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Forward

There are a number of adages that bring attention to our goal to protect the water quality of
the beautiful Great Lakes. New advances in technology mean that we are now less limited to
d@ooking under the light posband that we can better detect changes in our environmeitou
candt manage wh at NMonitoing and datd havenabvays heenat the heart

of the Great LakesWater Quality AgreementThel nt er nat i onal 1993 nt Comm
study was the most advanced, expansive and comprehensive study ever undertaken in its
day, and still today should be heralded as an outstanding plan that resulted in extensive
binational collaboration and significant new knowledge and recommendations.fact, when
one examines transboundary agreements around the world, tkéeeat Lakes Water Quality
Agreementis a model to live up toThis region has led the way in using new techniques and
instrumentation to understand the sources, fate and risk of céaminants in water. In

particular, microbial source tracking is one of these new techniques that has been advanced
by scientists in the Great Lakes to identify sources of fecal pollution and further understand
and monitor our water quality.

TheHealth Prdessionals Advisory Boar€@ e nt enni al Study Report and
workshop was completed in 2019. However, we have since entered a new era of
unprecedented global concern for our healthCoronavirus disease of 201(COVIEL9) has
changed our lives how we work, how we learn and how we play. It is clear that while
wastewater has always been viewed as a source of contaminants to our surface waters,
equallyfiand more importantlyiwastewater treatment is seen as a critical public health and
essential sevice. SARSC0\, the root cause of COVIELY, is found in feces and sewageso
the monitoring of this virus in wastewater is being investigatexs a way to examine the
disease prevalence in communities and provide an early warning alert for medical
professonals. The levels in wastewater have been detected as high as 10 million virus
particles per liter. Ultimatelythe virus can be expected to be detected in the waters of the
Great Lakes making its way bynefficient wastewater treatment, combined sewenerflows
and untreated sewage releases and spills. While waterborne transmission of CGMIis
believed to be a very low concern (due to the relatively rapid i of the virus and its
largely respiratory transmission}he virus fate will serve as anndicator of the impact of
untreated wastewater discharges.

As the hternational Joint Commissionmoves forward to advance #&hase lIGreat Lakes
Microbial Water QualityProject,the Health ProfessionalsAdvisoryBoard memberssee the
potential for incorpaating surveillanceof SARSCo\2 as part of the comprehensive
basinwide investigation of the extent of fecal pollution sources impacting the Great Lakes.
This would be a natural extension of the need to collect sewage samples around the Great
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Lakes to vaidate microbial source tracking methods in theegion, and to investigate the
prevalence of sewage contamination in nearshore waters.

Monitoring continues to be at the heart of theGreat Lakes Water Quality Agreementand
Health Professionals Advisory Bodumembersbelieve that the 1JC will continue to lead these
efforts to investigate new approaches and new contaminants of concern that will assist in a
large-scale and inclusive assessmentMonitoring isultimately about our water quality and

the protection of our health.

Joan B. Rose, Ehlth ProfessionalsAdvisoryBoard member

February 2021



Executive Summary

Thelnternationalloint Commission (IJC)s responsile for regular reporting on the statustbé

Great Lakes and other boundary watassyvell asnvestigating the risko ecosystemand

human healtlthat may result from current or future stressdre Great Lakes are a dominant

part of the physical and cultural heritage of North Amer&teared by two countries and

spanning dhousand miles acro§€sanadaandthe United Stateshe shorelings longer than the

US East and Gulf coasts combin&tie lakes alsdiold monumental environmental, cultural and
economic value for both the region and our natiéirst Nations and Tribe®ly on native

speciesbut habitats and ecosystems are changiitg resultingeffectsimpactingindigenous

peopl esd access to resources for sustenance,
their spiritual and other needs.

In 1913, the 1JC conducted the first coetpensive, detailed monitoring study of the fecal

related pollution of the boundary waters of the Great Lakes and the potential link between
disease and sewage pollutignternationalloint Commission1918). The 1913 studythatcost
US$42,138(at the timg, to our knowledge is the largest fecal microbial water quality study in
North America.The goals wer& improvethe understanding of bacteriological water quality

across the basin and on how to address wastewater in theTdasohata from the study

highlighted the public health risk of untreated sanitary sewer discharges to the Great Lakes when
these waterways were also used as drinking water sources with no additional treatment. Typhoid
deaths were tallied as part of the study. Analytical methodsiwéneir infancy, and the most

specific measure of fechhcterialcontamination waBacillus coli, or what we now refer to as

total coliformbacteria The 1913 study also had important geographic omissions, namely that
sampling was not done in Lake Miglain and near several important metropolitan areas,

including Duluth, MinnesotaCleveland Ohio;Hamilton, Ontarig and Torontg Ontaria

Today, the Great Lakes basin still faces numerous water quality challefgsiskes provide
drinking water for an &imated 40 million in Canadand the United Stat€and water for food
andbeverage products for millions more). Modern drinking water treatment greatly reduces
health risks for the majority, but the types and adequacy of protection may vary, and amrunkno
number may drink untreated lake water. Despite progress towards cleaner Great Lakes water
over the last 100 years, public concern has arisen aatsed incidence okarshore sewage
contamination and sources of relead@svironmental Commissionef Ontario 2018Great

Lakes and St. Lawrence Collaborative 20@chigan Department of Environmer@reat Lakes
and Energy 208; US Environmental Protection Agency 2Q18earshore monitoring using
modern toolssuch as microbial source trackioguldinform management steps to address these
issuesThese tools advance applications of DNA technologies to allow identification of fecal
pollution sourcesthatconventional tools based &scherichiacoli (E. coli) indicator bacteria
cannot do.

Microbial soure tracking advances have been particularly useful in improving the ability to
detect sewage contaminatide also know that sewage contamination comes with concerns of
other contaminants within the sewage, such as pharmace(fa#tst al.2008, antimcrobial
resistant microorganisms, microplastics, nutriemdgtoxic chemicalsMany sites along the



shoreline require protectiaand restoratioincluding the Areas of Concern) and major
investments in restoration have been made by federal, statecahgdoernments, with the 1JC
and itsGreatL akesWaterQuality Agreementdvisory boardsontinuing to lead the binational
approachKey questions have emerged as these restoration projectsl foovard

1 Is nearshore water quality getting better or warse
1 Where is the pollution coming from?
1 What are the public health risks associated with changing nearshore water quality?

This HealthProfessionalAdvisoryBoard (HPAB)reportaddresess these questions by

examining available data and literature on fecat@mination and fecal source identification

and proposgan updated binational centennial study to provide a framework for future efforts.
Theintent of theproposed frameworis to helpidentify health risks and assist both countries
prioritize costeffective investment inmproved restoration efforts associated with contaneadat
waters, increasing total maximum daily loads of contaminafgal blooms sormwaterand
wastewater treatmerdnd agricultural best management practidé® framework wouldlgao

assist the binational Great Lakes community to move from a reactionary to preventive approach
to beach and nearshore management

Project goals fothis investigationncluded:

i.  Determine changes and trends in the concentration of fecal contaminfetsabset of
sites of the 1913 study in the Great Lakes using available data, including consideration of
Lake Michiganthatwas not included in the original study but is anticipated for inclusion
in afuturesynoptic reassessment survey.

ii. Based on literahe describing current technologiesd, genomic indicators) and existing
microbial source tracking data:

a. Describe approaches for determining the contributions or relative levels of
contamination from various souréefiuman fecal waste, agricultural animal
fecal wastedomestic animal(pets) and wildlife (e.g., waterfovd)at 20-40
sampling locations used in the 1913 study.

b. Describe the public health risksr swimming and water consumption at these
sites.

iii.  Evaluate contemporary sampling and fecal souragtiftte@ation programs and data,
including for Lake Michigan, to provide updated conclusions about the range,
geographical origin and distribution of pollution from sources of human waste, and to
identify fecal pollution hotspots around the Great Lakes.

Thefindings of thdliteraturereview indicate that since the 1913 study, the Great Uas&ksishas
changed in numerous ways:
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1. Since the 1JC 1913 study, the total population reported for 21 cities within the watershed
has increased to over 9,300,000 residents, additional, significant population spread
out over larger metropolitan are@soal i).

2.  More livestock (over 200 milliomarepresent and concentrated in fewer af&xsal i).

3. Nonpoint sources of runoff have become a more significant threat to wailéy gas
sewer, stormwater arggptic system infrastructure has increased to suppioitreased
suburban and population in outlying areas (urban sprédigh failure rates of
infrastructure such asanitary sewer, stormwater and septic systems, asgietireased
incidencecombined sewer overfloW(€SOs)are significant sawes of fecal pollution
transport to watersheds and the lak&hile CSOs continyehey will be addresed by
rules that mandate fixesxdwill remain an intermittent problem due ¢bmate change
(Goal ira/Goal ij.

4. Better public health protectiaa becoming possible through advances in technologies
such as microbial source tracking to attribute sources of fecal pollution and better target
remedial actiongGoal ii-a).

5. Although irfrastructurgincluding wastewater treatmestinitary sewagand
conveyance systemsgjasbuilt to accommodate growing populations, upgrades and
repairs are needdoal ii-b).

6. New threats to the Great Lakesiergedincluding, for exampe, the spread of
antimicrobial resistance, microplastics, nanomaterials and new pathogens in fecal
pollution sourcesharmful algal blooms, pharmaceuticals and climate chdrae ét al.
2008 (Goal ii-b).

7. Itis possible to map fecal pollution hotspots and a future stunlyi@ obtain the key data
to support that analysis (Goal iii).

Today, over 100 years later, the lakes are more widely used for drinking water and recreation
increasinghe potential to expose users to unsafe bacteria levels and waterborne pathogens,
despte the advances in drinking water treatment technology and source control measures.
However, we anticipate growing challendeesause water recreational demands are increasing,
there are more immureompromised people vulnerable to waterborne pathogessewaier
infrastructure is aginggricultural and husbandry practi@® changingsewage releases are
increasingand extreme rain events and other manifestations of climate change are increasing.

To set the stage for another 100 years of action toosupater quality in the Great Lakdhge
HPAB recommends that the 1JC oversee a binationahultiphase project addressing water
guality across the Great Lakes basin over a fivgear timeframe. The first phase ofthis
project would be to establisha committee offederal, trib al, First Nations and the Métis
Nation of Ontario, provincial, state and municipal agenciego oversee anctoordinate a
multiyear study of fecal pollution and its sourcs.
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Thekey goal during the first phasetsestablistihe committeeto overseg¢he study desigand
reviewthe public health applicationsf advances in DNAand other moleculaandgenomic
technologiegor assessing water quality the Great LakesThis includesnicrobial source
tracking to evaluate the effectivenessoéstal restoration programs for identifying and
remediating fecal pollution sources at the basin scale (including across internationatiesynd
as well as more locally and develop ldkelake health risk maps fassessing anglotecting
public health TheHPAB proposes that thetructure of the committee would be similar to the
Great LakesSt. Lawrence RiveAdaptive Management Committeand would be overseen by
the IJC. Subject matters experts for such a committee would include members provited by
governments of Canada and the United St@itbs Partie§), rightsholders and stakeholders in
the basinleadershimf tribes, First Nations, and theéifs Nation of Ontari@nd/or their
designeeand participants from provincial and state governnagenhcies where many of the
water quality monitoring capacity and responsibility exists.

There is a need to invest in sustaining source water for drinking, recreational water quality and
economic vitality in the Great Lakes, given expanding human anddolepopulations, aging
infrastructure and climate and land use changes. A second phase of this work will be advanced
in collaboration with théJC Great Lake$Vater Quality Boardo establish dinational

surveillance network with key laboratories in thesin and move through a pilot microbial

source tracking methods validation exer@sgectto harmonize applications of the methods
across the basiiThis projectwould include a subset of labs that would seek to harmonize
molecular methods for survailice of the SARE0V-2 virus at selected sewage treatment

plants across the basin. A third project phase would be for the laboratory network to roll out a
multiyear basinwide microbial source tracking study to identify fecal pollution sources and
develop dkeby-lake health risk maps. A final phase would synthesize and communicate results
and recommendations regarding fecal pollution sources and health risks to the Parties and
stakeholders across the basin.

1IFor informati on ab oSt tawternteRiverAdaptise Mamagement dorankitiees, visit

jjc.org/en/glam.
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1.0 Introduction

The 1JCis responsile for regulr reporting on the status of the Great Lakes and other boundary
waters, as well as investigating the risk to ecosystems that may result from current or future
stressor¢Canada and the United State812. The Great Lakes constitute the largest freshiwate
ecosystem in the world. The basin is home to 3,500 species of plants and animals, and over 170
species of fishMlichigan Sea Grant 2020These flora and fauna not only contribute to the
environmental integrity, resilience and character of the retheg also support impressive

Great Lakes tourism and recreation industries.

Viewed as a source of great pride among those who live in the region, the Great Lakes are a
tourist draw to not only for North Americans but people from around the world. Residdnts a
tourists alike spend nearlyS$16 billion annually on boating trips and equipment in the Great
Lakes and the region draws an impres8vamillion anglers, huntergjrd watchersand beach
goerseach yeafVaccaro and Read, 2011 T he Gr e ayandexdogicaldivdrsgya u t
mask their vulnerability tthe cumulative effects dbiological and chemical stressésreality,
years of degradation from toxic contamination, destruction of coastal wetlands, nonpoint source
pollution and invasive speciesvleft the ecosystem at a tipping pdiBails, et al., 2005)

Today, the Great Lakes contain 43 Areas of Concern (AOCs), places suffering extreme
environmental degradation. Nonnative and invasive flora and fauna have further damaged
ecosystem health. S&anprey, zebra mussels and quagga mussels are among the most well
known invasive species to dasndwe also face the continued threat of Astamp.

A changing climate also presents challenges for the Great Lakes ecosysitsmesidents.

Higher glolal temperatures are changing weather patterns and precipitation across the region.
Diminishing duration and thickness of ice cover each winter and widee frequent variability

in lake water levelarecomplicating planning and public and private infrasture This

variability leads tdecal bacterigfrom sewage releases along shorelinessapdic systems

moving through watershed¥erhougstraete et al. 28}l Many plants and animals important to
Indigenous peoples are particularly vulnerable tmate change, including moose, wild rice and
walleye thatplacetraditional agriculture, hunting and fishing harvests, and other economic and
spiritual activitiesat risk These changes affect Great Lakes ecology, economic, esldempact

the lives and wllbeing of communities and populations around the basin. Changes in basin
population, sewage treatment infrastructure, agricultural land use and practices and shoreline
recreational use also influence the types and intensity of microbial contaminatieriakes

The importance of clean Great Lakes water to human wellbeing has been a historic focus of the
IJC with public health a prominent gofar maintaining water quality. Two critical human health
and economic aspects of Great Lakes shoreline comiemdnirinking water and recreatién

are impacted by fecal pollution from different sources of human and animal wastaké$e

provide drinking water for an estimated 40 million in the CanlhddJnited Sate@nd water for

food and beverage products forlinns more). Modern drinking water treatment greatly reduces
health risks for the majorifyout the types and adequacy of protection may,\argt an unknown
number may drink untreated lake water.



Beaches and shallow waters of Great Lakaswn as the regshore zone, provide significant
recreational opportunities and amee of the most utilized areas in the regio® Environmental
ProtectionAgencyl99¥). Recreation aan ecosystem service hingesan continued
expectations foclean watefrom an enironment that is impacted by many stressaita( et al.
2013. The full benefits of achievingnd maintaining healthy nearshore zoagstied to
improving many aspects of human wellbeifige Great Lakes include 8,851 K6499.76
miles)of some oftheavor | dds greatest sandy beaches, but
closures has plagued many coastal commur(iGeszastowski et al. 199 Folger et al. 1994
Natural Resources Defense Council 20Nationally, tourism has become a primary factor
driving economic activity, job creation, wealth and investmelaiston 2008and the economic
value gained from Great Lakes beach touriswisiblein the foregone benefits of beach
closuresSong et al. (201(®stimated closing all Lake Michigan beachesated in the state of
Michigan would result in an economic lossW$$2.7 billion. Another Great Lakes basin study
estimated beach closures cost the surrounding community hEs$B28,000 per everiMurray

et al. 2001)The Brookings Institutioif2007)suggested a 28ercentreduction in Great Lakes
beach closures would result in an economic benefit of atU&t30 million per yearor at

least US $2 billion in present day dollafherefore, Great Lakes beaches and nearshore
envirommens are not onla treasured natural resource but also a vital economic driver for the
surrounding communities and require pratatigainst further degradation.

As ealy as 1913the IJC conducted a detailed monitoring study of thefetated pollution of

the bounday waters of the Great Lakesd the potential link between disease and sewage

pollution (Internationaloint Commissionl1918). The question of whether nearshégeal
bacterialmicrobial water quality is getting better or worse is fundamental to maingetimén

Great Lakes for recreational use and as a source of drinking water under the general objectives of
the Great Lakes Water Quality Agreemeublic health is a prominent driver for maintaining

and improving water qualit this project report provideee HPAB with anasseswent ofthe

state of knowledge ofecalcontamindéion in the Great Lakes arekamine how a basinwide

binational fecapollution/microbial water quality reassessmaeright be carried out

The 19B IJC study looked at the relationghibetween fecal pollution and disease from using
contaminated water as a drinking water source. Today, exposure occurs primarily through
recreation and monitoring has focused on protecting beach users. An unknown number of people
may use utmeatedor undetreated lake water for drinking as well, primarilyl imdigenous or

rural populations.

Monitoring ols are better todaye can enumerate more specific bacteria spéEiesoli rather
than total coliforns) andwe canalso use DNAbased technologgnown a microbial source
tracking (MST)to identify fecal pollutionsourcef water quality impairmerguch as humans,
cattle, petandgeese. These methods, combined with other tools that provide information on
various pollution pathways (e,gvastewater traenent plantfWWTPs) CSOs, septic systems,
stormwater, direct depositigrgllow public health officials to develop strategies to mitigate the
pollution with targeted management actions.



1.1 Projectoverview

The purpose of this projeatas to use existinglata to analyze fecal bacteria water quality
changes and trends across the basobserved within the last 10 years for comparison with
those presented by the 1913 IJC studhe projecilsoidentified science anénvironmental
management gaps relatedfecal bacteria ani@cal pollutionsources that could inform
investment in a basinwide microbiahter qualityreassessmerroject goals and objectives for
aliterature review anéxpertworkshopincluded:

Determine changes and trends in the conceottraf fecal contaminants at the subset of
sites of the 1913 study in the Great Lakes using available data, including consideration of
Lake Michiganthatwas not included in the original study but is anticipated for inclusion

in afuturesynoptic reassement survey.

Based on literature describing current technologeas, @enomic indicators) and existing
microbial source tracking data:

a. Describe approaches for determining the contributions or relative levels of
contamination from various souréefiuman écal waste, agricultural animal
fecal wastedomestic animal(pets) and wildlife (e.g., waterfovd)at 20-40
sampling locations used in the 1913 study.

b. Describe the public health risksr swimming and water consumption at these
sites.

Evaluate contemporaisampling and fecal source identification programs and data,
including for Lake Michigan, to provide updated conclusions about the range,
geographical origin and distribution of pollution from sources of human waste, and to
identify fecal pollution hotspgs around the Great Lakes.

1.2 Projecttasks

The project work group developedvark plan to describe the tasks, deliverables and schedule
for the projectThe tasks conducted to complete the project included:

1 Reviewngthe 19B IJC study report and appdines. A total of 35 sampling locations

used in the study were selected to si@ngeographical extent of the Great Lakes,
including both lake and connecting chanamedage.g, St. Marys River, St. Clair River,
Lake St. Clair, Detroit River, Niagara Ry St. Lawrence River) and the associated
sampling information and biological (coliform) measurements were compiled.
Information on the Great Lakes watershed conditions ard@hd such atviuman
populationsizes were also compiled.

Compiling and analynig enumeration data for fecal coliforfa, coliand enterococci at
locations in the Great Lakes from approximately 20048. Additional dataompiled



also includsinformationdescribing fecal bacteria conditions in the Great Lakes,
including beach closmdata Data describing current watershed characteristics and
conditionswere also compiledlhese data were used to characterize current fecal
bacterial conditions in the Great Lakasd to compare contemporary conditions to
conditions in and around 1913

1 Literatureand dataeview forMST studes in the Great Lakes basifhesepublications
anddata were used to assess the MST methods, markers and techniques used in Great
Lakes research. They were also used to describe potential sources and pollution
pathways.

1 Hosting and facilitating a workshop of experts to discuss the analyses conducted for the
project and to develop recommendations for a future basinwide, binational fecal
bacterial/microbial water quality reassessment.

This report preides an assessemt of thel913 conditions, as described in the 8 €dport; a
comparison to current fecal bacterial conditions across all of the Great Lakes, based on data from
the last 1015 years including both enumeration M8T methods; an assessment of sources and
pollution pathvays from published studiea;description of an expert workshop including a

summary of findings and recommendations for improving bacterial monitoring and conditions
basinwide and an overall project summaiiyhis report describes each oé#ie tasks and the

major findings.



2.0 Thel913 Great Lakes Transboundary
Water Pollution Study

The 1JC initiated a comprehensive, fiodtits-kind study of transboundary fecal bacterial
contamination in the Great Lakes in B9The HPAB memberbelievethatthis study remains

the largest fecal microbial water quality stugtyterms ofits spatial extent and number of

samples collected, in North America. Prior to describing the study, we present some information
on what the Great Lakes watershed wasdilkentury ago for context. Note that this is not a
comprehensive or detailed historical characterization of Canada or the United States during this
period but is intended to provide a sense of the state of the Great Lakes at that time.

2.1 The Great Lalesbasinin 1913

At the time of thel9131JC water pollutionstudy, he Great Lakes basin was on the cusp of the
population explosion that peaked midcentury inlinged States and continues through today in
CanadaApproximately sevemillion people lival along boundary wateds the Great Lakes.
There were only eigldities with populations greater than 100,0009101911and of those
Torontowas the only one in CanadBaple 2-1 below). Buffalo was a larger city (population
423,715) than Toronto (pofation 327,753in 1911.



Table 2-1: Population of major cities in the Great Lakes basin in 1910911

Great Lake/ 1910/1911
Connecting Chanry Population

Duluth, MN Lake Superior 78,466
Thunder Bay, ON Lake Superio 27,719
Sault Ste. Marie, ON Lake Superior 10,984
Sault Ste. Marie, Ml Lake Superior 12,615
Green Bay, WI Lake Michigan 25,236
Milwaukee, WI Lake Michigan 373,857
Chicago, IL Lake Michigan 2,185,283
Gary, IN Lake Michigan 16,802
Muskegon, Ml Lake Mchigan 24,062
Traverse City, Ml Lake Michigan 12,115
Saginaw, Ml Lake Huron 50,510
Sarnia, ON St. Clair River 9,947
Detroit, Ml Detroit River 465,766
Windsor, ON Detroit River 17,829
Toledo, OH Lake Erie 168,497
Cleveland, OH Lake Erie 560,663
Buffalo, NY Niagara River 423,715
Rochester, NY Lake Ontario 218,149
Kingston, ON Lake Ontario 18,874
Toronto, ON Lake Ontario 327,753
Hamilton, ON Lake Ontario 81,959

* US cites populations are from 1910. Canadan city populations are from 1911.

~ UScities population data sourceworldpopulationreview.conthat cites the US Census as its source

A Canadan cities population data source: Table XXV in Appendix of BIWCTransboundaryWater Pollution
Study (International Joint Commission 1918)

Aln 1910, the contemporary Thunder Bay area was two municipal areas: Port Arthur and Fort Williams. The
population of both cities were added together and reported in the table. This was done to facilitate
comparisons to current day populations.



https://worldpopulationreview.com/

Many citieswere in the process of building sewatghe time of the 1JC study section of the
1918 1JC report details the sanitary sewer system plansefegralcommunities in the Great
Lakes. These sewer systemsitgtly delivered the sanitargewagevaste directly to the nearest
waterway with littleor no treatment. Conventional wastewater treatment processes were in their
infancy at the time of the 19K3udy. For example, the activated sludge probadgust bee
developedn 1912 in EnglandNletcalf and Eddy1915. Deaths due to typhoid were a major
concern at this time. The link between fecal contamination from sanitary sewer discharges to
rivers and streams and incidence of disease was not well known, escaddy théelow
photayraphfrom 1925 showing a group gbungpeople swimming by a sewer outfall in the
Detroit River (1JC, personal communicatj@mail from Jennifer Boehme to Carrie Turniday
6,2019).
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Historical photograph of swimmers by a seweutfall in the Detroit River in 1925 Photo credit:Tom Phre,
Windsor then Windsor nowavailable fromwindsorthenwindsornow.worgress.com/2011/02/25/the -good
old-daysswimmingin-the-poopydetroit-river/.

Economically, the industrial revolution was underway. For exartipefirst Ford Modell cars
started rolling off the first moving assembly line in 19TRe industrial activityvas creating a
demand for iron ore, coal and other raw materials that the shipping routes on the Great Lakes
were well suited to fil(Figure 2-1 below).


https://windsorthenwindsornow.wordpress.com/2011/02/25/the-good-old-days-swimming-in-the-poopy-detroit-river/
https://windsorthenwindsornow.wordpress.com/2011/02/25/the-good-old-days-swimming-in-the-poopy-detroit-river/

Figure 2-1: Shipping tonnage on the Great Lakes (US vessels) by yed9002012 Data

from Lake Carrierds Assocavadbleattn as published
wbez.org/stories/coméhell-or-high-water-can-great-lakes-shipping-make-a-
resurgence/bf2c396@2de+4eceac’c96ce07fa2866

Freight shipping on the Great Lakes experienced rapid growth between 1910 and 1920. Iron ore
tonnage shipped on the Great Lakes increased from less tinailli&0 tons to over 70nillion

tons by middecade. Less dramatic but still significant increases in coal shipping also occurred
over the same time. Note that the amounts shipped today are similar to the amounts shipped in
the 1910 decade for iron ore atwhl. Vessels dumped their raw sewage directly into the lakes
and riversThere were far less pliry and far morevine Gheep andequine fiorse$ livestock
compared to modern times, alngestockwere dispersed over larger geographic areas but at

lower densities.

2.2 The1913 IJCwater pollution study description

In 1912, the 1JC was charged with determining the extent of fecal contaminatiorpartthef

the Great Lakeshat serveds a shared boundary between Canada and the United States. The
studyobjectives were to determing) the extent and means that boundary waters are polluted;
and 2) how crosboundary pollutiorcouldbe prevented and/or remedié@dke Michigan was

not included in the study.

2.2.1 1913 1JCstudy design

The study design wasformed by public comments and a panel of experts, including public
health officials, scientists, engineers, and state and provincial representatives. Thestiudg c


https://www.wbez.org/stories/come-hell-or-high-water-can-great-lakes-shipping-make-a-resurgence/bf2c3960-2de7-4ece-ac7c-96ce07fa2866
https://www.wbez.org/stories/come-hell-or-high-water-can-great-lakes-shipping-make-a-resurgence/bf2c3960-2de7-4ece-ac7c-96ce07fa2866






































































































































































































































































