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How much does Canada spend on Health 
Care? Canadian Institutes for Health Information (2017) 

Cost Increases 
Accelerating 
from 2016 stats: 
3.5% growth 
11.1% GDP 
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BEYOND FRUITS AND VEGGIES, EXERCISE AND NOT SMOKING AND DRINKING … WHAT IS 
MAKING US SICK? 
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 “Pollution is the largest environmental cause of disease and premature 
death in the world today.”  

 
The Lancet Commission on pollution and health (October 2017) 

www.thelancet.com/commissions/pollution-and-health 

 
Known: air pollution, persistent organic pollutants, metals, radionuclides… 
 
Emerging: chemicals that interfere with hormones and development, acting at low 
doses, such as pesticides, pharmaceuticals, nanomaterials (and wireless radiation) 



Endocrine Disruption is Inherently Toxic 

International Endocrine Society: 

• A hormone disruptive substance is an exogenous chemical, or mixture of 
chemicals, that interferes with any aspect of hormone action 

 

“Environmental chemicals that interfere with any aspect of hormone action 
should be presumed to produce adverse effects.” 
 

Zoeller et al. 2012.  Endocrine-disrupting chemicals and public health protection: a 
statement of principles from The Endocrine Society. Endocrinology. 153(9):4097-110. 

 



Recognition and Regulation of  
Endocrine Disrupting Chemicals (EDCs) 
• A contested priority in the global regulatory 

context 

• European Parliament: REACH legislation missed 
several implementation deadlines 

• Much of the EDC story developed in the Great 
Lakes 

• The central question of this webinar is: 

“How are EDCs being addressed 

in the GL basin?” 



2012 Great Lakes Water Quality Agreement 

• Signed after 8 years of public 
consultation 

• New principles and objectives 

• Ecosystem approach 

• Adaptive management 

• Habitat 

• No specific reference to 
“endocrine” or “hormone” 

Signing of Amended Agreement 
September 7, 2012 
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2017 SOGL and IJC Reports 
• No credible GL data collection and research 

programs on EDCs for: 

• Humans 

• Mammals 

• Reptiles 

• Fish 

• Minimal program for herring gull egg pick-up, 
analysis and archive 

• Reproductive parameters and physiologic markers 

• Major focus on habitat and fisheries status 

• Not an EDC story 

 

 

 

 



EDCs a generation ago:  
Brainchild of Theo Colborn 
• Reproductive effects 

• GL fish-eating birds 

• Ranch mink fed GL fish 

• GL lake trout 

• Developmental effects 

• Deformities 

• Feminization 

• Deficits in children of fish eaters 



Wingspread Conference: 
26-28 July 1991 

• 21 Scientists; diverse disciplines 

• Consensus statement 

• 1996 – Our Stolen Future 

• Are we threatening out fertility, intelligence 
and survival? A scientific detective story. 

 



Theo’s Models of Endocrine Disruption 

• Theo’s background in pharmacology and toxicology 

• Molecular mechanisms and cellular signalling 

• Diethylstilbestrol 

• Clear cell vaginal carcinoma in DES daughters – 
Herbst 1970 

• Subsequently associated with male birth defects, 
testicular cancer, low fertility, and multi-
generational neurological deficits 

• o,p’ -DDT 

• Estrogenic activity in experimental birds and 
mammals – Bitman 1968 

 



Signaling Within The Body 

• Nervous system 
• Electrical – thought, conscious movements, regular 

actions (e.g. heart) and rapid reactions (e.g. to pain) 

 

• Endocrine system  
• Chemical signalling via hormones – slower, from 

conception on  

• Modulates development and senescence, sexuality and 
reproduction, metabolism, mental health, immunity 

• Some commercial chemicals and residues can look and 
act like hormones 

Endocrine System 



Endocrine Disrupting Chemicals 

Interfere with normal hormone signaling 

1. Mimic  inappropriate function 

2. Block receptor site  inappropriate inhibition 

3. Epigenetic or other effects  increase or 
decrease hormone production 



Windows of Development 



Potential Complexities  
Scientific and regulatory challenges require precaution and substitution 

Decelerating Dose Response Both Stimulatory and Suppressive 

(Lanphear, PLoS Biology, 2017) (Ralph et al., EHP 2003) 

At doses far beneath the current EPA safe level, 
Takano et al. found that the phthalate DEHP 

increases the immune response of mice to a 

common allergen. Clinical scores of an allergic 

reaction were strongest at intermediate doses(4 

and 20 µg). A dose of 100 µg (yellow line) was 

no different than the control (purplish blue line). 

 

Graph adapted from Takano et al. 

 

 

 

 

Working with a suite of compounds that bind to 

a newly discovered estrogen receptor on the 
surface of the cell membrane, Wozniak et al. 

found that cells and prolactin release (graphs to 

left) follow markedly non-monotonic patterns. 

Bisphenol A provoked responses at the lowest 

dose tested, 0.23 parts per trillion. Bisphenol A 

has been considered a weak estrogen because 

its relatively binding affinity with the estrogen 

receptor in the cell nucleus is much lower than 

that of estradiol. In contrast, with this cell 
membrane receptor, bisphenol A is just as 

powerful as estradiol. 

 

Graphs adapted from Wozniak et al. 

 

 

 

 
Ralph et al. discovered that prostate cells 

respond in anon-monotonic fashion to exposure 

to the organochlorine pesticide 

hexachlorobenzene (HCB). High levels suppress 

androgenic activity of the cells relative to 
controls (redline), whereas low levels enhance 

androgenic activity. Their experiments with live 
mice revealed that prostate weight in adult mice 

also showed that high doses produced the 
opposite effect of low doses. 

 

 

 
 

 

Wetherill et al. found that a one nanomolar dose 

of bisphenol A yields the strongest proliferation 

response by prostate tumors in experiments 

with cells. The impact of a dose 100-times 
higher didn't differ from control.  
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Unpredictable Endocrine Related Dose 
Response  

• Early exposure to EDCs can 
cause obesity, chronic 
diseases and cancer 

• 100 ppb diethylstilbestrol 
(DES) or control on L 

• 1 ppb DES on R 
 

  

 
 
  

April 30, 2007  

Does 'the dose make the poison?'  

Toxicology testing assumes 'the dose makes the poison.'  

 
Photograph from Retha Newbold, NIEHS.  

Measuring how much of a compound, called its dose, produces a response, usually some kind 

of health effect, is difficult and time consuming. To understand how dose and effects are 
linked, toxicologists expose animals, tissues, or cells to pollutants. They then examine how 

the subject responds to the exposure.  

The "dose makes the poison" is a 

common adage in toxicology. It 

implies that larger doses have greater 

effects than smaller  doses. That 

makes common sense and it is the 

core assumption underpinning all 

regulatory testing. When "the dose 
makes the poison," toxicologists can 

safely assume that high dose tests will 

reveal health problems that low dose 

exposures might cause. High dose 

tests are desirable because, the logic 

goes, they not only will reveal low 

dose effects, they will do so faster and 

with greater reliability. Greater 

reliability and speed also mean less 
cost. 

by Pete Myers, Ph.D. and Wendy Hessler  While exposure in the womb to 100 parts 

per billion of the estrogenic drug 
diethylstilbestrol (DES) causes mice to 

become scrawny as adults, exposure to a 
much lower amount, 1 ppb, causes 

grotesque obesity. This photograph 
compares a control animal (left) to an 

animal exposed to a very small amount of 
DES in the womb (right). 

The trouble is, some pollutants, drugs and natural substances don't adhere to this logic, as can 

be seen in the photograph above. Instead, they cause different effects at different levels, 

including impacts at low levels that do not occur at high doses. Sometimes the effects can even 

be precisely the opposite at high vs. low. Because all regulatory testing has been designed 
assuming that "the dose makes the poison," it is highly likely to have missed low dose effects, 

and led to health standards that are too weak.  

Extensive results challenge a core assumption in toxicology 
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CHRONIC DISEASES INCREASING AND SHIFTING TO YOUNGER CANADIANS (2003-
2008, PHAC) 
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Diabetes 
increasing 3%-5% 
per annum  in 
adolescents and 
children (CMAJ 
2017) 

Cancer + cardiovascular disease + diabetes + hypertension  
Public Health Agency of Canada (2012) 



IN WESTERN MEN, HUMAN SPERM COUNTS AND CONCENTRATIONS 
HALVED 1981 – 2013  ~ NO EVIDENCE OF LEVELING OFF 
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From: Temporal trends in sperm count: a systematic review and meta-regression analysis 
Hum Reprod Update. Published online  July 25, 2017.1-14 doi:10.1093/humupd/dmx022 

Hum Reprod Update | © The Author 2017. Published by Oxford University Press on behalf of the European Society of Human 

Reproduction and Embryology. All rights reserved. For Permissions, please email: journals.permissions@oup.com 



AUTISM SPECTRUM DISORDER (ASD) INCIDENCE RATE PER 10,000 BY SEX IN QUEBEC, 2000-
2015   (PHAC, 2018) 
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https://www.canada.ca/en/public-health/services/publications/diseases-
conditions/autism-spectrum-disorder-children-youth-canada-2018.html 



AVERAGE ANNUAL PERCENT CHANGE (AAPC)† IN AGE-STANDARDIZED 
INCIDENCE RATES (ASIR), BY SEX, CANADA, 1992–2013  (CCS 2017) 
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Decreasing: 
tobacco-associated 
cancers 
 
Increasing: 
thyroid, liver, 
melanoma, testis, 
uterus, 
kidney/renal, 
eosophagus, breast, 
hematological,  
“all cancers” 
[EDCs play roles] 



Hypothyroidism in NL correlates 
with chemicals in fish 

Mean hypothyroidism rates on three coasts in Newfoundland, 
Canada 
 

Coast    Hypothyroidism ratea  

     Average (std. 
dev.) 

West   91.8 (36.73) 

South   96.3 (51.96) 

East   51.3 (20.25) 
 

Comparison   p-Value  

West vs. South  0.974 

South vs. East  0.057 

West vs. East  0.041 

Calculated by averaging rates for communities within region. 

aNumber of people hospitalized with hypothyroidism diagnosis per 100,000 population 
per year. 

 

Sarkar et al 2015. Skewed distribution of hypothyroidism in the coastal communities 
of Newfoundland, Canada 

www.sciencedirect.com/science/article/pii/S0160412015001531 

http://www.sciencedirect.com.proxy.bib.uottawa.ca/science/article/pii/S0160412015001531?showall=true&via=ihub#tf0015


Health Costs of Endocrine Disrupting Chemicals 

• Increasing trends in numerous disease categories: 

• Breast cancer 

• Testicular cancer 

• Obesity & diabetes 

• Autism, ADHD, loss of IQ and intellectual capacity 

• Asthma, immune-related and autoimmune disease  

• Declining sperm count and quality 

• Hypospadias & cryptorchidism 

• Male and female reproductive disorders and infertility  



Health Costs of Endocrine Disrupting Chemicals 

Disease costs of EDCs were much higher in the USA than in Europe, driven 

mainly by loss of intelligence quotient (IQ) points and by intellectual disability 

   USA   EU 

Costs   $340 billion   $217 billion  

% of GDP  2·3%    1·3%  

 
Tattina et al. 2016. Exposure to endocrine-disrupting chemicals in the USA: a population-based disease 
burden and cost analysis. Lancet Diabet Endocrinol. 4:12;996–1003 DOI: 10.1016/S2213-8587(16)30275-3.   

 



How Did We Get So Lost?  
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http://incolors.club/collectionldwn-lost-person-in-woods.htm


Historical Context  
Great Lakes Water Quality Agreement 

• Article 4 of the 1909 Boundary Waters Treaty 

• Agreed not to pollute the boundary waters to the injury 
of property or health on the other side (emphasis added) 

 

 



1964 – International Joint Commission 
Reference 83R  

• Studied pollution of Lake Erie, Lake 
Ontario and the international section 
of the St. Lawrence River  

• “Have the boundary waters of the 
Lower Great Lakes been polluted to the 
injury of health and property?” 

• 1969 – Affirmative responses from Lake 
Ontario and Lake Erie Boards 

 

 



Historical Context - Social Change 

• Late 1960s – Global coalescence of social 
movements 

• 1970s - Social and administrative reform 

• 1972 Great Lakes Water Quality Agreement 
negotiated and signed  

• Initial focus on eutrophication, leading to 
successful phosphorus controls 

• Special role for the International Joint Commission 

• Great Lakes Regional Office 

• Great Lakes Water Quality Board 

• Research Advisory Board 

 



1970-Observations of Effects of Toxic Chemicals 

• Fish-eating birds – Bald eagles, osprey, gulls, 
terns, cormorants 

• Population declines 

• Reproductive failures and deformities   

• Mink - reproductive failure in ranch 
operations feeding Great Lakes fish   

 

• Teratogenic substances in the Great Lakes 

• Implications for human health, 
reproduction and development 



Lake Michigan Fish Eaters 
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Herring Gull Monitoring Program   

• Situation getting better or worse? 

• Need for long term monitoring 

• Choice of the herring gull 

• Importance of archiving samples 



Development of National Legislation & Regulations 

• Great Lakes science influenced 
development of Environmental 
Contaminants Act (1975) 

• Regulations on: 

• Polychlorinated biphenyls 

• Polybrominated biphenyls 

• Archived herring gull egg samples 
retrospectively show inappropriate 
substitution of polybrominated 
diphenyl ether flame retardants 

 Environmental Science & Technology 36:4783-4789.  



1978 Great Lakes Water Quality Agreement 

• Virtual elimination of discharges of persistent toxic substances 

• Difficulties of interpretation 
• Development of standards and criteria?  
• Limits of chemical analytical detection?  
• Absence of observed effects in wild populations of affected 

organisms? 

 

• 1978 IJC publication of The Ecosystem Approach 
• Ambiguity – contested meanings and paradigms 
• Multimedia routes of contamination (water quality - IJC) 
• Multicausal agents of fisheries declines (habitat & aliens - GLFC) 

 



1980 - The Neoliberal Revolution 

• 1980s – Reagan embraces neoliberal 
ideology 

• “Government is the problem” 

Small government  

• Reduced budgets for environmental 
health research and monitoring 

• Deregulation 

• Social construction of Great Lakes 
science – good news stories only 

 



IJC Biennial, Hamilton - 1989 

• Coalescence of interests on the Great Lakes Water Quality Agreement 

• ENGO advocacy and activism – “caravans” organizing around the Great 
Lakes – Greenpeace, Pollution Probe, Great Lakes United, CELA, NWF 

• Science Advisory Board report 
• Health effects focus 

• Great Lakes, Great Legacy? 

• Theo Colborn - Endocrine disruptor hypothesis 

• Council of Great Lakes Research Managers 
• Cause-effect linkages 

• Changed statements:  “Injury” and specific chemical causes 



IJC Response to 1989 Biennial Meeting 

New Chairs of IJC - Gordon 
Durnil and Davy Fulton 

5th Biennial Report of IJC to 
Governments 

Focus on 1978 GLWQA policy – 
Implement policy on virtual 
elimination of discharges of 
persistent toxic substances 

IJC became advocates and 
activists – 3 years 
 



Politics Changed - 1992 

• Gordon Durnil records political change 

• The Making of a Conservative Environmentalist 

• Chemical industry in the White House of 
President Clinton 

• Appointment of Commissioners that were “not 
as green as the current bunch” 

• Pushback on chemicals focus 



EDCs - Regulatory Failure 

• State of the Great Lakes - 2017 

• 40 years of chemical regulation (TSCA 
& CEPA) 

• Increasing brominated diphenyl 
ethers (PBDEs) 

• Widespread contamination with 
perfluorinated compounds  
 



Summary and Conclusions 
1. Scientific Advances re. Endocrine Disrupting Chemicals 

• Chronic endocrine-related  disease in younger Canadians are rising rapidly 

• Health care costs are rising rapidly 

• Likely linked to pollution causing endocrine disruption 

• Great Lakes wildlife observations indicated teratogens 

• Neurological deficits in infants of Great Lakes fish eaters 

• Mechanistic models implicate chemicals that disrupt cellular signalling  

• Endocrine disruptor science arose from Great Lakes research 

• Scientific principles and importance of EDCs now well established 

 



Summary and Conclusions 
2. EDCs fell off the agenda 

• Shifting focus of GLWQA agenda using “ecosystem approach” from pollution 
to habitat and land use (GLFC) – Diversionary reframing 

• Neoliberal hiatus on priority of chemical contaminants in GLWQA programs 

• Research, monitoring and regulatory programs on EDCs terminated 

• Regulatory failure: Repeated introduction of substances of very high concern 
into international commerce 

• National governments are reluctant to:  

• Proscribe manufacture, sale, importation and use of EDCs  

• Require pragmatic least-toxic best practices 

• Widespread contamination and costly effects deduced, but lack of routine 
monitoring and reporting hinders progress 



Next Steps 

Join the Toxic Free Great Lakes Network for the second webinar in this series, 
to discuss: 

Changing Course – Chemicals in Products in the Great Lakes Basin: 
Approaches to reduce and eliminate toxic chemicals 

 

Tuesday June 26th, 12 noon CT/1:00 p.m. ET. Watch your email inbox for 
more information! 

 

Want to learn more, to help out? Contact: 
CELA:  deleonf@cela.ca (Toxics Free Great Lakes Network) 
Prevent Cancer Now: Info@PreventCancerNow.ca  

mailto:deleonf@cela.ca
mailto:Info@PreventCancerNow.ca


 


