SPECIAL
SECTION

Teaching Through Water:
Science, Community, and Civic Engagement

Water is the most local of global problems, and we all face
issues concerning water, from water scarcity to water se-
curity, from floods to drought, and from polluted water to
remediated wastewater. In Texas, where I live and teach,
conversations about water occur every day as our commu-
nities tackle the challenges of ongoing drought, protecting
our precious aquifers, and the growing need to reuse water
sources such as wastewater efHuent.

This ongoing wicked problem presents an opportunity
for those of us who teach through issues. We can engage
with the topic of water and connect the issues we're en-
countering to the context of a biology, chemistry, or Eng-
lish literature class. I've long used water issues to “CURE”
my teaching through classroom-based research involving
local ponds, rivers, and wastewater plants. Sanitation and
toilet design can spark discourse about pathogen trans-
mission, antimicrobial contamination, and the inequities
faced by those who lack access to safe sanitation. When
done well, integrated projects and research experiences
can generate meaningful data while helping to prepare
career-ready students to tackle the concerns of the very
communities they come from.

This special section offers a sample of how our educa-
tors are integrating water-related issues into their courses.
Alexis Denn and Davida Smyth of Texas A&M Univer-
sity-San Antonio show how a partnership between alocal
wastewater treatment plant and a local high school can
lead to data-rich, contextualized case studies. Their work
demonstrates not only how nature-based solutions can

encourage communities to engage with and embrace these

practices, but also how students themselves can become
involved in generating the data.

Christine Girtain of the Jersey Shore STEM Eco-
system and Jane Hunt of Ashland University take us
from engaging students to engaging teachers. Their pa-
per shows how the “Nourish the Future” national initia-
tive has been developed by teachers for teachers. It takes
students on a journey from watershed processes to more
complex analyses and investigations, examining human
impacts, biological indicators, and chemical testing, and
even prompting them to consider remediation plans. Im-
portantly, students are asked what the evidence shows.

Jeena Joseph of Palo Alto College shows that integrat-
ing the film Dark Waters into the curriculum can help
students engage with complex chemical concepts and the
issues surrounding PFAS, the so-called “forever chemicals.”
Having students create research posters and participate in
a short REU experience also affects students’ perceptions
of and engagement with chemistry.

All of these projects start locally and leverage real data
from places that students and their teachers see every day,
rather than far-away, hypothetical places they’ll likely
never visit. They ask students to decide, take responsibility,
and do something: write a memo, develop a remediation
plan, or advocate for a position. They build partnerships
with real-world entities and utilities outside academia.
Our authors span K-12, community college, and univer-
sity settings, moving across the educational landscape.
And they all consider issues of equity, access to clean water,
who benefits from green infrastructure, and how agricul-

tural advancements impact communities. These projects



epitomize the SENCER ideals by teaching through the
issues of water.

Our authors have shown that living laboratories are
everywhere around us. They are the local creek or pond,
the community garden that our grandparents tend, and
the local farmers’ market. I hope the work presented in
this special section will spark excitement and encourage
our readers to find the living laboratories on their cam-
puses and in their communities, and to share what they

learn with us in future issues.

Davida Smyth

Chair of Natural Sciences

Director for Research Development and Administration
Professor of Biology

Texas A& M University-San Antonio
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The Influence of Effluent:
A School and Community-
Based Course Experience

ALEXIS D. DENN
Texas A&M University-San Antonio

Nature-based solutions (NBS), such as constructed wet-
lands, leverage natural processes to address societal chal-
lenges, including the return of effluent to communities.
Despite scientific support, public acceptance of NBS re-
mains limited, and rural communities are rarely included
in conversations. We developed paired case studies
grounded in real data, in partnership with a rural waste-
water treatment plant. Our goal was to help undergradu-
ate and secondary school students bridge the gap between
their knowledge of water reuse and their willingness to
adopt it. Infusing case studies with original field data al-

lowed us to advance a genuine research question about

DAVIDA S. SMYTH
Texas A&M University-San Antonio

the constructed wetland and to immerse the students in
an authentic local problem. Our data suggest measurable
gains in knowledge, where gains could be made, and a
trend towards acceptance of water reuse. This pilot proj-
ect shows the promise of a course-based case study ap-
proach to help build public trust in nature-based solu-

tions in Texas and beyond.



Water scarcity poses an increasing but unevenly distrib-
uted challenge to communities across Texas and beyond.
This issue is further exacerbated by the misuse of these re-
sources and by personal, agricultural, and industrial prac-
tices that contaminate our limited supplies and hinder
existing conservation efforts (Leijnse et al., 2024; Schum-
acher, 2025). It is now critical that we diversify our dwin-
dling supplies through the development of alternative
water sources, which include treated wastewater efflu-
ent. We are increasingly returning treated water to rivers,
streams, and aquifers that serve as freshwater sources for
surrounding communities (Texas Water Development
Board, n.d.). One method for remediating this treated
wastewater is to create artificial wetlands at the point of
release into freshwater bodies, as is being done in rivers,
at the City of Castroville WWTP (Ayaz, 2008) and else-
where. While each of these methods of recycling treated
water has substantial merits, each one also provides a
pathway for biological and pharmaceutical micropollut-
ants to cycle back into these communities. Despite poten-
tial consequences and the lack of studies on this topic, the
reuse of treated non-potable effluent is one of the most
promising methods for addressing the growing challenge
of water sustainability (Reznik et al., 2019). Using a con-
structed wetland is among the Nature-Based Solutions
(NBS), the next frontier in environmental management,
leveraging natural processes to address water quality as
it is reintroduced for community use. Along with con-
structed wetlands, these practices may make it possible
to harvest rainwater or water from industrial processes.
As a result, communities around the globe are looking
towards NBS as both a primary and a secondary means
of water remediation.

Despite growing support for NBS, these practices
have only recently begun to capture the interest of the
public and of what researchers refer to as "stakeholders,’
with co-benefits as the primary motivators of support
(Giordano et al., 2020). The term "stakeholders” can be
broadly defined as individuals or bodies that impact or are
impacted by the design, implementation, or performance
of NBS (De Trift et al., 2026). Without clearer lines
drawn between these NBS approaches and improved

public health and increased financial opportunities, it
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may take longer to inspire the same confidence and sup-
port in communities where traditional, grey infrastruc-
ture dominates the landscape of environmental engineer-
ing practices. A key issue with implementation is a lack
of knowledge and education regarding the role of NBS
and alternative water sources in such communities where
grey infrastructure dominates. So-called stakeholders are
concerned with the viability of NBS options in terms of
cost-effectiveness and reliability compared with tradition-

ally engineered options (Seddon et al., 2020).

Many governing and conservation bodies have imple-
mented grants, fines, incentives, and signage to educate
the public, but when funds are misused, these efforts may
falter (Gibson et al., 2023). Locally, the San Antonio River
Authority (SARA) has a dedicated education team that
provides curricula, river camps, pre-made presentations,
and hands-on experiences to motivate people of all ages
to engage meaningfully with community waterways. In
a similar vein, the San Antonio Water System (SAWS)
has specialized education programs aimed at establishing
a water-literate community through youth engagement.
Both educational and community-forward engagement
have been shown to increase public acceptance, outper-
forming passive education in many other areas of research
(genome editing, renewable energy projects, biotechnol-
ogy), so why not in the context of water resources (Ab-
dulkareem et al 2024; Etchegary et al,, 2015; Jimenez et al.,
2022; Pathiranage et al,, 2024)?

Our goal was to help students from a local second-
ary school and undergraduates undertaking a biology
degree to engage with NBS through case studies and to
understand the vital role of informed decision-making
in determining whether a community would accept or
reject water reuse. We partnered with the Castroville
Wastewater Treatment Plant and developed a pair of
case studies, along with a knowledge and attitude survey,
to test whether a narrative-style, local, data-driven case
study could help them move towards engagement with

and acceptance of water reuse and the benefits of NBS.



Box 1. Research Questions
Guiding the Project

+  What is the existing acceptance of NBS across varied
contexts? Which models of community engagement
are most strongly associated with public acceptance
of NBS in these varied contexts?

+ Can exposure to a case study that embeds local data
increase acceptance and understanding of NBS?

+ How does effluent release impact parameters in a lo-
cal water body with a wetland? Does proximity to the
wetland reduce the impact? Is the impact sustained as
the distance increases from the wetland?

+ To what extent does involvement in a case-study
"research experience” improve students’ engagement

with and appreciation of nature-based solutions?

Materials and Methods
The project combined an original field-based data collec-

tion effort with a course-based curriculum. This meant
that the data being analyzed in the classroom were the
same data being generated to answer our research ques-
tions about the wetland's capacity to remediate the waste-
water plant effluent. Samples were collected monthly from
three sites along a constructed wetland that receives efflu-
ent from the Castroville plant, as well as upstream and
downstream sites on the Medina River, from February
to July, 2026 (Figure 1). Samples were analyzed for nitrate
and for phosphates using a portable spectrophotometer,
and DNA extracted from the samples was sequenced to
characterize the wetland's microbial community (by Plas-
midsaurus). These data showed a modest but consistent
decline in nitrates as the effluent moved along the wetland,
and a detectable presence of DNA from taxa associated
with antibiotic resistance in the efluent, which became
the backbone of the data in the case studies rather than a
hypothetical scenario typical of existing case studies. The
research was thus used to construct two linked case stud-
ies for use in both K-12 and undergraduate settings. The
first case study is a narrative-based one: the students fol-
low a fictionalized resident of a small Texas town as she

attends a city council meeting and hears from a variety of

Denn & Smyth: The Influence of Effluent

FIGURE 1. Sites for Collection of Water Samples

stakeholders, including the plant operator and a panel of
concerned citizens, each with a different stake in whether
or not the town's treated wastewater effluent should be
used to irrigate the city's park. The second case study was
more data-driven, with the students playing the role of
consultants employed by the same town council. They
must interpret real data on nitrate and phosphate concen-
trations, as well as Escherichia coli (E. coli) counts. They
would compare the upstream and downstream locations
and consider policy options before making a recommen-
dation in the form of a memo. At either end were pre- and
post-tests that measured knowledge, engagement, and at-
titudes. This two-set case study design would enable us to
determine whether combining a story with a data-driven
experience would have a greater impact than either alone.
This project formed the basis of the first author's
master's thesis research. The materials were piloted with
undergraduate students at Texas A&M University-San
Antonio, under IRB oversight, and modified versions
were administered to K-12 students, with effectiveness

being self-reported by their classroom teacher. A further
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subset of seven students tested the material over the sum-
mer as part of an NSF Research Experiences for Under-
graduates (REU) program, where participants conducted
research at a constructed wetland in a local water body,
adding real field-based experience to the case study they

completed.

Box 2. Case Study and Field-Based
Activities by Participating Students

+ Reading and discussing a narrative case study depict-
ing a community considering the fate of its treated
wastewater

+ Interpreting real data on phosphate and nitrate con-
centrations along with numbers of E. coli from a part-
ner wastewater treatment plant

+  Comparing upstream and downstream water quality
data compared with that of the constructed wetland

+  Drafting a written memo making a recommendation
to the fictional city council that would make mention
of the data

+  Monthly field collection of water samples at three
wetland sites as well as the upstream and downstream
controls

+  Water analysis in the lab for nitrate and phosphate
concentrations using a portable spectrophotometer

+ Nucleic acid extraction and sequencing (done by
a company) to characterize the wetland microbial
community

+ Completion of a paired pre- and post-test instrument

that measures knowledge, attitudes, and engagement

Both case studies and associated materials are available
for download as resources in the QUBES hub available
here: https://qubeshub.org/publications/6186/1

Results and Discussion

How Students Were Evaluated
To ensure that the students participated honestly and

to the best of their ability, our pre- and post-tests were

ungraded, and we emphasized to the students that this
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was an assessment and study of their level of understand-
ing as part of the research study. To us, honest answers
were more valuable than expected ones. We actively dis-
couraged them from "googling” the answers (this would
be a concern for future at-home implementations). The

instrument was designed to measure three dimensions:

+ Knowledge — five multiple-choice items and two

open-response questions scored against a four-level

rubric

+ Attitudes — twelve statements rated on a Likert scale

+ Engagement — four open-ended reflection questions,

with responses in the student's own words

We used a Wilcoxon signed-rank test to analyze the
knowledge and attitude items. As the sample size was
small, we conducted a sensitivity analysis by excluding
two respondents who were flagged for unusually strong
reversals between pre- and post-test attitude scores.
Students’ identities were not collected. Responses were
coded prior to analysis. Participation was voluntary, and
consent was obtained under the PIs' IRB protocol. For
K-12 students, where a full quantitative instrument was
not appropriate, effectiveness was assessed qualitatively

through the teacher's self-reflection.

Student Success, Limitations and Reflections
Knowledge scores on the open-ended questions im-
proved from the pre-test to the post-test for nearly all
respondents (Figure 2). We also noted that item-level
accuracy on the multiple-choice questions rose where
there was room to grow. The most encouraging finding
concerned public acceptance. At the outset of our project,
during case study 1, most students were undecided about
whether the town should use treated effluent to irrigate
the city's park.

We observed more mixed results in our examination
of attitudes (Figure 3). Most of the students already held
favorable views towards resource conservation before
the pre-test (not unexpected, given the course and their
majors). There was a high ceiling of acceptance that lim-
ited how much movement was possible. However, two

respondents showed a sharp negative swing in attitude
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FIGURE 2. Individual Change in Open-Response Scores
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scores. We suspect this may reflect a misreading of the
scale or even a form of disengagement from the post-test,
rather than a true reversal of attitude. Given this, the au-
thors recognize the need to re-do and expand our pilot
sampling beyond upper-level biology majors. Having
completed both case studies, the gap among undecided
students almost closed, with four individuals moving into
conditional support and only one moving towards op-
position (Figure 4).

One major limitation we identified early in the pilot
was time. This practical barrier was owing to the limited
time available in a single lab session. Conducting both
the case studies and the pre- and post-tests takes time

away from classroom activities. When time was short, the
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FIGURE 4. Support for Irrigating Public Spaces with
Treated Wastewater (Q22)
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post-test was administered instead of the second case
study. In future iterations, we will move the data-driven
case study to an at-home, out-of-class assignment to be
completed before class time. We also recognize that we
need to consider the audience, a range of majors, and to
include freshmen to seniors.

The need for greater implementation is evidenced
by the course- and grade-level-based variation in K-12
students’ ceiling of knowledge. 10th-grade students in
an environmental systems class reported no knowledge
of NBS at the outset of the pre-test, though they were
often successful in selecting the definition when given
multiple-choice options. 12th-grade students in a dual-
credit biology course were able to correctly identify NBS
in multiple-choice questions and offered robust short-an-
swer responses. As previously discussed, time constraints
prevented the implementation of the second case study.
One of the greatest successes of our project was the con-
nections that we made with the director of the Castroville
Wastewater Plant. He was willing to share real, plant-
specific data and discuss the issues. This real-world, lo-
cally sourced data likely had a much greater impact than
a hypothetical scenario from elsewhere, and we now have
an ongoing community-engaged project with real impact

to build upon.
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+ Nitrate concentrations declined significantly as the
effluent moved through the constructed wetland (p
values ranging from o to 0.042 across sites).

+ Phosphate concentrations were more varied by date
but remained consistently higher at the wetland sites
than at the upstream and downstream control sites.

+ Burholderiaceae, a taxon associated with antibiotic re-
sistance, was the most abundant group we identified
through sequencing water collected from the wetland.

+ Knowledge responses measured with the rubric
showed improvement from pre-test to post-test for
all but one respondent.

+ The number of students undecided about reusing wa-
ter effluent for park irrigation decreased after using
both case studies, with most moving towards uncon-

ditional support.

NBS like constructed wetlands are a proven tool for wa-
ter remediation, mitigating the presence of nutrients, an-
tibiotic resistance genes, and other water contamination
concerns. We recognize that the eflicacy of wetlands must
be observed over a prolonged period to determine how
well they withstand other factors, such as climate change
and changes in pollutant types and concentrations. We
must also consider equity in their construction and dis-
tribution. Educated and affluent communities are seeing
the most direct benefits now, and the potential for these
solutions to become class-specific looms. This is coun-
terintuitive given the cost-efficiency of these designs, and
resistance to NBS could be overcome through commu-
nity engagement. We also recognize that we need to fund
and support research on NBS, especially as we enter a
more pivotal point than ever before regarding water ac-
cessibility. Government and government-adjacent bodies
could seek a path forward that helps build trust among
themselves, other stakeholders, the community at large,
and the scientific community by funding and encourag-

ing education on these practices. As the push for a more
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ecologically mindful world grows, education remains the
most conducive platform for community change.

In our efforts to promote data-driven decision-mak-
ing, we paired our case studies with locally acquired data.
Our pilot application with Texas A&M University-San
Antonio biology students provides a multifaceted proof
of concept and a model for a way forward. While the re-
sults of the initial wetland monitoring are nuanced, they
paint a picture of an effective wetland remediation model
with the potential for greater impact through expansion
to match the suggestion that increased retention time cor-
relates with greater remediation. Long-term monitoring
built into the local school curriculum poses a real oppor-
tunity to learn about how attitudes toward NBS can be
changed.

The deployment of the case studies offers an even
more nuanced glimpse into the mindsets of young peo-
ple with the greatest potential for community change.
While the observed group of respondents scored high
in both attitudes and knowledge, both groups saw gains,
even with high ceilings. While a small percentage were
swayed away from the validity of NBS, a large portion of
uninformed and undecided respondents moved toward
greater understanding and, with that, increased support
of NBS. This model of engagement has the potential to
expand acceptance of NBS across multiple levels of the
community, thereby increasing the availability and accep-
tance of recycled water applications.

In future semesters, we intend to refine the timing
of the two case studies, expand our K—12 pilot with a
fuller instrument, and pursue long-term monitoring of
the wetland. We need to better understand the durabil-
ity of NBS and to consider equity of access to NBS. We
are also especially interested in engaging with rural Texas
communities, who are too often left out of both data col-
lection and the conversations about water reuse. It is in
these rural communities that NBS methods, adopted
evenly and equitably along with stakeholder buy-in, could

have the greatest impact on water scarcity.
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Educating the Educator:
Using Agriculture to Build
Science Literacy
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How do we prepare students to make informed decisions
about food, water, energy, biotechnology, and environ-
mental sustainability, when many of their science teachers
have had little or no formal training in agriculture?
Nourish the Future addresses this challenge by starting
with the educator.

Nourish the Future, or NTF is a free national edu-
cation initiative developed by science teachers for sci-
ence teachers. Its goal is to increase agricultural literacy
by helping educators connect the science they already
teach to modern agriculture, food production, environ-
mental sustainability, biotechnology, and agricultural
careers (Nourish the Future, 2026a). The program is

supported by agricultural commodity organizations and

JANE HUNT
Ashland University

agribusinesses, including the national Soy Checkoff pro-
gram, Bayer Crop Science, and state commodity groups.

This funding provides professional learning, curricu-
lum, classroom materials, and supplies to participating
teachers at no cost.

The strategy is simple but powerful. Agriculture pro-
vides an authentic context for required science content.
NTF equips educators through industry experiences,
teacher-tested curriculum, and practical classroom ma-
terials. Teachers bring those experiences to students and
other educators, multiplying the impact throughout their

careers.



The foundation of NTF is that it is for teachers, by teach-
ers. Teacher Leaders do not simply present curriculum.
They engage educators as learners. Teachers collect data,
manipulate materials, analyze evidence, make mistakes,
ask questions, and discuss results. By experiencing the
investigation first as learners, teachers encounter the
same questions, procedural challenges, data interpreta-
tion problems, and opportunities for scientific reason-
ing that their students will encounter. A biology teacher
who has never tested soil nutrients performs the test. An
environmental science teacher investigates how agricul-
tural practices affect a watershed. A chemistry teacher can
explore biofuels through concepts already present in the
curriculum.

Agriculture is the context for teaching science, not an
additional subject competing for instructional time.

NTF uses two complementary professional learning
models. The National Teacher Leader Cohort develops
educators who deepen their understanding of modern
agriculture, inquiry-based instruction, leadership, and
agricultural careers. These teachers become part of a na-
tional network that shares curriculum and supports other
educators.

The second model brings professional learning di-
rectly to states through two-day Nourish the Future
Feeding and Fueling the World (NTF FFTW) work-
shops. During 2026, NTF FFTW workshops were held

IMAGE 1. NTF FFTW WI 2026 Teachers and Industry Leaders
Including Secretary of The Wisconsin Department of Agriculture,
Trade and Consumer Protection, Randy Romanski
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in North Carolina, Alabama, North Dakota, Missouri,
Indiana, Kentucky, Wisconsin, Nebraska, Michigan, and

Minnesota.

NTF FFTW workshops immerse middle and high
school educators in phenomena-based investigations that
are aligned with Next Generation Science Standards and
connect biology, chemistry, environmental science, bio-
technology, and other STEM disciplines to food and fuel
production.

Each participating teacher receives equipment and
classroom supplies valued at up to $300. Materials can
include water quality and watershed equipment and La-
Motte soil testing kits. Teachers therefore leave the work-
shop not simply knowing about an activity but prepared
to implement it.

The impact can also extend beyond individual class-
room lessons. Some participants teach high school re-
search courses yet before NTF training had never con-
sidered directing students toward agricultural research.
Exposure to agricultural biotechnology, soil science, wa-
ter quality, plant science, biofuels, and food systems gives
teachers new areas for student research, and introduces
students to agricultural STEM disciplines and career

pathways they may not previously have encountered.

The NTF water quality curriculum demonstrates how
this strategy connects science learning with civic engage-
ment. Water connects communities, and decisions involv-
ing agriculture, development, stormwater, recreation, and
ecosystem protection have consequences beyond prop-
erty lines.

The NTF middle school water quality curriculum
creates a particularly effective progression. Students move
from watershed processes to human impacts to nutrients
to abiotic testing to biological indicators and finally to

evidence-based remediation (Nourish the Future, 2026b).



IMAGE 2. NTF FFTW KY teachers investigate water quality with the
Understanding Watershed Activity

Students investigate watersheds, soil profiles, erosion, nu-
trient impacts, and relationships between land use and
water quality. They can measure temperature, turbidity,
pH, dissolved oxygen, nitrogen or nitrate, and phospho-
rus or phosphate. They investigate soil infiltration and
erosion and examine macroinvertebrates as indicators
of ecosystem health. Finally, students combine physical,
chemical, and biological evidence to evaluate water health
and develop remediation plans.

This final step is essential to civic engagement.

Students are not simply asked whether water is pol-

luted. They must consider evidence, determine what may

IMAGE 3. Nourish the Future Resources for Students Investigating Land

Use Impacts (including macroinvertebrates and water test cards)
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be influencing the system, and propose actions that could
improve it.

The progression mirrors the reasoning citizens need
when confronting environmental issues in their commu-
nities. They observe a problem, gather evidence, evaluate
explanations, understand human impacts, and consider

solutions.

From Classroom Science

to Community Science

Students can examine a local water system, identify
surrounding land uses, and predict possible influences.
Physical, chemical, and biological evidence can then be
compared with maps, rainfall patterns, land use informa-
tion, or publicly available environmental data.

The teacher's role changes from providing the correct
explanation to helping students determine what claims
the evidence supports.

This is where agricultural literacy and civic scientific
literacy intersect. Agriculture should neither automati-
cally be blamed for an environmental problem nor auto-
matically be excluded as a possible contributor. Students
should investigate evidence; they should examine agricul-
tural practices intended to reduce nutrient and sediment
loss, including vegetative buffers, nutrient management,
reduced tillage, and practices that increase soil infiltration.

Students begin moving beyond statements such as

" . . . . " w
pollution associated with agriculture” or "farmers protect

the environment” toward better questions. What does the
evidence show? What practices are being used? What are
the tradeoffs? What additional evidence is needed before
making a recommendation?

That is science education serving civic engagement.

Extending Learning Through
Research and Biotechnology
At the high school level, NTF water curriculum extends
learning into biodiversity and biotechnology. Students
can examine freshwater plankton biodiversity and use
Simpson's Index of Diversity to investigate aquatic eco-

systems. Water bioinformatics allows students to use
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IMAGE 4. NTF FFTW NC 2026: Education And Outreach Coordinator,
Sarah Dinger leads a tour of the NC State Vegetable Pathology Lab

DNA sequences and the National Center for Biotech-
nology Information database to identify organisms rep-
resented in water samples (Nourish the Future, 2026¢).
These experiences demonstrate that modern environmen-
tal monitoring combines field observations, chemistry,
biology, mathematics, genetics, and computational tools.
NTF Teacher Leaders also include college educa-
tors. Dr. Brian Shmaefsky of Lone Star College, a former
president of the Society for College Science Teachers,
brings experience in environmental science, biology, fac-
ulty mentoring, and professional learning (Nourish the
Future, n.d.). College faculty participation helps connect
secondary science, undergraduate STEM learning, and
agricultural career pathways. Agricultural science teach-
ers provide specialized expertise and pathways, while
general science teachers provide another avenue for ex-
panding agricultural literacy through biology, chemistry,
environmental science, earth science, and other STEM

courses.

The Teacher Multiplier Effect

A student experiences a lesson once. An educator can
teach that lesson repeatedly.

A science teacher reaching 130 students each year can
reach 1,300 students over ten years. When that teacher
shares an NTF investigation through district profes-

sional development, a state science teachers conference,
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or a professional network, the original professional learn-
ing investment begins reaching students who were never
taught by the original participant. This is especially im-
portant because most students will never enroll in an
agriculture course. They do, however, take biology, en-
vironmental science, chemistry, earth science, and other
science courses.

Educating the educator reaches not only today's stu-
dents but future students throughout that educator’s
career.

Teacher leadership therefore scales agricultural and
civic science literacy. Practicing educators understand
classroom constraints and can tell colleagues, "T used this

with my students, and this is how I made it work."

Preparing Students for

Earth and Beyond

Agricultural literacy extends beyond traditional farming,
Food, water, soil, energy, biotechnology, and sustainability
are civic issues on Earth and will become survival issues
as humans move beyond it. In future settlements on the
Moon, Mars, or elsewhere, humans will again become
pioneers, with everyone connected to food production
and resource management. Students investigating these
systems today are developing scientific knowledge needed
to solve problems on Earth and eventually sustain com-

munities beyond it.

Conclusion

The practical teaching strategy demonstrated by Nourish
the Future is not simply providing teachers with more
curriculum. It is building teacher capacity. Agriculture
provides an authentic context for science, while NTF
prepares teachers to use that context through firsthand
investigations, classroom ready curriculum, equipment,
and connections with scientists, agricultural profession-
als, college faculty, and other educators.

The National Teacher Leader Cohort and NTF
FFTW workshops extend that impact as teachers reach
new students each year and share their experiences with
other educators. Water quality demonstrates the re-
sult. Students collect and interpret evidence, investigate
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human interactions with natural systems, consider pos-
sible solutions, and use science to participate thoughtfully
in civic decisions.

That is agricultural literacy. That is scientific literacy.

And that is civic engagement.
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Dark Waters: A Case Study

JEENA JOSEPH
Palo Alto College

The NSF-funded Retention, Relevance, and Readiness
Through Bridging Water Security Issues in San Anto-
nio (WaTR3) project aimed to address two persisting
challenges. The first being limited integration of limited
integration of local water issues into existing courses in
the Water Resources Science and Technology (WaTR)
program and in STEM program courses. The second
one is limited career pathways limited career pathways
for students interested in water-related professions. This
project developed water-focused curricular materials for
an Organic Chemistry I course centered on a case study
of per- and polyfluoroalkyl substances (PFAS) contami-
nation. The case study was used by students to connect
core chemistry concepts, including chemical persistence
and toxicology, to real-world consequences, fulfilling the
broader aim of teaching through the issues. Students

also had the opportunity to participate in a two-week

Research Experiences for Undergraduates (REU) pro-
gram held at Texas A&M University-San Antonio, and
faculty presented their project at the SENCER Summer
Institute as part of the project’s professional development

requirement.

This project was a subaward to Palo Alto Community
College from the Texas A&M University-San Antonio
WaTR3 program funded by the National Science Foun-
dation, which was established to emphasize the impor-
tance of integrating local water issues into the existing
WaTR program and STEM program courses. For the
chemistry program, this project was the first attempt to
incorporate a localized community water issue into the

curriculum.



In spring and summer of 2024, rigorous brainstorm-
ing sessions were conducted in learning communities to
design curriculum models for different disciplines. A case
study model based on a real-world water issue mediated
by per- and polyfluoroalkyl substances (PFAS) contami-
nation was selected for Organic Chemistry I during Fall
2025. PFAS are synthetic chemicals that do not break
down easily because they contain strong carbon-fluorine
bonds, which is why they are commonly called “forever
chemicals” (Cordner et al., 2019; Evich et al,, 2022). PFAS
have become a national environmental health concern
because of their contamination of drinking water, and
they have been identified as a major threat to Texas wa-
ter systems. In addition, the study of PFAS enables the
incorporation of critical Organic Chemistry I concepts,
including functional groups, polarity, and spectroscopic
analysis. To link PFAS concepts to the levels of contami-
nation reported across Texas (Dasu et al,, 2022; Kurwad-
kar et al., 2022; Valdiviezo et al., 2022), students created
a poster using instructor-provided guidelines and rubrics,
and they completed a survey that gathered feedback on
their experiences in the case study project.

The case study had two objectives: first to explore how
the functional groups of organic molecules influence their
solubility in water, and second to examine the chemical
principles behind detecting major PFAS, using chroma-
tography and spectroscopy, along with the importance
of safe handling and disposal of environmental contami-
nants such as PFAS (Chow et al., 2021; Evich et al., 2022).
These objectives were developed based upon the student
learning outcomes identified for lecture and laboratory
components of the Organic Chemistry I course syllabus.

The following student learning outcomes were met by
the project. PFAS was used as an example while discuss-

ing each of these student learning outcomes.

1. Explain the chemical and physical behavior of organic
compounds based on their functional groups, and
predict this behavior for a compound whose func-
tional group is known.

2. Determine the factors affecting the solubility of or-
ganic compounds in different polar and nonpolar

solvents.
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3. Apply chromatographic and spectroscopic techniques
to elucidate the structure of organic molecules.

4. Utilize chemical knowledge to understand safe han-
dling of chemicals and appreciate the role of chemis-
try in addressing societal challenges in areas such as
energy, medicine, and health.

5. Apply chemical knowledge to ensure safe handling
of chemicals and appreciate the role of chemistry in
addressing societal challenges in multiple areas, espe-

cially energy, medicine, and health.

Dupont, a pioneer in the development of Teflon-coating
technology used PFOA (Perfluorooctanoic acid), a syn-
thetic chemical, in their production plant. PFOA is a
member of the PFAS group of chemicals, which build up
in the human body because the body cannot break them
down and remove them. Without proper disposal of this
byproduct, DuPont company contaminated several water
districts near its production unit, causing chronic illness
among its employees and birth defects among children
in the surrounding community. DuPont concealed these
dangers for decades until an attorney began investigating
the issue and brought the truth to light.

The film Dark Waters tells the true story of this
investigation.

Interactive, Panopto videos of 20-minute modules
were created from the Dark Waters film, with two in-
teractive quizzes embedded in every module. It was a
semester-long activity. The quizzes were graded for par-
ticipation. Students were divided into groups on Canvas,
the Learning Management System at Palo Alto College,
to collaborate and discuss the questions which were tied
to the learning objectives. The students used the discus-
sion board to share insights and develop a comprehensive
understanding of the topics. The discussion questions ad-
dressed PFAS utilization, solubility, analytical approaches,
and structural elucidation. Students were encouraged to

identify sources of PFAS exposure and suggest ways to



minimize it. Students also completed a survey on their
experiences and understanding of the case study project.

The case study was presented in the SENCER (Sci-
ence Education for New Civic Engagements and Re-
sponsibilities) Summer Institute, the goal of which is to
connect basic science and civic engagement by teaching

through issues.

To connect the case study to a local water issue, students
were given the following prompt along with guidelines
and a rubric to conduct research on the prompt and pre-
pare a poster for presentation: “The EPA set its first-ever
limits, in ppt (parts per trillion), for five types of PFAS
chemicals in drinking water, and nearly 50 Texas public
water systems have reported exceeding the new limits for
at least one of them" (Martinez, 2024, 2025). Using this
prompt, students conducted research on this topic and

created a poster addressing the following major points.

+  Major classes of PFAS

+ Sources of PFAS in Texas (include 4-5 sources)
+  Detection methods

+ Health and environmental impact

+  Limits and safety measures

The poster also served as a resource for the faculty
during the project presentation at the SENCER Sum-
mer Institute.

The concern about limited career opportunities for
students and water professionals was addressed by creat-
ing an undergraduate research program (REU), in which
students participated in two weeks of paid research train-
ing in Texas A&M University-San Antonio laboratories

to prepare them for the workforce.

This project gave students insights into functional groups,
chemical analysis, health effects (Fenton et al., 2021; Pan-
ieri et al,, 2022), regulatory policies (O'Sullivan Bakshi

et al,, 2025), and environmental impacts of PFAS, as

Joseph: Dark Waters

reflected by their survey responses. Figure 1 compares
the structure of acetic acid (vinegar) to PFAS, which
have similar functional groups in them. As one student
commented, this project helped them better understand
how the structure of the PFAS molecules makes them
water-repellent, heat-resistant, and non-destructible
(Figure 1). The survey responses on interesting aspects
of PFAS, detection methods of PFAS, and familiarity
of students with PFAS were plotted as a percentage
in Figure 2, reflects a good percentage of students have
gained understanding about PFAS. The students were
able to connect chemical persistence and toxicology to
real world consequences (Dasu et al,, 2022; Kurwadkar
et al,, 2022). The project increased the students’ aware-
ness of the proper handling and disposal of hazardous
waste, and how to reduce damage to the environment and
impacts on human life. New regulatory actions continue
to be introduced nationwide to limit the exposure to
PFAS, and research activities continue to help us better
protect public health (Environmental Protection Agency,
2026). Students in this course became aware of hazardous
chemical disposal, safety procedures, and regulatory mea-
sures (Figure 2) and had the opportunity for two weeks
of paid research training. Faculty had the opportunity to
present at the SENCER Summer Institute. This proj-
ect established a foundation for educators in a variety of
disciplines to incorporate contemporary real-world issues
into their curriculum and instruction. It promoted stu-
dents' critical thinking and inquiry and encouraged them
to apply their academic knowledge to the issues in their

local surroundings.

I would like to thank Prof. Davida S. Smyth, and Science
Education for New Civic Engagements and Responsibili-
ties (SENCER) for their valuable guidance and generous
support for this project. This project was supported by
funding from the National Science Foundation (NSF #
2247898). I am grateful for all the support from the Sci-
ences and Kinesiology Department of Palo Alto College



FIGURE 1. Structure Comparison of Acetic Acid and PFAS
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FIGURE 2. Results of Student Survey on PFAS Case Study
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