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Toxic Chemicals of  Particular Concern in 
Great Lakes

• Many are persistent, bioaccumulative, and toxic (PBT)
Category Chemical Major Uses/Sources

Legacy Mercury Coal-fired power plants; products

Polychlorinated biphenyls (PCBs) Electrical equipment, hydraulic fluids

Polychlorinated dibenzo-p-dioxins and 
furans (e.g. 2,3,7,8-TCDD)

Combustion byproducts; contaminant 
in certain pesticide production

CECs* Polybrominated diphenyl ethers (PBDEs) Flame retardants

Per- and polyfluoroalkyl substances (PFAS) Fire-fighting foam, multiple other 
uses (polymer, non-polymer)

Hexabromocyclododecane (HBCDD) Flame retardant

Short-chain chlorinated paraffins (SCCPs) Lubricants, coolants, plasticizers, 
flame retardants

*: Chemicals of  emerging concern



Mercury and Fish Health

• Particular concern with methylmercury (MeHg)
• Environmental cycling complex

Scheuhammer et al., 2007. Ambio

• Impacts on growth, survival at 
highly contaminated sites

• Reproductive effects (e.g. sex 
hormones, gonadal 
development) at more 
moderate exposures

Hg



Mercury and Fish Health – 2 

• Multiple factors can influence fish 
MeHg concentrations: e.g. lake 
trophic status, food web structure, 
water level variations

• Impaired reproduction, altered 
biochemical process associated 
with fish tissue MeHg of  0.3 ppm

• Lab studies showed impaired 
foraging success in larval yellow 
perch with increasing MeHg

Sandheinrich and Wiener, 2011; Wiener et al., 2012; Armstrong et al., 2020 



PCBs and Fish Health

• Though mostly phased out in 1970s (and have seen lower 
values), elevated PCB concentrations persist in Great Lakes

• Recent meta-analysis of  mortality, 
growth, reproductive success:
25% of  fish species would be 
impacted at 0.1 – 7.5 ug/g total PCBs

Giesy and Kannan, 1998; Berninger and Tillitt, 2019; Brun et al., 2021; ECCC and USEPA, 2021 

• Non-dioxin-like congener exposures 
in zebrafish led to neurodevelopment 
effects in recent study

• Potential neurotoxicity, endocrine disruption, 
dioxin-like toxicity



Dioxins and Fish Health

• Toxicity typically assessed considering 
dioxins, furans, and dioxin-like PCBs; Lake 
trout sac fry, embryos esp. sensitive

• Dioxin levels in Lake Ontario in mid-20th

Century (sediment analysis) sufficiently high to 
reduce lake trout sac fry survival

Cook et al., 2003; Tillitt et al., 2017; Pagano et al., 2018 

• Lake sturgeon susceptible to embryo toxicity 
and reduced swimming performance due to 
2,3,7,8-TCDD and PCB-126

• Levels have been declining in the Great Lakes, 
but still concerns



PBDEs and Fish Health

• With phaseouts, levels of  PBDEs 
generally declining in Great Lakes fish; 
decaBDE increasing in sediments

• Lab studies show thyroid system impacts (e.g. 
lower thyroxine levels)

• Studies also show reproductive impacts (e.g. 
reduced egg production)

Yu et al., 2015; Meng et al., 2020; Zhou et al., 2019; ECCC and USEPA, 2021 

• Liver impacts, DNA damage (likely due to 
oxidative stress) observed in zebrafish 
exposed to BDE-47, BDE-153

https://commons.wikimedia.org/w/index.
php?curid=260841



PFAS and Fish Health

• State of  the Great Lakes 
monitoring shows no clear overall 
pattern for PFOS in fish

• Challenges: > 5,000 potential chemicals to assess
• Lab study showed impaired swim bladder 

inflation, hyperactivity in zebrafish exposed to 
PFHxS, PFOS

Gaballah et al., 2020; Ankley et al., 2021; ECCC and U.S. EPA, 2021

• Overall, studies show increased 
reproductive toxicity compared to 
impacts on growth



Other Toxic Chemicals and Fish Health
• Multiple chemicals found in Great Lakes environment, 

including flame retardants, plasticizers, fragrances, pesticides, 
steroid hormones, Bisphenol A, pharmaceuticals, etc. 

• Field survey of  > 200 chemicals in sunfish at 27 sites in six 
Great Lakes tributaries found consistent adverse biological 
effects at Fox River sites

Thomas et al., 2017 

• Integrative analysis showed 
association between CEC 
exposures, blood glucose 
concentrations, and increased 
liver size, vacuoles

USGS



Concluding Thoughts
• Evidence of  historic injury to fish populations in Great Lakes 

from legacy chemicals, and concerns with certain CECs

• More lab and field research needed on toxicity of  many CECs

• More work needed on chemical mixtures, including

• Environmental occurrence of  mixtures in relation to 
sources, etc. (Elliott et al., 2018)

• Toxicity, including as informed through quantitative 
adverse outcome pathway framework (Ankley et al., 2021)

• More research on broader, food web implications of  CECs, 
including related to variable exposures across generations, and 
considering multiple stressors (Nilsen et al., 2019)


