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Defining Environmental Health Science

‘Environmental health science is a field that focuses on how the environment
affects human health.”! This is done by assessing environmental exposures and
determining if they harm health. This may result in public policies or legislation to
prevent further injury or disease, or education to help citizens in adapting to
environmental effects that are unavoidable.

The field of environmental health science includes professionals with
backgrounds in atmospheric science, ecology, chemistry, geology, hydrology,
geography, anthropology, and much more.

e How does the environment affect our health?
e Environment, Health, You

The Summitville Mine is located approximately 20 miles southwest of Del Norte
in Rio Grande County. Abandoned in 1992, this open pit mine has been a
significant source of heavy metal pollution (copper, cadmium, manganese, zinc,
lead, nickel, aluminum, iron) to the Alamosa River. While these metals are
naturally occurring, the additional contamination eradicated local aquatic life and
negatively influenced agriculture operations relying on the Alamosa River for
irrigation.?2 While the scientific evidence on some metals is less robust, we know
that elevated exposure to lead can result in a wide range of health effects
including impaired neurologic and cognitive development for children, and
cardiovascular disease.* Manganese is a micronutrient and needed by our
bodies in small quantities — however, excess exposure can result in impaired
cognitive functioning and motor skills (especially in children).>®

The San Luis Valley is the highest mountain plain desert in North America, and
as a result, has a unigue climate. With climate stressors driving increases in
annual temperature, decreases in annual precipitation, and decreased presence
of previously sparce vegetation — the region is prone to experiencing elevated
levels of airborne particulate matter (dust). Combined with more frequent
wildfires, residents are experiencing more days with overall poor air quality.
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Exposure to poor air quality can contribute to conditions such as asthma, COPD,
and other respiratory conditions.” Check out these monitoring programs by
CDPHE and PurpleAir!

Heat stress is a significant burden on our bodies, as it requires a lot of energy to
maintain homeostasis. People who have preexisting medical conditions, are
older, or are exposed at elevated levels — the burden of this stress is even
greater. The Colorado EnviroScreen identifies portions of the San Luis Valley has
having many populations sensitive to climate stressors — including older adults
and people with existing health conditions.® Additionally, agriculture composes a
large portion of the local economy.*® While this population is at an increased risk
for direct outcomes such as heat-related illnesses, there is also a growing body
of evidence suggesting that heat stress may also result in other occupational
injuries. 1113

Environmental Justice

Disparities may occur within environmental health if any group of people are
disproportionately burdened by environmental stressors or hazards.
Environmental injustice, a concept related to social justice, occurs when
marginalized or underrepresented groups are disproportionally affected by
pollution, climate change, and other stressors/hazards.

To combat these inequities, the environmental justice movement focuses on “fair
treatment of all people regardless of race, color, national origin, or income; with
respect to the development, implementation, and enforcement of environmental
laws, regulations, and policies.”**

Learn about environmental justice

In 2009, large amounts of radioactive waste were being transported through
Conejos County. Specifically, just outside the town of Antonito, waste was being
transferred between truck and train transportation. Upon becoming aware of this
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activity, there were immediate concerns for the impact on local water quality. The
site of transfer was within 100 yards of a headwater’s tributary of the Rio Grande
and no assessment was conducted to understand baseline water quality. In the
event of an accident or waste spill, the extent of necessary remediation would
have been unknown.'516

A convergence of multiple factors allows us to identify these events as an
environmental injustice. Rural communities are known to have reduced access to
healthcare resources and the San Luis Valley statistically shows considerable
deficiency with respect to multiple public health measures.'” Notable portions of
residents identify as Hispanic or hold a low socioeconomic status.*® The lack of
notification and engagement for these activities, which pose potential
environmental health risks for community members, disproportionately affects
this underserved community. Activist and San Luis Valley native, Sophie Mayoti-
Guerrero said, “I definitely saw growing up that it's not just that laws aren’t
designed to protect places like the San Luis Valley, but they’re also really
specifically ignored for places like the San Luis Valley.”*°

Pollution and Human Health

Pollution is a central concern in environmental science, as it involves the study of
contaminants in the natural environment and how they disrupt ecosystems.
When humans are present in those ecosystems, we may be at risk of
experiencing negative health effects - from respiratory and neurological damage
to cardiovascular disease and cancer.

Pollution
and human health

Climate Change

Climate change is transforming the world as we know it. Unlike weather, which
describes short-term atmospheric conditions (like daily temperature, precipitation,
and wind) over hours or days, climate change encompasses broader trends and
averages over time. In some regions, it may result in milder or harsher winters,
extreme periods of heat or drought, and altered annual precipitation.

Direct effects of climate change can include injuries, death, and displacement
due to an increase in extreme weather events. However, there are many indirect
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effects such as vector-borne diseases (i.e. malaria or denque), food and water
insecurity, and undernutrition that are of concern as well.

Why is climate change a public health issue?2°

Climate change can often exacerbate existing environmental health issues. For
example, hot and arid regions can put outdoor workers at risk for heat-related
ilinesses. In a changing climate, these temperatures may be increased, posing
an even bigger risk to human health.

The San Luis Valley, like most of the Mountain West, has been experiencing a
drought for the last two decades. The aquifer that lives below the valley is
dwindling; decreased precipitation combined with a steady demand for water has
led to a shrinking supply, leaving less water available to meet the needs of
agriculture, ecosystems, and communities in the region. At the same time, dust
storms have become more common in the area. When dust settles on snow, it
makes the surface darker, in turn attracting the sun and leading to snow melting
earlier in the season.?}?? This change in timing disrupts the continuous flow of
water that is expected from snowmelt throughout the summer months.

All of these factors work together to put the valley at higher risk of wildfires.
Unfortunately, this risk has already become a reality for certain communities.
One of the largest wildfires in Colorado’s history occurred in the valley in 2018;
the Spring Creek fire burned through over 100,000 acres of land and destroyed
around 100 homes before being contained.?® These wildfires can have lasting
effects on air quality, water quality, and of course, the communities that they burn
through.

The San Luis Valley is a high mountain plain desert. It's naturally arid climate has
allowed the Great Sand Dunes to form, with winds displacing the top layer of soil
and moving it across the region.?* Knowing that airborne particulate matter in
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rural regions is primarily larger granules originating from windborne crustal
elements?52% and that this particulate can result in a health outcomes associated
with upper respiratory health outcomes,?’-3 this puts SLV residents at increased
risk. As climate change increases annual regional temperatures,3! it reduces the
availability of the necessary groundwater supporting the life of ground
vegetation3232 and therefore exacerbating existing respiratory health outcomes
from airborne dust.
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Section 2: Designing an Experiment

The Scientific Method

The scientific method is crucial for maintaining confidence in science. It offers an
organized, objective, and repeatable approach to understanding and explaining
the world around us.®* It is important to note that the scientific method is a
cyclical process, meaning results can be further tested and built upon with future
research studies.

el

/ Result Observation \

, THE
A&  SCIENTIFIC 2

) METHOD -
Conclusion Question
a . v
Experiment Hypothesis

https://st4.depositphotos.com/3900811/38175/v/450/depositphotos_381756660-
stock-illustration-the-scientific-method-vector-illustration.jpg

Experiments are a fundamental part of the scientific method as they provide a
systematic way to observe, describe, predict, and explain phenomena within our
natural world. They allow scientists to test hypotheses and theories, gather data,
and draw conclusions.

The Scientific

Method

Introduction to Experimental Design

Planning is a critical component of the scientific method. It allows scientists to
anticipate potential challenges, devise strategies to address them, and ensure
that resources are used efficiently.

Part of experimental design includes choosing your control group and your
experimental group. These groups should be as similar as possible, with the only
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difference being whatever you are researching. This way, you can compare the
two groups to see the effect of your topic of interest. Note that you can have
more than one control and experimental group! For example, your experimental
groups could be split into levels such as people exposed to high amounts of a
pollutant and people exposed to low amounts of a pollutant. In this scenario, your
control group should have no exposure to the pollutant being studied.

Let's focus on a study looking at how chronic pain affects physical
performance of older people in the SLV. The independent variable for this
study was chronic pain while the dependent variable was physical
performance. The experimental group consisted of people who reported
being troubled with pain most or some of the time during the past week.
The control group consisted of people who reported rarely or never being
troubled by pain during the past week. Notice how the researchers
decided to lump five groups of pain levels into two groups. These are the
types of decisions that you need to make during experimental design! The
researchers used statistical modeling to include other variables that may
impact this relationship and found that chronic pain did affect physical
performance.

Introduction to

experimental design

Data to Justify Experimental Claims (Examples)

Another essential component of science is the ability to understand data and how
it relates to your experiment. Interpreting data allows scientists to objectively
assess the results of their experiments, validate their hypotheses, and draw
meaningful conclusions. In addition to ensuring reliability and validity of research,
it allows scientists to communicate their findings effectively.

Data to justify

experimental claims (examples)
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Section 3: Science with secondary data sources

Primary and Secondary Data

Not all research requires the collection of new data (primary data). While some
scientists collect new data, epidemiologists and environmental scientists
frequently use existing data sources (secondary data). Secondary data can come
from sources like literature reviews, historical records, government reports, or
large databases. Scientists choose their data sources based on their research
guestions and available resources. For example, students may not have the time
or funding to collect data for a study, so they can instead use secondary data to
analyze and draw conclusions from.

Using Secondary Data

Before you use a secondary data source, it is important that you understand the
type of data that you are using. Data can be classified as gualitative or
quantitative and be collected in many different ways.

Depending on the experimental design from when data was collected, data may
be collected at one single point in time, or at many points in time. These
characteristics of experimental design provide a cross-sectional or_longitudinal

perspective.
Cross-sectional study Longitudinal study
Data collected at one point in time Data collected repeatedly over time
L
| | | | | |
T T 1 | | I
TIME TIME
<’ Scribbr

https://www.scribbr.com/methodology/cross-sectional-study/
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e Identifying individuals, variables and categorical variables in a data set
e Representing data

e Statistics intro: Mean, median, & mode

e Statistical questions

e Statistical and non-statistical questions

Examples of Secondary Data Sources
1. Colorado Health Information Dataset (CoHID)

CoHID provides access to state and local-level data and resources compiled
by the Colorado Department of Public Health and Environment and its
partners to help understand health and related issues affecting people in
Colorado.

2. National Environmental Public Health Tracking Network

The National Environmental Public Health Tracking Network brings together
health data and environmental data from national, state, and city sources and
provides supporting information to make the data easier to understand. The
tracking network has data and information on environments and hazards,
health effects, and population health.

3. EPA EJScreen

EJScreen is the EPA’s environmental justice mapping and screening tool that
provides a nationally consistent dataset and approach for combining
environmental and socioeconomic indicators.

4. Colorado EnviroScreen

The Colorado EnviroScreen is an interactive environmental justice mapping
tool. The tool enables users to identify disproportionately impacted
communities based on the definition in Colorado’s Environmental Justice Act
(HB21-1266) so that communities can directly benefit from equitable
distribution of money and other resources, enhanced opportunities to
participate in environmental policy/rule making, and priority
enforcement/compliance initiatives for environmental contaminants.
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Section 4: Mentorship and current research in the San Luis Valley

What is mentorship?

Mentorship is a relationship where an experienced individual (the mentor) guides
and supports a less experienced person (the mentee) in various aspects of
personal or professional development. Mentorship involves sharing knowledge,
providing feedback, and fostering growth.

How to find a mentor

Finding a mentor can look different depending on your needs, but there are some
common practices to make this process a little easier:

1. Setclear goals

Define what you hope to gain from the mentorship. What do you want to
learn?

2. Use your network

Students or early career professionals may not have a large network, so
maximize the connections you do have! Ask relatives, teachers, friends, or
community members if they know anyone with experience related to your
goals.

3. Schedule the first meeting

Take the initiative and reach out! Ask to set up an informational interview
or chat over coffee. Use this time to better understand their background
and confirm that they are a good fit to be your mentor.

4. Formalize the relationship (or don’t)

Hopefully in your first meeting, you were able to gauge compatibility with
your potential mentor. If your interests align, take things a step further by
expressing interest in learning from them! Some people prefer a more
formalized relationship, and others are content with informal relationships.

Don'’t get discouraged if you didn’t sense compatibility with your potential
mentor. Take the time to find someone who aligns with your professional
interests and personality. At the very least, you’ve just expanded your
network!
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5. Structure your mentorship

If you choose a more formalized mentorship, be sure to set expectations!
Make sure your mentor understands the type of guidance you’re looking
for. Respect their boundaries by asking if they have a preferred
communication channel and how often they’re willing to meet.

6. Show gratitude

In most circumstances, mentors are not required to share their knowledge
and experience. Express gratitude for their time and guidance.

7. Know when to look for a new mentor

Dynamics change over time. As a student or early professional, you may
outgrow your needs for a specific mentor. Stay open to new mentors — you
can have more than one!
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Section 5: DIY - Do it yourself!

Remember, planning is an essential component for any successful experiment. Let’s
brainstorm how we would plan for an environmental health experiment. Topics could
include air or water quality, drought, heatwaves, or waste management to name a few.
Do your best to follow the scientific method and plan through every stage of the project.

Research Question
Make an observation — what do you want to learn?

Hint: Pick a topic you are interested in. What could be potential consequences of this
topic? Who could be affected?

Hypothesis
Propose an explanation for your question — what do you think will happen?
Hint: use your existing knowledge to make an educated guess. Remember your

hypothesis does not have to be correct, in fact, disproving your hypothesis can provide
just as much useful information as supporting it!

Independent variable(s)
This is the variable that you change or control in an experiment. It's what you think will
cause a change in something else. Think of it as the "cause."

What are your control and experimental groups? How many levels are there of your
experimental group?
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Dependent variable(s)

This is the variable that you measure or observe. It changes in response to the
independent variable. Think of it as the "effect.”

What factors do you anticipate changing because of your independent variable?

Needed materials/support
What materials do you need to do this experiment? Do you need a mentor? Who?

Procedure

Make a plan! How are you going to do your experiment? This plan should include
enough details so that another person can replicate your experiment.

l4|Page
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Glossary

climate change — long-term alterations in Earth’s climate patterns®®

control group — a control group consists of participants who do not receive any
experimental treatment. The control participants serve as a comparison group

cross-sectional studies — where all data is collected at the same point intime;
data provides a “snapshot” of information®¢

dependent variable — the dependent variable is what is being observed and
recorded because of the independent variable; the dependent variable depends
on the independent variable

epidemiologist — an epidemiologist is a scientist who studies the determinants,
occurrence, and distribution of health and disease in a defined population3’

experimental group — an experimental group is a group that receives the
variable, or treatment, that the researchers are testing

heat stress — the general term for being exposed to heat in the environment

heat-related illness — a group illness that occur when the body is no longer able
to cope with heat stress (e.g. heat exhaustion, heat stroke)

homeostasis — the ability of the body to maintain the conditions needed to
function (e.g. sweating helps keep the body cool; shivering helps keep the body
warm)

independent variable — the independent variable is changed or controlled in a
scientific experiment to test its effects on another variable

longitudinal studies — where data is collected across more than one point in
time; data can be used to describe changes over time3¢

particulate matter — a mixture of solid particles and/or liquid droplets found in
the air; particulate matter is ranges in size and is often denoted PM with the size
of the particles in subscript (e.g. PMzs, PMs, PM10)

pollution — the introduction of harmful materials into the environment; these
materials can be solid, liquid, or gas substances, or even forms of energy such
as heat, sound, and radioactivity®®

primary data — new data specifically collected in current projects to answer
research questions; the researchers is the primary user®
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gualitative data — data that is not expressed as numbers and consists mostly of
words, pictures, or symbols; can be collected from interviews, focus groups, or
other written materials (e.g. doctors’ notes in medical records)=¢

guantitative data — data that is quantifiable and expressed as numbers (e.g.
census/housing information, electoral statistics, survey responses)3®

secondary data — data that has already been collected for a set purpose by
other sources and is readily available for use; the researcher is the secondary
user36

vectors — living organisms that carry infectious pathogens between humans, or
from animals to humans; vectors are often bloodsucking insects (e.g.
mosquitoes, ticks)3°

vector-borne diseases — human illnesses caused by parasites, viruses, and
bacteria transmitted by vectors (e.g. malaria, dengue, Zika virus, West Nile
fever)3®
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Appendix: Email templates for requesting mentorship

Subject Line: Inquiry for Science Fair Mentorship
Hello [Dr./Mr./Ms. Last name],

| hope this email finds you well. My name is [Your Name], and | am a high school
student at [Your School’s Name]. | am currently preparing for my regional science fair,
and | am reaching out with hope that you would be willing to provide guidance and
mentorship on my project.

| have chosen to focus on [briefly describe your project topic], and | am particularly
interested in this area because [explain your interest and any relevant background].
After researching potential mentors, | was impressed by your work in [specific area or
research of the professional] and believe that your insight would be invaluable to my
project.

| would be grateful for the opportunity to discuss my project with you and receive your
insights and advice. | am eager to learn from your experience and would greatly
appreciate any guidance you can provide. If you are available, | would love to schedule
a meeting at your convenience to discuss this further. | recognize that my student
schedule will likely conflict with your professional schedule, and appreciate any flexibility
you can afford.

Thank you very much for considering my request.

Best regards,
[Your name]
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Subject Line: Inquiry for Science Fair Mentorship
Hello [Dr./Mr./Ms. Last name],

| hope this email finds you well. My name is [Your Name], and | am a high school
student at [Your School’s Name]. | am currently preparing a project for my regional
science fair, and was hoping | could ask for your feedback/insight around [their field of
interest] as | draft my proposal.

After researching various experts, | was particularly interested in your work in [specific
area of work] because [describe your reason of interest].

| would be grateful for the opportunity to receive your guidance on exploring project
ideas in [specific field of interest]. If you are available in the next 1-2 weeks, would you
mind scheduling a virtual 30-min meeting with me to discuss ideas further? | recognize
that my student schedule will likely conflict with your professional schedule, and
appreciate any flexibility you can afford.

Thank you very much for considering my request. | look forward to the possibility of
learning from your expertise and contributing to your work.

Best regards,

[Your Full Name]
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