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Are fish populations affected by the 

presence of Contaminants of Emerging 

Concern in the Laurentian Great Lakes?



Fox R. WI

(2014)

Chicago R. IL

(2014)

Little Calumet R. IL

(2014)

Clinton R. MI

(2013)

Cuyahoga R. OH

(2013 & 2014)

Raquette R. NY

(2013 & 2014)

Biological Effects of CECs



• Collect 40 resident sunfish/site

• Body condition factor

• Gonadosomatic index

• Hepatosomatic index

• Plasma vitellogenin con.

• Plasma glucose conc.

• Liver histology

• Gonad histology

• Cage 40 sunfish/site

• Body condition factor

• Gonadosomatic index

• Hepatosomatic index

• Plasma vitellogenin con.

• Plasma glucose conc.

• Liver histology

• Gonad histology

Effects of CECs in ”Natural” Ecosystems



~ 2,500 sunfish

Fish Collections
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Canonical Redundancy Analysis (~100,000 values)
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Canonical Redundancy Analysis: Grouping by Locations
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Canonical Redundancy Analysis: Grouping by Biomarkers

Thomas et al., 2017 PLoS One
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 Fish in Great Lakes tributaries experience 

energetic stress that may affect reproduction.

Interpretation of Biological Results



RDA 1 (48%)

Canonical Redundancy Analysis: Correlated CECs

Thomas et al., 2017 PLoS One

WATER & SEDIMENT combined

Caged Sunfish

females: pharmaceuticals & PAHs

males: pharmaceuticals & PAHs

Resident Sunfish

females: n/s

males: pharmaceuticals & PAHs



 CECs are ubiquitous

 Fish experience 

energetic stress.

 Are there any patterns 

in CEC occurrence?

Patterns in CEC Occurrence



Presence of CECs

Elliott et al., 2017 PLoS One



Cluster Analysis of CEC 

occurrence in Great Lake 

Tributary water samples –

minimum of 30% detection 

frequency.

Elliott et al., IEAM 2018

“ag” CECs

“urban” CECs

Identification of Environmental CEC Mixtures



Laboratory Assessment of CEC Mixtures

Agricultural Mixture

5 mix concentrations

Urban Mixture

3 mix concentrations

Contaminant
Environmental 

Concentration [ng/L]

Environmental 

Concentration [ng/L]

Metolachlor 170

Atrazine 400

Bromacil 120

DEET 200 1600

TBEP 210 13500

Estrone 24 7

Bisphenol A 60 3000

4-Nonylphenol 188 3710

Sulfamethoxazole 559

Fexofenadine 1000

Desvenlafaxine 583

Metformin 1210

HHCB (Galaxolide) 2180

Methyl-1H-

benzotriazole
6680



Laboratory Assessment of CEC Mixtures



Physiological Effects of Exposure – Male Vitellogenin

*

*



Cumulative Fecundity - Agricultural CEC Mixtures

enhanced 

reproduction

reduced 

reproduction

F1 Generation

F2 Generation



Cumulative Fecundity - Urban CEC Mixtures

Mixture Concentrations:

F > E > D > C > B > A

(highest)   (lowest)   

F1 Generation

F2 Generation

reduced 

reproduction

strongly 

reduced 

reproduction



SUMMARY

• Both Ag and Urban Mixtures stimulate vitellogenin 

production – similar to Phase I studies (Thomas et al., 2017)

• Ag estrogenic response is greater than urban response.

• At low concentrations Ag mixture has fecundity-enhancing 

effect (F1).

• Long term exposure heightens the adverse impact of Ag and 

Urban Mixtures on fitness (reduced fecundity).



• CECs are ubiquitous in Great Lakes tributaries.

• Resident fish are experiencing energetic stress that 

may result in declining fertility.

• Laboratory exposed fish experience altered fertility, 

especially in the second generation of exposure.  

CONCLUSIONS




