreation 
is is notnot a designated use of the CWSa designated use of the CWS



PROJECT STRATEGYPROJECT STRATEGY

1.1. Dry/wet weather effectsDry/wet weather effects
2.2. Barge and boat traffic effects (such as Barge and boat traffic effects (such as 

sediment resediment re--suspension)suspension)
3.3. Use UAA recreational user survey data Use UAA recreational user survey data 
4.4. Compile disinfection technology Compile disinfection technology 

performance data for pathogensperformance data for pathogens
5.5. Obtain the minimal infectious dose Obtain the minimal infectious dose 

results from the peer reviewed literatureresults from the peer reviewed literature





PROJECT TEAMPROJECT TEAM DISCIPLINESDISCIPLINES

Risk assessment Risk assessment 
Statistical analysis of analytical results Statistical analysis of analytical results 
Environmental microbiology Environmental microbiology 
Virology Virology 
EpidemiologyEpidemiology
Development of sampling, analysis and quality Development of sampling, analysis and quality 
assurance plansassurance plans
Microbial water samplingMicrobial water sampling
Water resources Water resources 
DisinfectionDisinfection
Environmental engineering Environmental engineering 
Environmental laws and regulations Environmental laws and regulations 



OVERVIEWOVERVIEW
Dry/Wet Weather Microbial SamplingDry/Wet Weather Microbial Sampling

Microbial Characterization/AnalysisMicrobial Characterization/Analysis

Risk AssessmentRisk Assessment
1.1. Exposure Assessment OverviewExposure Assessment Overview
2.2. Dose Response OverviewDose Response Overview
3.3. Risk Characterization ApproachRisk Characterization Approach
4.4. Risk Assessment ResultsRisk Assessment Results



DRY WEATHER SAMPLINGDRY WEATHER SAMPLING
Five weekly sampling events Five weekly sampling events (July(July--September 2005)September 2005)

Each event included sampling at North Side, Stickney, and CalumeEach event included sampling at North Side, Stickney, and Calumet t 

Five samples were collected at each WRP :Five samples were collected at each WRP :
Two upstream (surface and 1Two upstream (surface and 1--meter depth) meter depth) 
(composites from the left side, center and right side) (composites from the left side, center and right side) 

Two downstream (surface and 1Two downstream (surface and 1--meter depth) meter depth) 
(composites from the left side, center and right side) (composites from the left side, center and right side) 

One at the outfall One at the outfall (six hour composites)(six hour composites)

Seventy five samples were collected (five events x 15 samples peSeventy five samples were collected (five events x 15 samples per r 
event)event)



Sampling Crew Training Sampling Crew Training 
by by 

Dr. Gerba (Dr. Gerba (University of University of 

ArizonaArizona))



Chicago Area WaterwaysChicago Area Waterways



North Side WRPNorth Side WRP



Stickney WRPStickney WRP



Calumet WRPCalumet WRP



MICROBIAL TEST RESULTSMICROBIAL TEST RESULTS

Enteric viruses: i) total culturable Enteric viruses: i) total culturable 
viruses, (ii) adenovirus; and (iii) viruses, (ii) adenovirus; and (iii) 
caliciviruscalicivirus
CryptosporidiumCryptosporidium parvumparvum and and Giardia Giardia 
lamblialamblia
SalmonellaSalmonella
PseudomonasPseudomonas aeruginosaaeruginosa
Fecal coliforms Fecal coliforms 
EscherichiaEscherichia colicoli
EnterococciEnterococci



Summary of Protozoa Results
No infectious No infectious Cryptosporidium Cryptosporidium oocysts were detected oocysts were detected 
in the samples analyzedin the samples analyzed

Most Most GiardiaGiardia cysts found in the samples at all sites cysts found in the samples at all sites 
were nonwere non--viableviable

Outfall samples at the Stickney and North Side WRPs Outfall samples at the Stickney and North Side WRPs 
contained the highest level of viable cystscontained the highest level of viable cysts

Viable cysts were also found in upstream samples at Viable cysts were also found in upstream samples at 
North Side and StickneyNorth Side and Stickney

Not all viable Not all viable GiardiaGiardia cysts are capable of causing cysts are capable of causing 
infection infection 



Virus ResultsVirus Results
Positive (%)Positive (%) Cell LineCell Line VirusVirus

2323 BGMBGM Enteric virusesEnteric viruses

5656 PLC/PRF5PLC/PRF5 Total CulturableTotal Culturable
4141 [[PCR confirmation]PCR confirmation] AdenovirusAdenovirus

77 PCRPCR CalicivirusCalicivirus



1/25 (4%)1/25 (4%)
NDND
NDND
781 PCRMPN/100L781 PCRMPN/100L

3/25(12%)3/25(12%)
181181--511511PCRMPN/100LPCRMPN/100L

176 PCRMPN/100L176 PCRMPN/100L
NDND

1/25 (4%)1/25 (4%)
NDND
NDND
35,000 PCRMPN/100L35,000 PCRMPN/100L

CalicivirusCalicivirus
UpstreamUpstream
DownstreamDownstream
OutfallOutfall

6/25 (24%)6/25 (24%)
<1MPN/100L<1MPN/100L
1.311.31--3.05MPN/100L3.05MPN/100L
7.527.52--15.5MPN/100L15.5MPN/100L

13/25 (52%)13/25 (52%)
1111--117MPN/100L117MPN/100L
1.391.39--112MPN/100L112MPN/100L
8.398.39--36.9MPN/100L36.9MPN/100L

12/25 (48%)12/25 (48%)
1.51.5--2.94MPN/100L2.94MPN/100L
5.035.03--27.6MPN/100L27.6MPN/100L
45.145.1--256MPN/100L256MPN/100L

AdenovirusAdenovirus
UpstreamUpstream
DownstreamDownstream
OutfallOutfall

3/25 (12%)3/25 (12%)
1.04MPN/100L1.04MPN/100L
1.04MPN/100L1.04MPN/100L
1.02MPN/100L1.02MPN/100L

6/25 (24%)6/25 (24%)
1.031.03--3.25 MPN/100L3.25 MPN/100L
1.021.02--1.03MPN/100L1.03MPN/100L
<1MPN/100L<1MPN/100L

8/25 (29%)8/25 (29%)
1.041.04--3.25MPN/100L3.25MPN/100L
2.12 2.12 --16.07MPN/100L16.07MPN/100L
1.33MPN/77.14L1.33MPN/77.14L--21MPN/84.9L21MPN/84.9L

EntericEnteric
UpstreamUpstream
DownstreamDownstream
OutfallOutfall

CalumetCalumetStickneyStickneyNorth SideNorth SideVirusVirus



BACTERIA RESULTS OVERVIEWBACTERIA RESULTS OVERVIEW

Geometric MeansGeometric Means

Analysis of Variance (ANOVA)Analysis of Variance (ANOVA)
Site: North Side, Stickney, CalumetSite: North Side, Stickney, Calumet
Location: Upstream, DownstreamLocation: Upstream, Downstream
Depth: Surface, 1 meterDepth: Surface, 1 meter

Pathogen/Indicator Correlations Pathogen/Indicator Correlations 









ANOVA : E. coli versus Site, Location, Depth  
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Correlations Of In-Stream Bacteria Correlations
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SUMMARY OF BACTERIA RESULTSSUMMARY OF BACTERIA RESULTS
The concentrations at North Side, Stickney, and The concentrations at North Side, Stickney, and 
Calumet are statistically differentCalumet are statistically different

The concentrations upstream are statistically The concentrations upstream are statistically 
different (lower) than the concentrations different (lower) than the concentrations 
downstreamdownstream

There is no statistical difference in bacteria There is no statistical difference in bacteria 
concentrations by depth (1concentrations by depth (1--meter and surface)meter and surface)

There is a good correlation between There is a good correlation between E. coli  E. coli  and and 
fecal coliform concentrationsfecal coliform concentrations



WET WEATHER SAMPLING OBJECTIVESWET WEATHER SAMPLING OBJECTIVES

Evaluate the impact of Pumping Station CSOs Evaluate the impact of Pumping Station CSOs 
and other wet weather impacts on the and other wet weather impacts on the 
microbial quality of the CWSmicrobial quality of the CWS

Estimate pathogen risk to recreational users of Estimate pathogen risk to recreational users of 
the CWS due to wet weather conditionsthe CWS due to wet weather conditions



WET WEATHER SAMPLINGWET WEATHER SAMPLING
Nine sampling events Nine sampling events (June(June--October)October)

Five waterway sampling locations and Five waterway sampling locations and 
outfalloutfall

Analyze for the same microorganisms as Analyze for the same microorganisms as 
for dry weatherfor dry weather

Criteria for wet weather samplingCriteria for wet weather sampling





WET WEATHER SAMPLING LOCATIONSWET WEATHER SAMPLING LOCATIONS
Upstream of Stickney WRP at the CSSC

CSSC-Damen Avenue 
CSSC-Cicero Avenue
RAPS outfall 

Downstream of Stickney WRP at the CSSC
CSSC- Harlem Avenue
CSSC-Route 83

Upstream of the Calumet WRP at the Little Calumet
Little Calumet-Indiana Avenue

Downstream of the Calumet WRP at the Little Calumet CSC
Little Calumet-Halsted Street
CSC-Ashland Avenue
CSC-Cicero Avenue
CSC-Route 83

Upstream of the North Side WRP at the NSC
NSC-Oakton Avenue

Downstream of the North Side WRP at the NSC and Chicago River
NSC-Touhy Avenue
NBPS or North Branch-Wilson Avenue 
North Branch-Diversey Parkway
South Branch-Madison Street



Wet Weather Sampling SummaryWet Weather Sampling Summary

11

33

11

OutfallOutfall

5050TotalTotal

161633113311North SideNorth Side

181833004411CalumetCalumet

161633112222StickneyStickney

Total No.Total No.No. of No. of 
EventsEvents

PS PS 
(per event)(per event)

DNS DNS 
(per event)(per event)

UPSUPS
(per event)(per event)

WRPWRP



WET WEATHER SAMPLING PROTOCOLWET WEATHER SAMPLING PROTOCOL

Track storm frontTrack storm front
Wet weather sampling criteriaWet weather sampling criteria

1.1. Following dry period (72Following dry period (72--hour)hour)
2.2. Rainfall depth/duration Rainfall depth/duration --At least 1’’ of At least 1’’ of 

precipitation in a six hour period precipitation in a six hour period 
Alert sampling crewAlert sampling crew
Alert laboratory Alert laboratory 
Trigger monitoringTrigger monitoring



Historical Rainfall DepthHistorical Rainfall Depth



Historical Rainfall Event IntensityHistorical Rainfall Event Intensity



CSO Volumes and Rainfall DepthsCSO Volumes and Rainfall Depths



Dry Weather Risk AssessmentDry Weather Risk Assessment



Risk ComponentsRisk Components
Concentration TermConcentration Term

What are the Levels of Pathogens in the Waterway?What are the Levels of Pathogens in the Waterway?
Spatial distribution (location of exposure)Spatial distribution (location of exposure)
Temporal distribution (CSO, wet weather, dry weather)Temporal distribution (CSO, wet weather, dry weather)

Exposure ParametersExposure Parameters
What is the Dose?What is the Dose?

Type of recreation Type of recreation 
Exposure location (launch point)Exposure location (launch point)
Ingestion rateIngestion rate
Exposure duration Exposure duration 

Dose ResponseDose Response
What is the Relationship Between Dose and Risk? What is the Relationship Between Dose and Risk? 

Primary infectionPrimary infection
Risk of illness given infectionRisk of illness given infection
Secondary transmission Secondary transmission 



Risk CalculationsRisk Calculations

The probability of illness can be calculated by developing The probability of illness can be calculated by developing 
simple average exposure inputs simple average exposure inputs –– Deterministic Analysis.Deterministic Analysis.

Risk = Exposure x PotencyRisk = Exposure x Potency

DurationDurationConcentrationConcentration
DoseDose--ResponseResponse

Ingestion RateIngestion Rate

Use of averages for exposure inputs loses information on Use of averages for exposure inputs loses information on 
the range of exposures possible. the range of exposures possible. 



Probabilistic Risk CalculationProbabilistic Risk Calculation

Input values in the Risk Assessment are represented by a Input values in the Risk Assessment are represented by a 
distribution rather than a single number.  distribution rather than a single number.  

xx

PDFPDF PDFPDF

= Distribution of RisksDistribution of Risks

Monte Carlo analysis (simulations) used to estimate Monte Carlo analysis (simulations) used to estimate 
solutions for mathematical problems with difficult or solutions for mathematical problems with difficult or 

impossible closed form analytical solutions.impossible closed form analytical solutions.



North SideNorth Side

StickneyStickney

Origins Park

This division scheme works This division scheme works 
well with the UAA data and well with the UAA data and 
intended use designations.  intended use designations.  

Waterway is divided Waterway is divided 
in three sections and in three sections and 
designated according designated according 

to the WRP.to the WRP.

Waterway DivisionsWaterway Divisions

CalumetCalumet



Pathogen Concentrations Pathogen Concentrations 

Upstream Data
Downstream Data

The risk assessment requires a The risk assessment requires a 
concentration term for each segmentconcentration term for each segment

In the dry weather assessment, the results were In the dry weather assessment, the results were 
assumed to represent the entire waterway assumed to represent the entire waterway 

segment.  This is a conservative assumption.   segment.  This is a conservative assumption.   
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Concentration Data Inputs Concentration Data Inputs 

The entire pathogen sampling dataset was used as input The entire pathogen sampling dataset was used as input 
for the simulations.  for the simulations.  

For each simulation the data from a single sampling event For each simulation the data from a single sampling event 
was selected to represent that particular recreational users was selected to represent that particular recreational users 
exposure concentration.   exposure concentration.   

The process was repeated a number of times with a The process was repeated a number of times with a 
different randomly selected concentration term used in different randomly selected concentration term used in 
each simulation.  each simulation.  

This data reThis data re--sampling technique is commonly used in sampling technique is commonly used in 
probabilistic risk assessment and accounts for variation in probabilistic risk assessment and accounts for variation in 
the input pathogen concentration data.  the input pathogen concentration data.  



Concentration Data Simulations Concentration Data Simulations 

[Pathogen Level A]

Simulation #1Simulation #1
Compute Outcome 1Compute Outcome 1Randomly Select Waterway Pathogen Randomly Select Waterway Pathogen 

Levels From Dry Weather DatasetLevels From Dry Weather Dataset

[Pathogen Level B]

Simulation #2Simulation #2
Compute Outcome 2Compute Outcome 2Randomly Select Waterway Pathogen Randomly Select Waterway Pathogen 

Levels From Dry Weather DatasetLevels From Dry Weather Dataset

Repeat Process Many TimesRepeat Process Many Times

[Pathogen Level C]

Simulation #nSimulation #n
Compute Outcome nCompute Outcome nRandomly Select Waterway Pathogen Randomly Select Waterway Pathogen 

Levels From Dry Weather DatasetLevels From Dry Weather Dataset

Compile ResultsCompile Results



Exposure AssessmentExposure Assessment

Canoeist Canoeist –– canoe, scullcanoe, scull
Frequent contact with wet items (paddles, boat deck, equipment)Frequent contact with wet items (paddles, boat deck, equipment)
Close proximity to water surfaceClose proximity to water surface
Occasional direct contact with water (hand immersion)Occasional direct contact with water (hand immersion)

Fishing Fishing –– shoreline, powerboat, rowboatshoreline, powerboat, rowboat
Occasional contact with wet items (tackle, boat deck, equipment)Occasional contact with wet items (tackle, boat deck, equipment)
Infrequent direct contact with waterInfrequent direct contact with water

Pleasure Boating Pleasure Boating –– sailboat, powerboat, tour boatssailboat, powerboat, tour boats
Infrequent contact with wet items (boat deck, equipment)Infrequent contact with wet items (boat deck, equipment)
No direct water contactNo direct water contact



Ingestion Rate Ingestion Rate 

Swimming Swimming –– PoolPool

50 mL/hr; 50 mL/hr; USEPA. (1989).  Exposure Factors Handbook. USEPA. (1989).  Exposure Factors Handbook. 

Swimming Swimming -- Recreational WaterRecreational Water

30mL/event;  30mL/event;  Crabtree, K.D., Gerba, C.P., Rose, J.B. and Haas, C.N. Crabtree, K.D., Gerba, C.P., Rose, J.B. and Haas, C.N. 
(1997). Waterborne adenoviruses: a risk assessment. Water Scienc(1997). Waterborne adenoviruses: a risk assessment. Water Science e 
Technology, 35, 1Technology, 35, 1––6. 6. 

30mL/event;30mL/event; Van Heerden, M.M. Ehlers, J.C. Vivier AND W.O.K. Grabow. Van Heerden, M.M. Ehlers, J.C. Vivier AND W.O.K. Grabow. 
(2005). Risk assessment of adenoviruses detected in treated drin(2005). Risk assessment of adenoviruses detected in treated drinking king 
water and recreational water. Journal of Applied Microbiology, 9water and recreational water. Journal of Applied Microbiology, 99, 9269, 926––
933.  933.  



Ingestion RateIngestion Rate

.000

.026

.052

.078

.104

0.0 2.5 5.0 7.5

Canoeist

Fishing

Boating

Ingestion Results from Simulations (mL/hr)Ingestion Results from Simulations (mL/hr)

Incidental ingestion of water developed Incidental ingestion of water developed 
using a lognormal distribution.using a lognormal distribution.

13.8413.843.893.891.951.9595%95%

30.0030.0020.1320.136.436.43100%100%

17.9917.994.514.512.262.2697.5%97.5%

10.1610.163.283.281.641.6490%90%

6.156.152.472.471.231.2375%75%

3.523.521.791.790.900.9050%50%

2.022.021.301.300.650.6525%25%

1.211.210.980.980.490.4910%10%

CanoeingCanoeingFishingFishingBoatingBoatingPercentilesPercentiles

Samples were drawn from Samples were drawn from 
each input distribution.  each input distribution.  



Exposure DurationExposure Duration

Canoeing Canoeing -- Triangular DistributionTriangular Distribution
Minimum 1 hourMinimum 1 hour
Mode 2 hoursMode 2 hours
Maximum 5 hours Mean = 2.67

1.00 2.00 3.00 4.00 5.00
Maximum 5 hours

Fishing Fishing -- Triangular DistributionTriangular Distribution
Minimum 1 hourMinimum 1 hour
Mode 3 hoursMode 3 hours
Maximum 6 hours Mean = 3.33

1.00 2.25 3.50 4.75 6.00

Maximum 6 hours

Pleasure Boating Pleasure Boating -- Triangular DistributionTriangular Distribution
Minimum 1 hourMinimum 1 hour
Mode 4 hoursMode 4 hours
Maximum 8 hours

Mean = 4.33

1.00 2.75 4.50 6.25 8.00

Maximum 8 hours



Exposure Data Exposure Data -- UAA SurveyUAA Survey

Proportion of Recreational Use Proportion of Recreational Use 

52.5%52.5%70.4%70.4%7.6%7.6%Pleasure BoatingPleasure Boating11

47%47%28.4%28.4%72.2%72.2%FishingFishing

0.5%0.5%1.2%1.2%20.2%20.2%CanoeingCanoeing

CalumetCalumetStickneyStickneyNorthsideNorthside

11Based on assumptions of 2.5 users per boatBased on assumptions of 2.5 users per boat



Dose Response ModelsDose Response Models
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Beta Poisson ModelBeta Poisson Model
( )kDexp1P(D) −−=

Exponential ModelExponential Model

Where: D = dose (# organisms)
k = exponential parameter Where: D = dose (# organisms)

α = beta Poisson parameter
N50 = beta Poisson parameter (median infectious dose)

Default; DuPont 1969 Applied MicrobiologyDefault; DuPont 1969 Applied Microbiology50%50%8.60E+078.60E+070.17780.1778Escherichia coliEscherichia coli

Default AssumptionDefault Assumption50%50%23600236000.31260.3126SalmonellaSalmonella

Pickering et al., 1981, J PediatricsPickering et al., 1981, J Pediatrics17%17%50.550.5GiardiaGiardia

Insulander et al., 2005 Scand J Infect DisInsulander et al., 2005 Scand J Infect Dis10%10%238238CryptosporidiumCryptosporidium

Rodriquez et al., 1979, J Infec DisRodriquez et al., 1979, J Infec Dis86%86%6.176.170.2510.251Calicivirus (norovirus)Calicivirus (norovirus)bb

Fox, 1989; Foy, et al 1968Fox, 1989; Foy, et al 196850%50%78.378.3AdenovirusAdenovirusaa

Default Assumption Default Assumption 50%50%78.378.3Total Enteric VirusesTotal Enteric Virusesaa

SourceSourceAttack RateAttack RaterrbbααPathogenPathogen

SecondarySecondarySecondarySecondaryExpo.Expo.ccββ--poissonpoissoncc

a The dose-response for echovirus 12 was used as a surrogate.
b The dose-response for rotovirus was used as a surrogate. 
c Dose-response relationships taken from Haas, 1999. 



Dry Weather Probabilistic Risk AnalysisDry Weather Probabilistic Risk Analysis

Simulation ProcedureSimulation Procedure

1)1) Select a day from waterway concentrations datasetSelect a day from waterway concentrations dataset
2)2) Select an individual’s recreation typeSelect an individual’s recreation type
3)3) Select an exposure locationSelect an exposure location
4)4) Select an exposure durationSelect an exposure duration
5)5) Select an ingestion rateSelect an ingestion rate
6)6) Develop a doseDevelop a dose
7)7) Determine infection/illnessDetermine infection/illness
8)8) Determine secondary illnessesDetermine secondary illnesses

Repeat analysisRepeat analysis
1,000,000 events1,000,000 events

Express results as illnesses per thousand eventsExpress results as illnesses per thousand events



Illness Rates for All PathogensIllness Rates for All Pathogens

Illness Rate Per One Thousand Exposure EventsIllness Rate Per One Thousand Exposure Events

0.6800.6800.7130.7131.0031.003Average Outfall SamplesAverage Outfall Samples

0.0280.0280.1500.1500.2870.287Combined Upstream and Combined Upstream and 
Downstream SamplesDownstream Samplescc

0.0460.0460.0220.0220.550.55Downstream SamplesDownstream Samplescc

0.0000.0000.0430.0430.040.04Upstream SamplesUpstream Samplescc

CalumetCalumetStickneyStickneyNorthsideNorthside

WaterwayWaterwayExposure InputExposure Input

aa Includes all primary and secondary (family member) gastrointestIncludes all primary and secondary (family member) gastrointestinal illnesses expected from the waterway exposures.inal illnesses expected from the waterway exposures.
bb Includes combined gastrointestinal illnesses from E. coli, salmIncludes combined gastrointestinal illnesses from E. coli, salmonella, total enteric viruses, adenoviruses, giardia, and cryptoonella, total enteric viruses, adenoviruses, giardia, and cryptosporidium. sporidium. 
c c Waterway concentration inputs for the simulations were randomly Waterway concentration inputs for the simulations were randomly selected (bootstrap sampled) from datasets that includes the indselected (bootstrap sampled) from datasets that includes the indicated icated 
sample sets.sample sets.



Activity Risk BreakdownActivity Risk Breakdown

Proportion of Recreational User Type Contributing to Expected IllnessesProportion of Recreational User Type Contributing to Expected Illnesses

29%29%53%53%4%4%BoatingBoating
70%70%44%44%45%45%FishingFishing
1%1%3%3%51%51%CanoeingCanoeing

CalumetCalumetStickneyStickneyNorth SideNorth Side

WaterwayWaterwayRecreational UseRecreational Use

Based on Combined Waterway Samples (upstream and downstream) risBased on Combined Waterway Samples (upstream and downstream) risk estimates k estimates 



Pathogen Risk BreakdownPathogen Risk Breakdown

0.0090.0090.0450.0450.0820.082Total Primary IllnessesTotal Primary Illnesses

0.0000.0000.0000.0000.0000.000CryptosporidiumCryptosporidium

0.0000.0000.0000.0000.0020.002Enteric virusEnteric virus

0.0020.0020.0140.0140.0020.002AdenovirusAdenovirus

0.0280.0280.1500.1500.2870.287Total Illnesses Including Total Illnesses Including 
SecondarySecondary

0.0000.0000.0000.0000.0000.000GiardiaGiardia

0.0020.0020.0000.0000.0040.004SalmonellaSalmonella

0.0070.0070.0340.0340.0740.074E coliE coli (pathogenic)(pathogenic)

CalumetCalumetStickneyStickneyNorthsideNorthsidePathogenPathogen

Illnesses per 1,000 ExposuresIllnesses per 1,000 Exposures



Dry Weather Risk ResultsDry Weather Risk Results

Risks of Gastrointestinal Illness LowRisks of Gastrointestinal Illness Low
Both primary and secondary risks below EPA recreational Both primary and secondary risks below EPA recreational 
guideline of 8 per 1000 exposures.guideline of 8 per 1000 exposures.
Risks predominately from Risks predominately from E. coliE. coli..
Receptor type and exposure duration most important inputs.Receptor type and exposure duration most important inputs.

Risks Developed Using Conservative AssumptionsRisks Developed Using Conservative Assumptions
Waterway concentrations developed from sampling points near Waterway concentrations developed from sampling points near 
WRPs without accounting for attenuation. WRPs without accounting for attenuation. 
Ingestion rates and exposure durations account for high Ingestion rates and exposure durations account for high 
exposure events.exposure events.
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