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o Where and how the science of toxicology should 
be presented in the undergraduate curriculum ?

o How can we graduate students that will make 
informed decisions --personal, business, and 
political -- about something as important as 
product safety without some level of toxicology 
training? 
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Toxicology in Green Chemistry 
Education



Often comments….. 

 "there is not enough time in the semester” 

 "you do not need a class in automotive engineering 
to drive a car” 
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Green Chemistry 

Principles of green chemistry: PRODUCTIVELY  Samantha L. Y. Tang, Richard L. Smith and Martyn 
Poliakoff, Green Chem., 2005, 7, 761  DOI: 10.1039/b513020b
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MI Chemistry graduates-2013
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U.S. colleges and universities approved by the American 
Chemical Society (ACS) granted 14,577 bachelor’s degrees 
in chemistry, 1,986 master’s degrees, and 2,543 doctoral 
degrees. 

19,000 students were trained in chemistry in just one year.

>600 colleges and universities offer ACS-approved 
programs.

1 (one) of these programs requires classes in toxicology or 
environmental impacts: University of Massachusetts 

Boston’s Ph.D. program; two Ph.D. students (2009). 

Cannon & Warner (2011) New Solutions, 21(3): 512
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US Chemistry graduates-2009



“Learning about how to identify and 
avoid using or making toxic materials 
is essentially absent from the 
education of chemists. “

Cannon & Warner (2011) New Solutions, 21(3): 512
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The Need for Toxicology in Chemistry Education

A joint project:
o Michigan Green Chemistry Clearinghouse MGCC
o Grand Valley State University GVSU

Aimed to: 
o initiate a conversation about toxicology as part        

of green chemistry 
o bring the subject to educators and public 

attention
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o Bring together specialists in toxicology from very 
different backgrounds (industry, academia, 
public health)

o Integrate different perspectives in order to raise 
awareness about toxicology and generate 
ideas for incorporating toxicology into chemistry 
education.” 
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GVSU

o signed the Green Chemistry Commitment – 2013

o working on toxicology inclusion into chemistry 
curricula, including the green chemistry 
certification program-current
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Toxicology content in an existing course
CHM321-Environmetal Chemistry
CHM311-Green Chemistry & Industrial processes

Environmental Sciences: 
CHM321-Environmetal Chemistry
CHM322-Environmetal Chemistry 

ENV201—Introduction to Environmental studies

GVSU-Existing courses/content
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Where do you get your information 
to make decisions on whether a 
product or chemical is hazardous?
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MGCC
an open access website and online community

o green chemistry informational content & resources

o dynamic community of green chemistry practitioners

o connect Michigan to the wider green chemistry 
community (national and international)

www.migreenchemistry.org
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Project web pages
• Documents
• Course materials
• Resource links
• Calendar, news & events
• Webinar recordings
• Navigation to other 

elements

Discussion 
Forums

YouTube 
Channel

Webinar Series

Virtual Learning 
Environment 

(Moodle)

RSS Feeds

www.migreenchemistry.org
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Toxicology Training-The Missing Element in a 
Chemist’s Background”
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http://migreenchemistry.org/community/forum/toxicology-1/

Toxicology Training for Green Chemists

Forum:   Product Safety

1. Do you avoid eating certain foods, using certain products, or taking 
any medications because you believe they are harmful to your 
health? 

2. How serious is the problem of hazardous chemicals to our survival as 
a species (minor, intermediate, major, or we are doomed)? 

3. Where do you get your information to make decisions on whether a 
product or chemical is hazardous?
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How serious is the problem of 
hazardous chemicals to our survival 
as a species?

1

4

10

5

0

2

4

6

8

10

12

Minor Intermediate Major   'Doomed'

1 2 3 4

N
um

be
r o

f s
tu

de
nt

s

6h Michigan Green Chemistry & Engineering 
Green-Up  Conference 
2014, East Lansing, MI



 As a consumer, I should not have to go dig for 
information or determine if a company is lying to 
me about the product. It should be the company's 
main priority to provide consumers with non-
hazardous products and chemicals.

 I think the biggest problem is the consumer 
ignorance. Just like a lot of people, I figured that 
because a product was on a store's shelf, that it 
must be safe and risk free.
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 If people continue to lack education about 
hazardous chemicals and/or manufactures 
continue to use hazardous chemical 
components in their products…the problem 
will eventually get too bad to fix causing an 
irreversible corruption on our society’s 
health.

As a species we are not doomed, but we all 
must work as one to make a change in the 
way we do things.
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o Theory
o Application
o Laboratory skills
o Toxicology
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Toxicology for chemists: 

o translate the  information from the 
macroscopic health effects to molecular 
design.

o create understanding that lead to action to 
reduce hazard at molecular level

Meg Schwarzman
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 Basic principles of toxicology are presented in a 
general education class on Green Chemistry and as 
guest lectures in introductory environmental 
science classes.

 Hazardous chemicals often are discussed in upper 
level classes related to environmental chemistry 
and pollution in addition to 100-200 general 
education classes dealing with environmental 
topics.

 The science behind the hazard determination is 
seldom presented and students do not learn about 
the strengths and weakness of the current 
assessment process. 
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April 7, 2010 by CRC Press

A Framework to Guide Selection of 
Chemical Alternatives   ISBN 978-0-309-
31013-0

February 5, 2014 by CRC Press

Environmental Risk Assessment: A 
Toxicological Approach examines various 
aspects of problem formulation,
exposure, toxicity, and risk characterization 
that apply to both human health and 
ecological risk assessment. The book
is aimed at the next generation of risk 
assessors and students who need to know 
more about developing, conducting,
and interpreting risk assessments.
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Toxicology 101
 Introduction: History, Theory & Concepts,  Regulations

 Types of Toxic Response & Exposure
Acute and Chronic
Endocrine
Reproductive
Direct& Indirect Exposure

 Toxicology in every day life
Food

Pharmaceuticals
Industrial Chemicals
Personal Care Products

 Case Study 
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http://education.seattlepi.com/definition-toxicology-6454.html

Toxicology Today
At Grand Valley State University in Michigan, professor Richard R.
Rediske, Ph.D. outlines six toxicology disciplines: 

Mechanistic-at how chemicals cause toxic effects. 

Descriptive -toxic properties of substances. 

Clinical -how toxins and drugs affect organisms. 

Forensic -a branch of medicine; medical evidence for poisoning.

Environmental -toxins in ecosystems. 

Regulatory –data use in designing governmental policy.
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 Before this class I have always just assumed that if 
stores were able to sell it, the product was safe. I 
realize now that it doesn't necessarily work that 
way. It is hard to find this information since people 
don't really care and its not publicized a lot. 
However, I will probably start searching more 
products on Google and digging deeper before I 
buy them.
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Toxicology 401
 Introduction: History, Theory & Concepts,  Regulations

 Types of Toxic Response & Exposure
Acute and Chronic
Endocrine
Reproductive
Direct& Indirect Exposure

 Toxicology in every day life
Food

Pharmaceuticals
Industrial Chemicals
Personal Care Products

 Case Study 
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http://bcgc.berkeley.edu/toxicology-basics-green-molecular-design
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 Biochemical Toxicology of Insecticides: The Road 
Towards Reduced-Risk Insecticides, Timothy D. Foley

Chemistry Department, University of Scranton timothy.foley@scranton.edu

6h Michigan Green Chemistry & Engineering 
Green-Up  Conference 
2014, East Lansing, MI



Simmons College-2014:
Chemistry 342: Mechanistic Toxicology

 Learning Outcomes:

-Full understanding of field of green chemistry.

-Understand how green chemistry can be 
applied to diverse set of disciplines and industry 
sectors.
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Simmons College-2014:
Chemistry 342: Mechanistic Toxicology

 Learning Outcomes:
-Learn about field of environmental health 

sciences and its overlap and differences from 
classical toxicology.

-Understand fundamental toxicological 
mechanisms and tools for reducing hazard 
through molecular design.

-Understand ecological toxicology and 
how chemicals impact ecosystems and the 
environment 

Professors: J. Warner & A. Canon
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Toxicology: Special Topics
 Chemical Carcinogenesis
 Developmental Toxicology
 Chemical Disposition
 Genetic Toxicology - Mutagenesis
 Toxic Responses of the Nervous System and Behavioral 

Toxicology
 Immunotoxicology
 Toxic Effects of Pesticides
 Toxic Effects of Plants and Animal Toxins
 Risk Assessment
 Regulatory Toxicology
 Toxic Effects of Solvents
 Sediment Ecotoxicology
 Clinical Toxicology
 Etc….
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Chemicals of Concern
Green Science Policy Institute, UC Berkeley

 Fluorinated Chemicals (stain and water repellants)
Jennifer Field, PhD Oregon State University

 Anti-Microbials (triclosan and triclocarban)
Gary Ginsberg, PhD: Toxicologist, Connecticut Dept. of 

Public Health, Yale University and U. Connecticut

 Flame Retardants (brominated, chlorinated, phosphate)
Arlene Blum, PhD Green Science Policy Institute, UC Berkeley

 Plasticizers & Endocrine Disruptors (BPA, phthalates, etc.)
Carol Kwiatkowski, PhD: The Endocrine Disruption 
Exchange, Inc.

http://www.sixclasses.org
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Chemicals of Concern
Green Science Policy Institute, UC Berkeley

 Solvents (benzene, methylene chloride, xylene, etc.)
Liz Harriman: Deputy Director, Massachusetts Toxics Use 
Reduction Institute

 Heavy Metals (lead, mercury, chromium, cadmium, arsenic etc.)
Graham Peaslee, PhD: Hartgerink Professor of 
Chemistry, Hope College

 Do We Need It?
Debbie Raphael: Director, California Department of 
Toxic Substances Control

 Green Chemistry
Bob Peoples, PhD: Former Director of ACS Green 
Chemistry Institute

http://www.sixclasses.org
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Toxicology: The learning curve

 Researchers say that some chemicals 
have unexpected and potent effects at 
very low doses:

NATURE | NEWS FEATURE, Dan Fagin, 2012
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Does NOT:

o “Reinvent” toxicology.  Toxicology is an independent and 
highly complex field of science.

o Expect green chemists to be certified toxicologists 

Does foster:

o Consensus and prioritization of toxicology’s aspects essential for 
green chemistry

o Awareness of emerging issues in toxicology, predictive 
toxicology etc.

Toxicology in Chemistry Education
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Often comments….. 

 "there is not enough time in the semester” 

 "you do not need a class in automotive engineering 
to drive a car” 
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“Having some sort of class where the 
environmental impacts of chemicals is taught 
does have significance to everyone's life whether 
or not they want to acknowledge it.”

“I think this is enough reason (for there) to be a 
requirement for those who do not take an upper 
level chemistry class to have to take a general 
education class regarding toxicology.”

“…for the ‘not enough time’ for a toxicology 
class in the semester, I would have to say that if 
there is enough time for me to be required to 
take a history class, then there is time for a 
toxicology class!”
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What students think?
“I believe that there should be an option in the general 
education requirements where students can choose to 
participate in a toxicology class.

This is important because this type of requirement forces students 
to learn about chemistry that pertains to their everyday life. 

Many students complain about chemistry and other classes 
being pointless because they believe there is no reason for them 
to learn something they will not use. Having some sort of class 
where the environmental impacts of chemicals is taught does 
have significance to everyone's life whether or not they want to 
acknowledge it..”
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 I think the problem of hazardous chemicals to our 
survival as a species is very major. Before taking my 
current green chemistry class I never thought about 
what certain products/chemicals do to the 
universe…

 Most people don't do enough because they don't 
understand the problem and others know and just 
choose to ignore. I believe everyone should have to 
become educated on the subject because of how 
serious it is
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Advanced Green Chemistry 
High School Workshop 

$

 Review three case studies
 Group work lesson plan/lab development 
 Group idea sharing

August 4, 2014
Steelcase

Beyond Benign



Case studies

Cogent Fabrics

Ecovative

Sharklet



Clinton S. Boyd, PhD

Principal – Green Chemistry & 
Sustainability | Legal Strategies |
Email: CBOYD6@steelcase.com
Phone: 616-954-1002

Thank You!

Dalila Kovacs, PhD

Associate Professor
Chemistry Department
Grand Valley State University
Email: kovacsd@gvsu.edu
Phone: 616-331-3806

For more information, please contact:
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