Article
Cite This: J. Chem. Educ. XXXX, XXX, XXX−XXX

pubs.acs.org/jchemeduc

Biological Impact and Ethical Implications of Pesticide Use: A Short
Module for Upper-Division-Undergraduate Biochemistry Courses
Lisa M. Ryno*,†,§ and Cheryl Cottine‡,§
†

Department of Chemistry and Biochemistry, Oberlin College, 119 Woodland Street A263, Oberlin, Ohio 44074, United States
Department of Religion, Oberlin College, 10 North Professor Street, Oberlin, Ohio 44074, United States

‡

Downloaded via OBERLIN COLG & CONSERVATORY on August 21, 2018 at 13:07:30 (UTC).
See https://pubs.acs.org/sharingguidelines for options on how to legitimately share published articles.

S Supporting Information
*

ABSTRACT: In the Fall of 2015 and in the 2016−2017 academic year, we conducted a two-week, team-taught,
interdisciplinary module concurrently in an advanced biochemistry course, oﬀered in the Chemistry and Biochemistry
Department, and a sophomore-level environmental-ethics course, oﬀered in the Religion Department, at Oberlin College. The
focus of the unit was the mechanism of pesticides and the ethics of their use domestically and in agriculture, using Silent Spring
by Rachel Carson as a primary text. The general question our students explored was: How does understanding the chemistry of
various pesticides impact biological systems and larger preservation and conversation practices? Posing the question in this
manner signaled to students that to adequately grapple with pressing environmental concerns, we must utilize an integrated
approach and response. Students in both classes were exposed to chemical and biological mechanisms of diﬀerent types of
pesticides at their level of assumed knowledge and learned about several ethical theories that they then applied to real-world
case studies. The two instructors (a biochemist and an ethicist) visited each other’s classrooms and taught lectures relevant to
their specialties (e.g., the biochemist taught a lecture on pesticide mechanisms of action). Students completed a reﬂection
assignment about the unit as well as a research paper about a pesticide of their choice, which demonstrated their knowledge
about the pesticide’s mechanism of action and explored the ethics of that pesticide’s use. We believe this module is easily
adaptable to any biochemistry or environmental chemistry course. We provide a detailed description of the module and our
assessment of its impact on students’ ability to apply general ethical theories to complex societal issues.
KEYWORDS: Ethics, Biochemistry, Upper-Division Undergraduate, Interdisciplinary/Multidisciplinary,
Problem Solving/Decision Making

■

INTRODUCTION

incorporated in the curriculum can vary widely across diﬀerent
institutions.3−6 Explicit discussions of research ethics occurs
for all students participating in NIH- and NSF-funded research
and is often also incorporated into classroom laboratory
experiments.7,8 Limiting students’ exposure to moral dilemmas
centered solely around the execution of scientiﬁc research,
however, is a disadvantage to their development as critical
thinkers. Coppola and Smith noted that ethics permeates the
average responsibilities of a scientist, from the design of
experiments and data collection to collaboration with and
evaluation of colleagues.9 Our approach, which teaches
students fundamental ethical theories that can be applied to
any type of problem, encourages students to start considering
additional, deeper questions, particularly those associated with
social responsibility, when undertaking or analyzing a project.
Students began to ask scientiﬁc questions within a humanitarian framework and discovered that ethical reﬂection
rehumanizes the scientiﬁc endeavor. Adopting this mindset
helped students think broadly about the implications of a
particular scientiﬁc research project or experiment and
consider the often-numerous stakeholders involved in and
impacted by a particular project outcome or action. McArthur
and Smith (colleagues from the Philosophy and Chemistry

Here we describe the implementation and qualitative assessment of an interdisciplinary, team-taught module on the
biochemical mechanisms of pesticides and the ethics of their
use in agriculture. We encouraged our students to augment
their knowledge of a pesticide’s biochemical inﬂuence on an
ecosystem by asking broader questions of ethical responsibility.
We reminded students that one cannot ignore the science
behind certain preservation and conservation mechanisms, nor
is it acceptable to ignore the larger ethical implications of
proposed interventions. This module served a three-fold
purpose: (1) to introduce and demonstrate the application
of diﬀerent ethical doctrines to scientiﬁc problems, (2) to
explore the molecular and physiological mechanisms of action
of commonly used pesticides, and (3) to create an
interdisciplinary and active discussion about the responsible
use of chemicals and their impact on humans and the
environment.
Technological advances have the potential to mediate
societal problems, though these advances can raise complicated
moral questions that need to be evaluated and explained
carefully to the public. Therefore, the incorporation of ethics in
undergraduate chemistry courses is critical for the development of the next generation of scientists and citizens of the
world.1 The American Chemical Society dictates that “[e]thics
should be an intentional part of the instruction in a chemistry
program” for accredited departments,2 though how ethics is
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ethical theory discussed in class. The instructors utilized a
short reﬂection assignment, due shortly after the completion of
the module, and end-of-semester evaluations to assess the
success of the module as a whole.
Although many chemistry courses incorporate discussions
and examples that have ethical and environmental content, this
is the ﬁrst description, to our knowledge, of a brief module that
operates as an interdisciplinary, team-taught, and discussionbased unit focusing on the mechanisms of action and ethical
implications of pesticides in the environment. Although the
success of this module is not necessarily dependent on having
two instructors, one an expert in ethics (C.C.) and the other an
expert in biochemistry (L.M.R), we believe that this
interdisciplinary pairing added additional depth to the module
and demonstrated the fruitful nature of collaboration between
a humanist and scientist. We demonstrated to students that a
question, in this case, whether the use of pesticides is safe and
justiﬁed, can be examined from multiple viewpoints, and by
working together, we are able to generate a comprehensive and
informed assessment of that problem. We believe this module,
described below, can be easily adopted and adapted by any
instructor interested in adding an ethical and environmental
component to their current chemistry courses.

departments of Colby College, respectively, who advocated for
ethics to be taught in science courses in the early 1980s), note
that “[t]he goals of an ethics course are to learn how to give
reasons for one’s views and what sorts of reasons are in the
ﬁnal analysis acceptable.”10 With respect to pesticide use and
development, students not only considered the eﬀectiveness of
a particular chemical compound on its intended target but also
the impact the pesticide had on diﬀerent ecosystems as well as
on those who actually produce the product, both physically
and ﬁnancially. When students considered both the wider
implications of pesticide use as well as its means of production,
they naturally began asking diﬀerent questions than the ones
they would have asked if addressing the issue from a purely
scientiﬁc framework.
We chose Rachel Carson’s book Silent Spring as the primary
text for the module.11 A common text for environment-focused
chemistry and humanities courses, Silent Spring oﬀered
students a snapshot into the mid-20th century taken by an
individual who was both perceptive about the inﬂuence of
chemicals on the environment and eloquent in her ability to
convey science to the average person. Importantly, we
dissected the Silent Spring text both as concerned citizens
and as scientists, critiquing the eﬀectiveness and scientiﬁc
accuracy of Carson’s arguments. We used case studies
throughout the module in order to introduce ethical theories
and apply them in practical situations, a technique that has
been employed previously in chemistry classrooms with
success.12,13 An example case study discussed in this report
examined the use of the pesticide 1,2-dibromo-3-chloropropane (DBCP, Nemagon) on Costa Rican banana plantations in
the second half of the 20th century as a way to expose students
to the use of pesticides banned in the United States since the
reception of Silent Spring and the ethical dilemmas that arise
when U.S. companies use foreign labor and goods.14
The two-week module (four 75 min class periods) we
describe herein was oﬀered in the Fall 2015 and 2016
semesters in an upper-division biochemistry course and in the
Fall 2015 and Spring 2017 semesters in an environmentalethics course hosted in the Religion Department at Oberlin
College, a small liberal-arts institution. This interdisciplinary
unit was taught to two diﬀerent populations of students,
approximately half of whom were entrenched in the humanities, and the other half focused on the natural sciences. Silent
Spring, alongside other historical excerpts, case studies,
textbooks, scientiﬁc research articles, and even pesticide
advertisements, served several purposes. The combination of
primary and secondary literature and peer-reviewed scientiﬁc
evidence (1) exposed students to the mechanisms of smallmolecule pesticides in biological systems, (2) provided
students with the opportunity to explore and discuss the
ethical implications and broader societal and ethical questions
posed by the use of these pesticides, and (3) helped students
foster awareness and curiosity about humanity’s impact on the
natural world. We assessed students’ knowledge about
pesticides and ethical theories in several ways. First, students
in both courses were required to write a substantial research
paper on a pesticide that was utilized in the United States after
the reception of Silent Spring (e.g., used after 1962), describing
the mechanism of action and applying an ethical theory to
justify the use of the pesticide. Second, students in the
biochemistry course were given short answer and essay
questions on a midterm and ﬁnal exam that tested their
knowledge about molecular mechanisms of pesticides and an

■

MODULE DESCRIPTION
We taught this module to two separate groups of students: (1)
upper-division biochemistry students with a considerable
foundation of chemical and biological knowledge and (2)
students taking an environmental-ethics course in the Religion
Department, many of whom had no undergraduate science
background. Although we taught a majority of the module
identically to both student groups, we diﬀerentially emphasized
the level of detail of the chemical and biological mechanisms
depending on the audience, allowing for more relevant
discussion and evaluation for each class. An upper-division
biochemistry course is well suited to incorporate a module of
this nature, as the content of the course is more ﬂexible than
introductory chemistry courses, and there can be considerable
overlap with conventionally discussed topics. For example, an
instructor can introduce gated ion channels by discussing the
mechanism of action of dichlorodiphenyltrichloroethane
(DDT), which binds to the membrane-bound portions of
voltage-gated sodium channels, disrupting their normal
function by keeping them open and constantly propagating a
neuromuscular signal.15 Below we describe the timeline of
topics discussed in the module.
We used Silent Spring to guide the topics discussed within
this module (Table 1). We began the module with a brief
history of pesticide use throughout the world and, in particular,
the United States since World War II, taking approximately
half of the class period (35 min of a 75 min class) to introduce
students to the material via a PowerPoint presentation.
Table 1. Course Schedule with Assigned Readings
Day

Topic Covered

Silent Spring Assigned Reading

1
2

History of Pesticides
Mechanisms of Action of
Pesticides
Exploring the Ethics of Pesticide
Use
Pesticides: Looking Forward

Chapters 1−6
Chapters 12−14

3
4
B

Chapters 8−9, skim chapters 7−
11
Chapter 17
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namely, the synthesis of adenosine triphosphate (ATP) by
oxidative phosphorylation. The instructor introduced recent
research on how DDT and other pesticides impact mammals
and other wildlife, including evidence of endocrine-system
disruption in humans.19−22
Additionally, students had the opportunity to critically
examine some of the material presented in Silent Spring. We
took time to emphasize that although this book has been in
publication for over 50 years, it was never peer-reviewed like
scientiﬁc manuscripts, and although Carson did cite many
peer-reviewed publications in Silent Spring, the book has factual
errors and now out-of-date explanations. An example of a
factual error that we discuss in class is Carson’s explanation of
the mechanism of action of the herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) on mammalian life. Although Carson
correctly discusses the impact of 2,4-D on the production of
both sugars and nitrates in certain plant life, her discussion of
how those nitrates, which turn into nitrites in mammalian
systems, impact oxygen transport by hemoglobin is incorrect.
Carson explains: “nitrites act on the blood pigment to form a
chocolate-brown substance in which oxygen is so ﬁrmly held
that it cannot take part in respiration [...].”11 Carson is
referring to the impact of nitrite on hemoglobin, the protein
that is responsible for the transport and release of oxygen.
Nitrite certainly binds to hemoglobin and interferes with
oxygen transport, but it does so in a way that stabilizes
deoxygenated hemoglobin, which is observed as the “chocolatebrown” color, not by stabilizing the oxygenated form, as
Carson suggests.23,24 The Science paper Carson cites does
correctly explain the mechanism by which nitrites stabilize the
methemoglobin (deoxygenated) form of hemoglobin; however, this is not relayed in the text of Silent Spring.25 The
biochemistry students had already learned about hemoglobin
earlier in the semester, and immediately identiﬁed the error
when the section on 2,4-D was discussed. The environmentalethics students were given more background and context about
why Carson’s description about how nitrates were impacting
hemoglobin was incorrect. Although it seems like a small point,
this example highlights that Silent Spring is a fact-ﬁlled book
diﬀerent from a textbook or peer-reviewed manuscript. This
serves to remind students to be critical, especially when the
message of a book resonates with their own ideas and opinions.
The third day of the module was devoted to considering the
ethics of pesticide use, and both classes received lectures from
an ethicist (C.C.). As with the biochemistry lecture, the ethics
lecture was tailored to the speciﬁc knowledge base of the
students involved. For the lecture delivered to the biochemistry
class, no background knowledge in ethics was assumed. The
lecture began by asking the students to deﬁne ethics and to
discuss the question: What is the aim of science? This broad
opening discussion encouraged students to reﬂect on some of
the values they brought to their study as well as on the larger
motivating factors driving their various inquiries. Broader
questions focusing on issues of motivation can understandably
be overshadowed as students focus on the complexities of
learning a scientiﬁc discipline, but these questions are
imperative to the overall health and well-being of humans
and the environment alike, as Carson’s book reminds them.
The majority of the ethics lecture was devoted to
introducing students to four major ethical theories: deontology, consequentialism, virtue ethics, and the rule of double
eﬀect.26 Students then had the opportunity to see how each of
the theories applied to a case study. We asked students to

We utilized secondary texts, such as Frederick Rowe Davis’s
Banned16 and The Excellent Powder: DDT’s Political and
Scientific History by Richard Tren and Donald Roberts,17 to
help provide context to the use of pesticides in the second half
of the 20th century. Students learned about ﬁve classes of
pesticides: heavy metals, chlorinated hydrocarbons, organophosphates, synthetic and extracted pyrethroids, and neonicotinoids. Students spent the second half of the class period in
group discussion of Carson’s text and questions that
introduced new terminology and concepts with which students
may not have been familiar (Box 1). From the outset, we
Box 1. Selected Student Discussion Questions
Example Discussion Questions:
Why do we need insecticides?
What is diﬀerent about synthetic (as compared to previous)
pesticides?
What does it mean for chemicals to concentrate in the food
chain? Why does Carson raise this issue as being important?
What is the intended target of the pesticide 2,4-D? What
makes it diﬀerent than the other compounds Carson
discusses?
encouraged students to examine the impact a pesticide has on
both human and nonhuman entities by considering pesticide
solubility and introduced students to concepts like bioaccumulation (the accumulation of a substance in an organism over
time) and biomagniﬁcation (the increasing concentration of a
substance in the tissues of organisms at successively higher
levels of the food chain). We have included selected discussion
questions from each day in Supporting Document 1 to
facilitate the adoption this module.
Students spent the second day of the module exploring the
mechanism of action of several types of pesticides, including
chlorinated hydrocarbons (speciﬁcally DDT, a primary focus in
Silent Spring), organophosphates, and neonicotinoids. The
biochemist (L.M.R.) taught this portion of the module to both
classes and tailored the lecture to the background of the class.
Both classes learned the basics of neuronal function by learning
how an impulse is conducted and what occurs in the synaptic
cleft, the space between two neighboring neurons.15 We
focused on how pesticides can disrupt typical neuronal
function in diﬀerent ways depending on their chemical
structure. For example, DDT, which is a fairly hydrophobic
molecule, binds to a sodium channel at a location deep in the
lipid bilayer, stabilizing the channel’s open conformation and
allowing sodium ions to continue to enter the cell, potentiating
the impulse.15 In the upper-division biochemistry course, the
instructor was able to assume the class had knowledge about
acyl-substitution reactions and serine proteases when discussing the mechanism of action of organophosphate pesticides
and how they inhibit acetylcholinesterase enzymes (Figure
1A).18 In the environmental-ethics course, the same topic was
introduced using a simple schematic to demonstrate how the
pesticide physically interacts with the enzyme and blocks the
area of the enzyme that needs to be accessible for its function
(Figure 1B).
This portion of the module also used Silent Spring as a
primary reference, and students engaged in small-group
discussions to dissect Carson’s explanation of how DDT was
killing mammalian life. Students learned that Carson
emphasized the disruption of the energy-production process,
C
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Figure 1. Acetylcholinesterase inhibition by organophosphate pesticides. (A) Mechanism of inhibition of active serine residue by organophosphate.
(B) Scheme of enzyme inhibition. LG, leaving group.

shaped the formation of the Environmental Protection Agency.
We used an article in the New York Times that was published
during the 50th anniversary of the publication of Silent Spring
to give a historical perspective of Carson’s interactions with the
public, politicians, and even the chemical industry.29 We also
used a book review published in Chemical and Engineering
News in 1962 titled “Silence, Miss Carson”, authored by
Professor William Darby, an esteemed biochemist and member
of the National Academy of Sciences, which was especially
critical of Carson’s use of literary devices and charged language
to “aggravate unjustiﬁably [the reader’s] own neurotic anxiety,”
and ultimately said “this book should be ignored.”30 Despite
criticism, some founded and some baseless, Carson testiﬁed
before a U.S. Senate subcommittee in the summer of 1963, less
than a year before her death, to argue against aerial spraying
and for the rights of the private citizen and their knowledge of
what chemicals were being used on their property. As we
studied Silent Spring, we had the luxury of over 50 years of
analysis, additional experimentation, and implemented policy
to evaluate the importance of the book and Carson’s legacy.
Students reported in evaluations that they appreciated a
holistic view of how the book was received at the time and
made note of the parallels they see currently with the fossil-fuel
industry and climate change.

identify the stakeholders, the values at play for each, and what
each party had at stake in the case. Then, students applied each
ethical theory to the case, identifying the facts and questions
each ethical framework would deem most relevant for
determining the ethical course of action. Applying diﬀerent
ethical frameworks to a case highlighted the complexity that
arises when diﬀerent sets of values and questions lead to
dramatically diﬀerent conclusions for an ethical course of
action.
The ﬁnal day of the module focused on alternatives to the
chemical control of insects and a critical examination of the
reception of Silent Spring and ended with a case study, worked
on in groups, which tied the module together. In the lecture
portion of the class, students learned about sterile-insect
techniques, including methods of irradiation and genetic
modiﬁcation. In the Fall 2016 class, there was a timeliness to
the recent outbreak of Zika virus being attributed to
mosquitos, and we had the opportunity to discuss how
scientists were working to genetically modify mosquitos to
curb the transmission of the virus, and how that was being
received by the communities most aﬀected by the Zika virus
outbreak.27,28
We also spent time discussing the reactions of people, from
average citizens to academic and industrial scientists, to Silent
Spring and Rachel Carson, and how some of those responses
D
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speakers is funding-dependent, we found the seminar greatly
enhanced the conversation between the two classes.
Students who took our classes during the 2016−2017
academic year met during diﬀerent semesters and therefore did
not have the ability to meet together in groups outside of class.
Interestingly, in the reﬂection assignment, discussed below,
students mentioned that they had heard about the mixedgroup discussions of the previous year, noted that they would
have enjoyed having more opportunities for interdisciplinary
interactions, and suggested the addition of outside discussion
opportunities in future iterations of the module.

The module ended with a case study about the use of the
pesticide 1,2-dichloro-3-bromopropane (DCBP, Nemagon) in
Costa Rica.14 DCBP is a nematicide that was used on fruit
plantations in Central America until the mid-1980s and is
known to cause organ damage and male infertility.31 Students
worked in groups of three or four to learn about DCBP, its use
in the 1970s and 1980s in Costa Rica and Central America,
and in particular the role of U.S. chemical and fruit companies
in the distribution and use of DCBP on Costa Rican banana
plantations. Students put themselves in the shoes of each one
of the stakeholders (e.g., Dow Chemical Company, plantation
workers, the Costa Rican government, the environment, etc.)
and discussed whether or not the use of the pesticide was
ethical, and whether or not workers should receive
compensation from the chemical and fruit companies for any
maladies they might have as a result of their exposure to the
pesticide. We asked students to think about the ethical
implications of transnational chemical corporations continuing
to produce and export DCBP to countries with fewer
environmental and occupational regulations.31 Although
many Oberlin students are environmentally conscious, only a
few had heard about DCBP prior to this case study. The shock
and dismay that many students felt when learning about the
use of this pesticide on fruit (bananas in particular) was
palpable. A case like this that draws a visceral reaction provided
a valuable teaching moment, as we encouraged students to
note their discomfort with the practice described and then
provide ethical and scientiﬁc justiﬁcations for why the practice
seemed morally abhorrent, even if it was legally and
economically sound. Although many students found that
making ethical arguments against the use of DCBP came
naturally, we also implored students to make an argument,
using both the science and ethical theory, for how it could be
morally permissible for a company to use the pesticide on its
produce operations. Although harder to do, we found that this
exercise encouraged students to deeply consider the issue from
a diﬀerent angle, thus ultimately, in many instances, enabling
them to more thoroughly defend their conclusions about why
the practice was morally questionable.
During the Fall of 2015, the ﬁrst iteration of the module,
both classes met during the same semester, which provided a
unique opportunity for the students in each class to engage one
another. We required students to attend either a lunch meeting
or an evening seminar given by a scholar of environmental
ethics and strongly encouraged students to attend both. At
these events we provided food, discussion questions, as well as
time and space for students to mingle. During the lunchtime
meeting, we requested students form small groups with
students represented from both classes wherein they discussed
Silent Spring, the DCBP case study, and the use of pesticides in
agriculture internationally and domestically. Instructors moved
around the room and joined conversations with each group
and, during the last 10 min of the period, brought the group
back together as a whole to discuss some of the broader
questions about Silent Spring. During this semester, the
instructors also invited Professor Lisa Sideris from Indiana
University to campus, a prominent scholar of environmental
ethics and a Rachel Carson specialist. Sideris attended one of
the biochemistry classes, participated in the conversation
surrounding the DCBP case study, and delivered a lively
lecture that broadly discussed the intersection of science and
religion. Although we recognize that bringing in outside

■

STUDENT ASSESSMENT
The primary mechanism of the student assessment for this unit
was a 1500−2000-word research paper exploring a pesticide
used since the reception of Silent Spring. For the biochemistry
course, this research paper was worth approximately 10% of
their ﬁnal grade. The students had the freedom to choose a
pesticide to study that was of interest to them. Although some
students chose common pesticides used in the United States
like glyphosate (Round Up) and imidacloprid (a neonicotinoid), others chose to explore genetically modiﬁed crops (Bt
toxin); pesticides used in countries other than the United
States, like the use of dieldrin in Brazil; and pesticides that are
marketed as “less toxic”, like neem oil. Students explored the
mechanism of the pesticide; how, where and when it is used;
the impact of the pesticide on unintended targets (ﬂora and
fauna); and the ethical implications of using the pesticide
(Supporting Document 2). Students chose an ethical theory to
frame their analysis of whether or not they thought using the
pesticide was justiﬁed. Not surprisingly, many students argued
that their pesticide should no longer be used or should be used
sparingly under tightly controlled conditions, ensuring workers
all had appropriate personal-protective equipment.
In the biochemistry course, students also had a portion of a
midterm exam and ﬁnal exam (approximately 7% of their ﬁnal
grade) dedicated to answering questions about this unit. These
questions included explaining the mechanisms of action of
diﬀerent classes of pesticides, speciﬁc questions about the
DCBP case study, and questions with an ethics component. An
example ethics question gave information about the use of
DDT in South Africa, which banned DDT temporarily in 1996
and saw a 600% increase in malaria,32 and asked students to
decide whether the use of DDT in South Africa was ethical
using the rule of double eﬀect, which has four rules to guide
decision making.26 This question required students to draw on
their knowledge of how DDT impacts humans and the
environment, a subject that was thoroughly covered in class,
and also required them to remember and appropriately apply
the tenets of the rule of double eﬀect. Several additional exam
questions can be found in Supporting Document 3.
We required students to submit a reﬂection assignment at
the end of the module, which was graded on the basis of
completion only. In this assignment, we asked students to
consider how the material covered in the module connected to
their experiences outside of the classroom as well as their
overall assessment of the unit: what worked and what could
use improvement. The responses received reﬂected the
importance of interdisciplinary units and the inclusion and
consideration of ethics when teaching science courses. The
students in the biochemistry course found the humanist
perspective enriching, as evidenced by selected responses
below:
E
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“Rarely has the question ofwell we can now synthesize all
of these compounds, but should we?been posed in my
classes. This unit has really helped me to think critically about
my role as a future scientist.”
“Furthermore, our nuanced discussion of environmental
ethics was an important reminder that science does not exist in
a vacuum and we must interrogate how the knowledge we are
learning is inherently political.”
Students in the environmental-ethics class discussed the
importance of learning the science behind broad ethical
problems in the reﬂection assignments. A few excerpts from
their responses are highlighted below:
“I’ve found learning about pesticide mechanisms and their
ethical implications enriching to my learning experience [...] by
gaining speciﬁc understanding of the dynamics and mechanisms at work in an environmental system, actors can oﬀer
informed opinions about what ethical action might look like, in
concrete terms.”
“I always knew pesticides were harmful, but never knew the
speciﬁc extent of damage, contamination and about bioaccumulation they caused. Bioaccumulation in particular was
unknown to me before. Taking this class really expanded and
strengthened my understanding of pesticides, and the diﬀerent
ethical views to approaching and viewing pesticides.”
Suggested improvements include expanding the unit beyond
two weeks, having more time dedicated to learning about
ethics, and introduction and explanation of the mechanisms of
a greater number of currently used pesticides in the United
States. In the second iteration of the module, during the
academic year of 2016−2017, we incorporated the mechanisms for a few more pesticides and discussed in greater depth
newer technologies, including using the genetic-modiﬁcation
sterile-insect technique through the creation of repressible,
dominant lethal mutations (RIDL), where the insects are not
actually sterile but carry a genetic mutation that causes lethality
to wild insects of that particular species.33
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