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Introduction

Joshua Gray, PhD
US Coast Guard Academy

The opinions expressed by Dr. Gray are his 
own and do not reflect an endorsement by 
Coast Guard Academy, the Coast Guard or the 
Department of Homeland Security.



Learning Frameworks for Other Courses 
at CourseSource.org



Toxicology Core Concepts
• Evolution–evolution drives the interplay between toxicants/toxins and 

xenobiotic defense mechanisms and justifies the use of model 
organisms.

• Biological Information–differences in genomes and environmental 
exposure drive differences in susceptibility and responses to toxicants.

• Risk Assessment and Risk Management–epidemiology and 
historical events together with science drive regulatory responses to 
risk to individuals and the environment.

• Systems Toxicology–toxicants affect cellular, organ, individual, and 
ecological systems.

• Pathways and Transformations of Energy and Matter–interaction of 
toxicants with organisms described through paradigms in dose 
response, ADME, and toxico-/pharmacokinetics.



Integrate Core Competencies Throughout 
the Curriculum

• Ability to apply the process of science–biology is evidence-based and 
grounded in the formal practices of observation, experimentation, and 
hypothesis testing

• Ability to use quantitative reasoning–biology relies on applications of 
quantitative analysis and mathematical reasoning

• Ability to use modeling and simulation–biology focuses on the study of 
complex systems

• Ability to tap into the interdisciplinary nature of science–biology is an 
interdisciplinary science

• Ability to communicate and collaborate with other disciplines–biology is a 
collaborative scientific discipline 

• Ability to understand the relationship between science and society–
biology is conducted in a societal context



Toxicology Resources at Beyond Benign

Nimrat Obhi



On behalf of Beyond Benign I wish to acknowledge the unceded land on which we operate. 
For years it has been the traditional land of the Pawtucket and Massa-adchu-es-et (Massachusett) Nations. For today’s 

presentation, I acknowledge that I live and work on Anishinaabe Algonquin territory in Ottawa, Canada.

Beyond Benign acknowledges the painful history of genocide, colonialism, and forced removal from these territories. 
We also acknowledge that further education is needed on our part to learn the full history of the land we occupy and 
all the Indigenous Peoples it belongs to. Presently, this meeting place is still home to many Indigenous Nations across 

Turtle Island and we honor, respect, and celebrate the diversity of peoples that are connected to this land.

We also acknowledge that in today’s virtual space, we and those listening occupy unceded land and territories 
belonging to Indigenous Nations across the world.

Beyond Benign commits to educating ourselves, supporting Indigenous communities, and decolonizing our 
organization, practices, programs, and activities.

Beyond Benign used the following list of resources to help us put together our Land Acknowledgement and for 
education on decolonizing.

https://drive.google.com/file/d/18mt-9rA0WNtQzaZj1qdLQdZYEtdyg0gs/view?usp=sharing


What is Green Chemistry?

“Green Chemistry is a 
revolutionary approach to 
the way that products are 
made; it is a science that 
aims to reduce or eliminate 
the use and/or generation 
of hazardous substances in 
the design phase of 
materials development.” 
– John Warner, Co-Founder 
of Green Chemistry
Adopting green chemistry 

starts with education!



Beyond Benign Works Across the Education Continuum 
to Foster Transformative Change in STEM Education

Beyond Benign is a non-profit organization founded in 2007 by Dr. John Warner and Dr. Amy Cannon. 

Beyond Benign is dedicated to fostering a green chemistry education community that empowers educators to transform 
chemistry education for a sustainable future. 



Beyond Benign Works Across the Education Continuum 
to Foster Transformative Change in STEM Education

Beyond Benign is dedicated to fostering a green chemistry education community that empowers educators to transform 
chemistry education for a sustainable future. 

K-12

Out of School 
Programs

Higher Ed

Grad School

Workforce

Inspire future 
chemists.
Educate consumers 
and citizens.

Demystify 
chemistry.
Spark interest in 
chemistry.

Train chemistry 
innovators.
Prepare 21st 
century chemists.

Educate future 
scientists.
Build chemistry 
skills.

Implement 
sustainable practices.
Innovate for 
sustainability.



The Green Chemistry Commitment (GCC) 
Program

All Green Chemistry Commitment signers commit towards adopting the 
following Student Learning Objectives in their departments:

The Green Chemistry Commitment (GCC) is a consortium program that unites the green chemistry 
community around shared goals and a common vision to: 

• Expand the community of green chemists
• Grow departmental resources
• Improve connections to industry and job opportunities in green chemistry
• Affect systemic and lasting change in chemistry education 

Laboratory Skills: Practice 
Green Chemistry 

Application: Apply Green 
Chemistry to Serve Society 

Theory:  Green Chemistry 
Principles 

Toxicology: for Chemists 
to Design  

93 signers globally, including: 77 in North 
America; and in the following countries: 

Brazil (3), Colombia (2), Thailand (1), 
Nigeria (2), Kenya (1), Australia (1), 
Germany (1), India (2), Sweden (1), 

South Africa (1),
United Kingdom (1)

https://www.beyondbenign.org/he-green-chemistry-commitment/ https://www.beyondbenign.org/he-whos-committed/

https://www.beyondbenign.org/he-green-chemistry-commitment/
https://www.beyondbenign.org/he-whos-committed/


Why Should Chemists Know Toxicology?
Toxicology = the understanding of what makes a molecule hazardous



Why Should Chemists Know Toxicology?

• Chemists, with the right skills, can design solutions for a sustainable future!

Toxicology for Chemists: https://www.beyondbenign.org/he-toxicology-for-chemists/
Department of Labor: https://blog.dol.gov/2021/04/21/where-the-green-jobs-grow

• The demand for greener chemicals and 
chemistry practices is rising!

• Designing safer, less hazardous chemical 
products is a priority

• Traditional chemistry courses and knowledge 
does not give chemists an understanding of what 
makes a material hazardous!

• Synthetic methods should be designed to use 
and generate substances that possess little to no 
toxicity to health and environment

• Chemistry products should be designed to affect 
their desired function while minimizing their 
toxicity!

https://www.beyondbenign.org/he-toxicology-for-chemists/
https://blog.dol.gov/2021/04/21/where-the-green-jobs-grow


Why Should Chemists Know Toxicology?
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• Synthetic methods should be designed to use 
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• The demand for greener chemicals and 
chemistry practices is rising!

• Designing safer, less hazardous chemical 
products is a priority

• Traditional chemistry courses and knowledge 
does not give chemists an understanding of what 
makes a material hazardous!

• Synthetic methods should be designed to use 
and generate substances that possess little to no 
toxicity to health and environment

• Chemistry products should be designed to affect 
their desired function while minimizing their 
toxicity!

The 12 Principles of Green Chemistry: Anastas, P.T., Warner, J.C.; Green Chemistry Theory and 
Practice, 1998, Oxford University Press



The Toxicology for Chemists Curriculum

• An open-access curriculum to educate and empower chemists to use toxicology 
knowledge to practice sustainable and societally-relevant science.

Open-Access 
Curriculum 

Professional 
Development

Project launched in 2019 - Advisory group formed of chemists      and toxicologists 
3-year project:
1. Planning, launch and development of 3 Toxicology units (2019)
2. Continued Development of Toxicology units, pilot testing, and promotion (2020) 
3. Continued Development of Toxicology units, pilot testing, and promotion of Toxicology for     
resources  (2021 – 2022)

•Reduce illness from hazardous chemicals
•Ensure sharing of knowledge and skills for sustainable development
•Retrofit industries to make them more sustainable
•Achieve environmentally sound management of chemicals
•Enhance scientific research and upgrade the technological capabilities of industrial sectors
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Project launched in 2019 - Advisory group formed of chemists      and toxicologists 
3-year project:
1. Planning, launch and development of 3 Toxicology units (2019)
2. Continued Development of Toxicology units, pilot testing, and promotion (2020) 
3. Continued Development of Toxicology units, pilot testing, and promotion of Toxicology for     

Chemists resources  (2021 – 2022)

UN SDGs: https://sdgs.un.org/goals

https://sdgs.un.org/goals


7. Environmental fate, persistence, and biodegradation
Karolina Mellor and Predrag Petrovic, Yale Center for Green Chemistry and 
Green Engineering

8. Environmental toxicology
Nesta Bortey-Sam and Samantha Totoni, University of Pittsburg

9. Ecotoxicology: Aquatic and terrestrial toxicity
Bryan Brooks and Laura Langan, Baylor University

10. Structure-activity relationships: How does structure 
impact function, and toxicity?
Adelina Voutchkova and Diana Ainembabzi, George Washington University

11. Predictive toxicology: Tools and strategies for 
predicting toxicity of chemicals
Jakub Kostal and Charlotte Snyder, George Washington University

12. Designing for reduced toxicity: Case studies and resources
Darrell Boverhof, Dow; Pamela Spencer, ANGUS Chemical; Beyond Benign 

The Toxicology for Chemists Curriculum

12 modules with teams of curriculum developers; introductory course

1. Understanding the principles and history of toxicology
Amy Cannon, Beyond Benign and John Warner, Zymergen

2. Understanding hazard and risk
Saskia van Bergen, Washington State Department of Ecology

3. Toxicokinetics and Toxicodynamics
Dalila Kovacs, Grand Valley State University; and Nesta Bortey-Sam and 
Abdul Alobireed, University of Pittsburg

4. Reaction mechanisms: types of chemical reactions and 
their link to toxicity

Barb Morra, University of Toronto, Julian Silverman, Manhattan 
College and Doug Raynie, South Dakota State University

5. Target organ toxicity: mechanisms of action
Wendy Heiger-Bernays and Emily Hammel, Boston University School of 
Public Health

6. Toxicity of metals
Nesta Bortey-Sam and Samantha Totoni, University of Pittsburg



Aligning Chemistry and Toxicology Learning Objectives

Project launched in 2019 - Advisory group formed of chemists      and toxicologists 
3-year project:
1. Planning, launch and development of 3 Toxicology units (2019)
2. Continued Development of Toxicology units, pilot testing, and promotion (2020) 
3. Continued Development of Toxicology units, pilot testing, and promotion of Toxicology for     
resources  (2021 – 2022)

• Faculty are able to connect toxicology 
concepts directly to concepts they are 
teaching within their chemistry courses. 

• For example, the 6 most common 
mechanisms of protein binding in toxicology 
directly connects to reaction chemistry 
learned in the organic chemistry curriculum.

Organic Chemistry Concepts: Electrophilic Chemical 
Reactions, ACS Concept Map: 5.B.1 and 5.D.1-2.

Toxicology Concepts: DNA and protein binding; 
Toxicological reaction mechanisms; Electrophilic 
reactions for predictive toxicology

Measurement and Estimation of Electrophilic 
Reactivity for Predictive Toxicity, Cronin, M.T.D., et. al., 
Chem. Reviews, 2011, 111, 2562-2596.



What Can You Find in the Modules?

Project launched in 2019 - Advisory group formed of chemists      and toxicologists 
3-year project:
1. Planning, launch and development of 3 Toxicology units (2019)
2. Continued Development of Toxicology units, pilot testing, and promotion (2020) 
3. Continued Development of Toxicology units, pilot testing, and promotion of Toxicology for     
resources  (2021 – 2022)

• Modules have been developed for an estimated 3 hours of lecture content each (some 
may be more or less, depending on the topics)

Lecture PowerPoint slides
• 60-minute lectures
• Detailed outline, learning outcomes, case studies, summary slides

Supplementary Information
• Lesson plan
• Background readings
• Open-source supplemental resources (videos, other curriculum, labs, web-based resources, 

etc.)
• Homework and activities: in-class and out-of-class assignments and/or laboratory exercises
• Supplemental videos
• Appendix with key toxicology keywords and glossary



How Can Educators Use the Curriculum?

Project launched in 2019 - Advisory group formed of chemists      and toxicologists 
3-year project:
1. Planning, launch and development of 3 Toxicology units (2019)
2. Continued Development of Toxicology units, pilot testing, and promotion (2020) 
3. Continued Development of Toxicology units, pilot testing, and promotion of Toxicology for     
resources  (2021 – 2022)

Julian Silverman, PhD
Assistant Professor

Barb Morra, PhD
Associate Professor, 

Teaching Stream

Doug Raynie, PhD 
Associate Professor

• Our 2021 ACS GC&E workshop addressed different ways to incorporate 
Toxicology for Chemists into existing chemistry curricula!

• “Chem ToxTidbits” vs. “Multiple Modules” vs. “The Full Dose”
• Priorities: easy-to-use content and support for educators to implement modules

Natalie O’Neil, PhD
Program Manager, 
Higher Education
Beyond Benign

@natjoneil

Amy S. Cannon, PhD
Executive Director, 

Co-Founder
Beyond Benign 
@Amy_Cannon 











Other Beyond Benign Toxicology Resources

https://www.beyondbenign.org/curriculum_topic/he-toxicology/

Lessons On Our Website (HEd):
• Chirality
• Design for Biodegradability
• Electrophilic Reactions
• Hazard Evaluation
• Lab: Daphnia Bioassay
• Lab: Global Warming and 

Greenhouse Gas Experiment
• Lab: Lettuce Seed Assay
• pKa and Skin Irritation

https://www.beyondbenign.org/curriculum_topic/he-toxicology/


Other Beyond Benign Toxicology Resources

https://www.beyondbenign.org/he-toxicology-for-chemists/

https://www.beyondbenign.org/he-toxicology-for-chemists/


Timeline for Curriculum Release
+ How to Keep in Touch!

We want you to join us in the fun!  

2022 Toxicology for Chemists
Curriculum Calendar:

January – June: pilot testing

June – July: final revisions and edits 
made to the curriculum

August: launch the curriculum at the 
ACS BCCE Conference during our 
workshop!

Nimrat K. Obhi, Program Manager, Higher Education
Toxicology for Chemists lead

Contact me at nimrat_obhi@beyondbenign.org
Connect with me on Twitter @ennkayoh

Catch me at these conferences!
ACS GC&E (June) • CCCE (June) • BCCE (August)

Toxicology for Chemists: Flexible Approached to Integrating 
Toxicology Principles into Higher Education Chemistry 

Courses

https://www.bcce2022.org/event-search?tid_3%5B26%5D=26&keys=

https://www.bcce2022.org/
mailto:nimrat_obhi@beyondbenign.org
https://www.bcce2022.org/event-search?tid_3%5B26%5D=26&keys=


Discussion



Toxicology Core Concepts
• Evolution–evolution drives the interplay between toxicants/toxins and 

xenobiotic defense mechanisms and justifies the use of model 
organisms.

• Biological Information–differences in genomes and environmental 
exposure drive differences in susceptibility and responses to toxicants.

• Risk Assessment and Risk Management–epidemiology and 
historical events together with science drive regulatory responses to 
risk to individuals and the environment.

• Systems Toxicology–toxicants affect cellular, organ, individual, and 
ecological systems.

• Pathways and Transformations of Energy and Matter–interaction of 
toxicants with organisms described through paradigms in dose 
response, ADME, and toxico-/pharmacokinetics.



Toxicology Curriculum 
Resources



Recommended Reading to Utilize the 
Undergraduate Learning Framework

Vision and Change reports @ www.visionandchange.org

Undergraduate Toxicology Learning Framework paper from ToxSci. 
https://doi.org/10.1093/toxsci/kfz090

“Adopting the Undergraduate Toxicology Learning Framework” webinar 
https://www.toxicology.org/education/edu/ugWebinars.asp (a shorter 
version of Webinar 1)

“BioCore Guide: A Tool for Interpreting the Core Concepts of Vision and 
Change for Biology Majors” (discusses adoption of V&C to other 
courses/programs) 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4041499/

about:blank
about:blank
about:blank
about:blank


1. An Introduction to the Core Concepts of Toxicology—September 1

Toxicology Core Concept: 
2. A Focus on Evolution—September 29
3. Biological Information: Toxicology and the Genome—October 18
4. Pathways and Transformations of Toxicants, from Dose-Response to 

ADME—November 22
5. Systems Toxicology—December 14
6. Risk Assessment—January 28

7. A Culmination of Core Concepts to Teach Toxicology—April 11

Toxicology Curriculum Webinar Series



Undergraduate Teaching Resources
CourseSource.org 

CourseSource is an open-access journal of peer-reviewed teaching resources for 
undergraduate biological science courses.  

Lessons are easily adoptable, include everything needed for fast incorporation 
into a course.

The Undergraduate Toxicology Learning Framework is available at the site.

CourseSource.org provides a place to publish your activitiesꟷfor more details, 
contact Course Editors Josh Gray (joshua.p.gray@uscga.edu) or Wade Powell 
(powellw@kenyon.edu).  Authors retain copyright for their work.

mailto:joshua.p.gray@uscga.edu
mailto:powellw@kenyon.edu


Undergraduate Teaching Resources
LifeSciTRC.org

The Life Sciences Teaching Resource Community (LifeSciTRC) is a free 
online community for life science educators at all levels.

Includes a wide range of items beyond just lessons, including syllabi, 
short activities, animations, links to other educator pages, and more.

Sharing your own resources is free, and you retain ownership of your 
submitted content.  



Undergraduate Teaching Resources
Eminent Toxicologist Recorded Lecture Series

The Eminent Toxicologist Lectures are historically relevant, high-quality 
presentations appropriate for senior undergraduate students, graduate students, 
or the scientifically oriented general public. 

Are free online recordings suitable as “electronic guest lectures” for your 
undergraduate toxicology course.

Includes learning objectives and teaching materials for ready adoption into your 
courses.  

Correlated with the Undergraduate Toxicology Learning Framework.

Freely available without SOT membership for student access:  
https://www.toxicology.org/education/edu/eminent.asp

https://www.toxicology.org/education/edu/eminent.asp


SOT Educational Resources





ToxMSDT

• Currently under review
• Six learning modules which includes active learning and case studies 

illustrating principles in toxicology
• https://www.toxmsdt.com/skills-development.html

https://www.toxmsdt.com/skills-development.html


ToXchange 
Discussion 
Community

about:blank


Resources From This Series



Summary of Series



Thanks for Your 
Participation!
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