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Graduated from MSU with BS in Fisheries
and Wildlife, 1982—good jobs with MI DNR
pretty uncommon—onto grad school!

Interested in fish physiology/biochemistry
and environmental pollution so fascinated
by work showing specific changes 
in MFOs by PAHs

Spent 5 years at UGA studying effects of 
environmental factors on Phase 1 and 2
xenobiotic-metabolizing enzymes in fish

Became an “expert” in the area,
but wasn’t sure what any of this actually 
meant or what should come next! 
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Moved to postdoctoral position in Dept. of
Fisheries and Wildlife at MSU in 1987

Joined dynamic (and eclectic) group of young
scientists engaged in projects ranging from 
contaminated sediments to effects of
organochlorines on Great Lakes fish/birds

Started to appreciate critical role of applied
research and “roles” of measurements at
different biological levels of organization

Emphasis on Ah-receptor signaling pathways
and apical adverse effects

Still looking for a “real” job!



Started at EPA ORD lab in Duluth May, 1988

Considered by many to be the premier ecotox
research lab in world

Joined effluent program developing TIE methods
to support WET-based regulation

Serves as Duluth lead for emerging EPA
initiative-development of tests and criteria for
contaminated sediments

Effluent/sediment testing programs arguably most
applied/client-driven work conducted by ORD in
that era

Sediment effort, especially, highlighted importance 
of extensive, multi-partner consortiums to address
tough environmental challenges

http://www.epa.gov/cgi-bin/epalink?target=http://www.epa.gov/&logname=epahome&referrer=seal


Duluth lab also renown for pioneering
work in the area of predictive ecotoxicology

QSAR models for predicting narcosis toxicity
and chemical bioaccumulation

Identification of likely toxic mode-of-action
based on structure

Development of mechanism-based
bioconcentration/bioaccumulation models

Surprisingly little interaction between the
“empirical” and “predictive” toxicologists 
at the lab; working in both areas 
considered a bit odd… 



Scientific Developments and Regulatory 
Challenges at the Turn of the Century

- Unprecedented breakthroughs in biological knowledge/tools
- Sequencing of human genome spawns data, concepts, 
and tools to support multi-faceted ‘omics 
- High-throughput technologies revolutionize in vitro testing
- Bioinformatic techniques enable mining of high-content 
data and support systems-based modeling

- New requirements and a changing landscape for 
regulatory (eco)toxicology

- Legislated requirements for data for many more chemicals, 
species, and endpoints than in the past (e.g., REACH)
- Need to understand not only apical outcomes, but
mechanistic basis of outcomes
- Desire for more information tempered by increasingly
limited testing resources/animal welfare concerns  



EDCs “poster child” for new challenges 
facing the field

Unprecedented in terms of public visibility

Desire to assess 1000’s of chemicals as 
possible EDCs in prospective/retrospective
settings with few new resources

Need to link perturbation of specific pathways
(EAT) to adverse apical outcomes, requiring 
development of tests with both mechanistic 
and apical endpoints

Scope of the issue world-wide, compelling
international communication/collaboration
(e.g., OECD)

Personally invigorating, but intimidating…

http://www.epa.gov/cgi-bin/epalink?target=http://www.epa.gov/&logname=epahome&referrer=seal


Fueling A Paradigm Shift in Regulatory Toxicology
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Predicting Chemical Toxicity
with Limited Data

• Identify “normal” biological pathways whose perturbation 
results in adverse responses to chemicals

• Determine chemical characteristics that enable them to 
perturb these pathways

• Develop mechanism-based approaches to measure 
these characteristics
– In silico (computational) methods (e.g., QSAR)
– In vitro pathway-based measures of bioactivity
– Short-term in vivo tests with pathway-specific, biomarker-type 

endpoints
• Translate these mechanistic data into transparent 

depictions of potential risk/hazard

http://images.google.com/imgres?imgurl=http://static.twoday.net/bmworacleracing/images/crystal_ball2_bmwPreview.jpg&imgrefurl=http://openeuropeblog.blogspot.com/2008_07_01_archive.html&usg=__SnNCbPTRFAAMjZ5GI167TX8AsMc=&h=263&w=400&sz=22&hl=en&start=2&tbnid=uEWQyKoCpJUnGM:&tbnh=82&tbnw=124&prev=/images%3Fq%3DCrystal%2Bball%26gbv%3D2%26hl%3Den


An Adverse Outcome Pathway (AOP) is a conceptual framework that portrays existing knowledge 

concerning the linkage between a direct molecular initiating event and an adverse outcome, at a 

level of biological organization relevant to risk assessment.
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AOP Framework: Meeting the Challenges of 
Integration, Translation and Communication

• Builds on existing concepts (e.g., MOA) 
to help address decades-old dilemma of 
making meaningful linkages across levels 
of organization

• Essentially “ties” empirical to predictive 
toxicology
– Neither is better—both are essential

• Concurrent development of AOP wiki 
enables new approaches to 
exploring/accessing toxicological data

• Applications to both prospective and 
retrospective assessments
– Assessing EDCs
– Prioritizing testing
– Complex mixture toxicity



Changes (or not?) Over Last 30+ Years

• Always something new to engage us…but typically 
with no guarantee of new resources

• While the challenges we face often seem 
daunting…they are not insurmountable

• Require innovative, cross-disciplinary application 
of concepts/tools

• Collaboration is a must—cannot allow boundaries, 
scientific or regional, to act as impediments
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