MODULE

Air Pollution in the Community

Combustion, Particulate Matter, and Community Health

Burningfuel, the chemicalprocessof combustion, hasbeen
apart of humancivilizationsincewe first started usingfire
for warmth and cooking. Whenthe Industrial Revolution
provided us electricity through widespreaduseof coal
burning power plants, combustion brought all new
benefits, and manyseriousdrawbacks.Theadvent of
carsand trucks driven by internal combustion engines
multiplied these effects. Combustionproducesparticulate
matter, aform of air pollution that canhavevery serious
repercussionsfor humanhealth and the environment. In this
module, students will take on the role of concernedcommunity memberswho fear that
their proximity to sourcesof particulate matter, both from combustion and other
processesjs endangeringtheir health. Acting ascitizen scientists,they will learnabout
where particulate matter comesfrom, and how it affects humanhealth. Theywill also
measureparticulate matter in their community. Themodule culminatesin a simulated
public meeting before a state committee where students will take on different rolesto
arguewhether or not dieseltrucks should be bannedfrom traveling through residential
neighborhoods.

Anchor phenomenon:Streamsof particulate matter emitted from dieselvehicles.

1 9 activities (2 optional) + summative assessment
1 Approximately 10 class periods (plus 2 optional)
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When to TeeathrhkisMddale

Finding the right place within a science scope and sequence to investigate air pollution with students
can be tricky.Below you will findsomeinformation about the module thatcan help you decide where
this it might fit into your own plans for student leaing:

0 Connection to EcosystemsAir pollution can have a tremendous effect on the health of
ecoystems. The NGSS standards focus on how changes to a physical or biological component
of an ecosystem can affect populations. In this module, the change in the ecoystem is
particulate matter pollution, and the population affected is humans. Alignment to the
standard would require additional examples of how other populations in the ecosystem is
affected, but this module would fit well within a larger investigation of pollutants affecting
ecosysems.

U Connection to Human HealthAir pollution from particulate matter pollution can have a
significant impact human health. This module focuses specifically on how the health of a
community is affected by particulate matter pollution. As such, it wouldt fwvell within a unit
on the human respiratory and circulatory systems to add a reabrld example of how the
environment affectsthe health of humanbody systems.

U Connection to Natural Resource Usagéir pollution is very much a story about human
population and the consequences of how we use natural resources. While the module itself
does not go into detail about kinds of natural resources, it would fit well as a part of a larger
investigation of fossil fuels, and how our usage of those fuels affe¢dtaman health
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Middle SchoolNGSStandards alignment

Performance Expectations

Focus PE:

MS-ESS3-3. Apply scientific principles to design a method for monitoring arg-minimizing a human impact on the
environment.* [Clarification Statement: Examples of the design process include examining human environmental
impacts, assessing the kinds of solutions that are feasible, and designing and evaluating solutions that could
reduce that impact. Examples of human impacts can include water usage (such as the withdrawal of water from
streams and aquifers or the construction of dams and levees), land usage (such as urban development,
agriculture, or the removal of wetlands), and pollution (such as of the air, water, or land).]

Background PE:

MS-LS2-4. Construct an argument supported by empirical evidence that changes to physical or biological
components of an ecosystem affect populations. [Clarification Statement: Emphasis is on recognizing patterns in
data and making warranted inferences about changes in populations, and-en-evaluating-empirical-evidence
supperting-arguments-aboutchanges-to-ecosystems. |

MS-ETS1-2. Evaluate competing design solutions using a systematic process to determine how well they meet the
criteria and constraints of the problem.

Science & Engineering Practices

Focus SEP: Engaging in Argument from Evidence

Engaging in argument from evidence in 61 8 builds on Ki 5 experiences and progresses to constructing a
convincing argument that supports or refutes claims for either explanations or solutions about the natural and
designed world(s).

1 Construct, use, and/or present an oral and written argument supported by empirical evidence and
scientific reasoning to support or refute an explanation or a model for a phenomenon or a solution to a
problem.

1 Evaluate competing design solutions based on jointly developed and agreed-upon design criteria.

Background SEP: Analyzing Data
Analyzing data in 67 8 builds on Ki 5 experiences and progresses to extending quantitative analysis to
investigations, distinguishing between correlation and causation, and basic statistical techniques of data and error
analysis.
I Use graphical displays (e.g., maps, charts, graphs, and/or tables) of large data sets to identify temporal
and spatial relationships.
9 Distinguish between causal and correlational relationships in data.

Background SEP: Constructing Explanations and Designing Solutions
Constructing explanations and designing solutions in 67 8 builds on Ki 5 experiences and progresses to include
constructing explanations and designing solutions supported by multiple sources of evidence consistent with
scientific ideas, principles, and theories.
1 Apply scientific ideas, principles, and/or evidence to construct, revise and/or use an explanation for real-
world phenomena, examples, or events.
1 Apply scientific ideas or principles to design, construct, and/or test a design of an object, tool, process or
system.
1 Undertake a design project, engaging in the design cycle, to construct and/or implement a solution that
meets specific design criteria and constraints.
1 Optimize performance of a design by prioritizing criteria, making tradeoffs, testing, revising, and re-testing.
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Disciplinary Core Ideas H

Focus DCI: ESS3.C: Human Impacts on Earth Systems

Human activities have significantly altered the biosphere, sometimes damaging or destroying natural habitats and
causing the extinction of other species. Butchangest o Eart hds environments can
and positive) for different living things. (MS-ESS3-3)

Background DCI: LS2.A: Interdependent Relationships in Ecosystems

Organisms, and populations of organisms, are dependent on their environmental interactions beth-with-etherliving
things-and with nonliving factors. Growth of organisms and population increases are limited by access to
resources.

Background DCI: LS2.C: Ecosystem Dynamics, Functioning, and Resilience
Ecosystems are dynamic in nature; their characteristics can vary over time. Disruptions to any physical or
biological component of an ecosystem can lead to shifts in all its populations. (MS-LS2-4)

Background DCI: ETS1.B: Developing Possible Solutions

A solution needs to be tested, and then modified on the basis of the test results, in order to improve it. There are
systematic processes for evaluating solutions with respect to how well they meet the criteria and constraints of a
problem. Sometimes parts of different solutions can be combined to create a solution that is better than any of its
predecessors. Models of all kinds are important for testing solutions.

Crosscutting Concepts

Focus CCC: Cause and Effect: Mechanism and Prediction T Events have causes, sometimes simple,
sometimes multifaceted. Deciphering causal relationships, and the mechanisms by which they are mediated, is a
major activity of science and engineering.
1 Relationships can be classified as causal or correlational, and correlation does not necessarily imply
causation.
I Cause and effect relationships may be used to predict phenomena in natural or designed systems.
1 Phenomena may have more than one cause, and some cause and effect relationships in systems can
only be described using probability
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NGSS 8 Grade Standards alignment

Performance Expectations:

Focus SEP: 5-ESS3-1. Obtain and combine information about ways individual communities use science ideas to
protect trdsarcdsand enkidrsment.

Background SEP: 5-ESS2-1. Develop a model using an example to describe ways the geosphere, biosphere,
hydrosphere, and/or atmosphere interact. [Clarification Statement: Examples could include the influence of the
ocean on ecosystems, landform shape, and climate; the influence of the atmosphere on landforms and ecosystems
through weather and climate; and the influence of mountain ranges on winds and clouds in the atmosphere. The
geosphere, hydrosphere, atmosphere, and biosphere are each a system.] [Assessment Boundary: Assessment is
limited to the interactions of two systems at a time.]

Science & Engineering Practices

Engaging in argument from evidence
Engaging in argument from evidence in 31 5 builds on Ki 2 experiences and progresses to critiquing the scientific
explanations or solutions proposed by peers by citing relevant evidence about the natural and designed world(s).
9 Construct and/or support an argument with evidence, data, and/or a model.
I Use data to evaluate claims about cause and effect.

Analyzing and interpreting data
Analyzing data in 3i 5 builds on Ki 2 experiences and progresses to introducing quantitative approaches to
collecting data and conducting multiple trials of qualitative observations.
When possible and feasible, digital tools should be used.
1 Represent data in tables and/or various graphical displays (bar graphs, pictographs and/or pie charts) to
reveal patterns that indicate relationships.
1 Analyze and interpret data to make sense of phenomena, using logical reasoning, mathematics, and/or
computation.

Constructing explanations (for science) and designing solutions (for engineering)
Constructing explanations and designing solutions in 3i 5 builds on Ki 2 experiences and progresses to the use of
evidence in constructing explanations that specify variables that describe and predict phenomena and in designing
multiple solutions to design problems.
I Use evidence (e.g., measurements, observations, patterns) to construct or support an explanation or
design a solution to a problem.

Disciplinary Core Ideas

ESS3.C: Human Impacts on Earth Systems

Human activities in agriculture, industry, and everyday life have had major effects on the land, vegetation, streams,
ocean, air, and even outer space. But individual s an
resources and environments. (5-ESS3-1)

ETS1.B: Developing Possible Solutions

Research on a problem should be carried out before beginning to design a solution. Testing a solution involves
investigating how well it performs under a range of likely conditions. At whatever stage, communicating with peers
about proposed solutions is an important part of the design process, and shared ideas can lead to improved
designs. Tests are often designed to identify failure points or difficulties, which suggest the elements of the design
that need to be improved.
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Crosscutting Concepts

Cause and Effect: Mechanism and Explanation
Events have causes, sometimes simple, sometimes multifaceted. A major activity of science is investigating and
explaining causal relationships and the mechanisms by which they are mediated. Such mechanisms can then be
tested across given contexts and used to predict and explain new contexts.

1 Events that occur together with regularity might or might not be a cause and effect relationship.
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Virginia Standards of Learning (SOLs) alignment

5.1(c) Interpreting, analyzing, and evaluatingdata. The student will é
1 represent and analyze data using tables and graphs

9 organize simple data sets to reveal patterns that suggest relationships

1 use data to evaluate and refine design solutions

5.1 (d) Constructing and critiquing conclusions af
9 construct and/or support arguments with evidence, data, and/or a model
1 generate and compare multiple solutions to problems based on how well they meet

the criteria and constraints

6.1 (c) Interpreting, analyzing, and evaluating di¢
1 organize data sets to reveal patterns that suggest relationships
1 construct, analyze, and interpret graphical displays of data

1 use data to evaluate and refine design solutions

6.1 (d) Constructing and critiquing conclusions af

1 construct scientific explanations based on valid and reliable evidence obtained
from sources (including the students?d

1 generate and compare multiple solutions to problems based on how well they meet
the criteria and constraints

Content Standards

6™ Grade The student will investigate and understand that humans impact the environment and
6.9 individuals can influence public policy decisions related to energy and the environment. Key
ideas include:

¢) major health and safety issues are associated with air and water quality;
e) preventive measures can protect land-use and reduce environmental hazards; and
f) there are cost/benefit tradeoffs in conservation policies.

Earth Science The student will investigate and understand that the atmosphere is a complex, dynamic
ES.11 system and is subject to long-and short-term variations. Key ideas include

c) natural events and human actions may stress atmospheric regulation
mechanisms; and

d) human actions, including economic and policy decisions, affect the atmosphere.
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Common Core State Standards alignment

Literacy Standards

RST.6-8.3 Follow precisely a multistep procedure when carrying out experiments, taking
measurements, or performing technical tasks.

RST.6-8.4 Determine the meaning of symbols, key terms, and other domain-specific words and
phrases as they are used in a specific scientific or technical context relevant to grades 6-8
texts and topics.

WHST.6-8.1 Write arguments focused on discipline-specific content.

WHST.6-8.1B Support claim(s) with logical reasoning and relevant, accurate data and evidence that
demonstrate an understanding of the topic or text, using credible sources.

SL.8.1 Engage effectively in a range of collaborative discussions (one-on-one, in groups, and
teacher-led) with diverse partners on grade 8 topics, texts, and issues, building on others'
ideas and expressing their own clearly.

SL.8.4 Present claims and findings, emphasizing salient points in a focused, coherent manner
with relevant evidence, sound valid reasoning, and well-chosen details; use appropriate
eye contact, adequate volume, and clear pronunciation.

Math Standards
6.SP.B.5 Summarize numerical data sets in relation to their context

On the Air 2020
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Activity 1 (Engage)The Trouble With Trucks
Timing:45 minutes
Purpose: Introducing the anchor phenomenon
V  Students will askquestions to clarify and define the phenomenon of poirgource air pollution
(truck exhaust)

Activity 2 (Explore): What Happens When Things Burn?
Timing: 4560 minutes
Purpose: Connecting the physical phenomenon of exhaust from trucks with the scientdfoncepts
of combustion and particulate matter
V  Students will know that particulate matter (PM) comes from combustion
V Students will have an intuitive and a cognitive understanding of what PM 10 and PM 2.5 are

Activity 3a(Explore): Measuring Particulate Matter Using Technology
Timing: 23 dass periods
Purpose: Measuring particulate matter in and around the school to learn how to measure PM anc
determine if there are any air quality issues in the local school community
V Students will be able to measure particulate matter using technology
V Students will be able to use their measurements to draw and support conclusions about how
healthy the air is near the school

Activity 3b (Explore): Measuring Particulate Matter Using Engineering
Timing: 34 class periods
Purpose Building particulate matter collectors to use around the school to develop engineering
skills, learn how to measure PM, and to determine if there are any air quaity issues in the school
community

V Students will be able to design, test, and deploy parti@te matter collectors

V Students will be able to collect and analyze data to determine what areas of the school

community have high levels of particulate matter in the air

Activity 4 (Explain): Particulate Matter and Human Health

Timing: 3645 minutes

Purpose: Understanding how particulate matter affects human health at a physiological level
V Students will be able tadentify the major health risks of particulate matter pollution
V Students will be able to compare and contrast the health effects of PM 2.5 and PM 10
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Activity 5 (Elaborate): Particulate Matter in the Community
Timing: 4560 minutes
Purpose: Understandindiow particulate matter affects human health at the community level
V Students will analyze data in order to connect particulate matter pollution to health
outcomes in a community
V Students will be able to distinguish between causation and correlation

Activity 6 (Elaborate): Air Toxics in the Community (optional)
Timing: 45 minutes
Purpose: Understanding hazardous air pollution and how it can affect communities
V Students will learn how scientists identifyaurces of toxic chemicals in the community
V Students will understand the difference between the criteria pollutants and toxic chemical
pollutants

Activity 7 (Haborate): Who is Polluting in My Neighborhood (optional)
Timing: 4560 minutes
Purpose: Identifying potential sources of harmful air pollution in local neighborhoods
V Students will research air pollution sources their communities and analyze their findings

Activity 8 (Elaborate):Not in My Backyard: Environmental Justice
Timing: 4560 minutes
Purpose) 1 OAOOECAOET ¢ AT OEOI T 1 AT OAl | ET QEOOOEAA OOET |
V Students will understand the concept of environmental justice
V Students will investigate environmental justice in their community to see if certain groups
of people are more frequently affeted by air pollution

Activity 9 (Evaluate: Public Hearing on Banning Diesel Trucks in the Neighborhood
Timing: 23 class periods
Purpose: Understanding the public policy of air quality, and learning to advocate for air quality
issues
V Students will explore and learn different perspectives on publpolicy related to air quality
V Students will make arguments based on evidence about whether or not diesel trucks
should be banned in the community
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Module Materialls

Activity 1 (Engage)The Trouble With Trucks
/A Handouts none
/E Materials neededComputer & projector, stickynotes, sentence strips
/A Optional materials:Air Quality Champions interview (see end of module)

Activity 2 (Explore):What Happens When Things Burn?
/A Handouts What Happens when Things Burn? notes sheet
A Materials needed:Two candles (large and small) arijhter/matches, glass jar that you can put
over the small candle (or a metal can with the label removed), flour, flashlight, orange/match
A Optional materials:aluminum foil, ice, paper

Activity 3a (Explore): Measuring Particulate Matter Using Technology
A Handouts Measuring PM in thedassroom Measuring PM in the School Community
/E Materials neededAirBeams (approx. 1:4 students; see module for details), Android device with
AirCasting app, clipboardscomputer & projector
/E Optional materials:Student computers

Activity 3b (Explore): Measuring Particulate Matter Using Engineering
A Handouts Design a Partculate Matter Detector
/E Materials neededGraph paper, magnifying glass/dissecting scope, materials for building and
testing the PM detectors (see module fodetails), scissors, additional blank paper
/E Optional materials:none

Activity 4 (Explain): Particulate Matter and Human Health
/A Handouts The Health Effects of Particulate Matter
/E Materials needed:Sentence strips, computer & projector
/A Optional materials:Student computers

Activity 5 (Elaborate): Particulate Matter in the Community
A Handouts Citizen Science: How Particulate Matter Pollution Affects a Community
/E Materials needed:Graph paper
/A Optional materials:Student computers

Activity 6 (Elaborate): Air Toxics in the Community (optional)
/E Handouts Air Toxics in the Community, Air Toxics and Criteria Pollutants
/E Materials needed:Computer & projector, speakers
/A Optional materials:n/a
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Activity 7 (Baborate): Who is Polluting in My NeighborhoodZoptional)
A Handouts Air Pollution Sources in My Community
/E Materials needed:Computer & projector
A Optional materials:Student computers (highly recommended)

Activity 8 (Elaborate): Not In My Backyard: Environmental Justice
A Handouts Environmental Justicdnvestigation Guide
/E Materials needed:Computer & projector, internet connection
A Optional materials:Student computers (highly recommended)

Activity 9 (Evaluatg: Public Hearing on Banning Diesel Trucks in the Neighborhood
/E Handouts Role play stakeholdecards, Diesel truck ban role play scenario, Role play planning,
hearing notes sheet, Cast Your Vote writing prompt
/£ Materials neededResearch materials (see module for details), presentation rubric (provided)
/ Optional materials:Student computers newsa®EAT A 11 #A1l EAl Ol EA8O AE/
phaseout
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TeacherBakkgronddriformation

articulate Matter (PM) Basics

€PM2s
Combustion particles, organic

PM stands for particulate matter(also called particle
pollution): the term for a mixture of solid particles HUMAN HAIR COROLS, ek, G
and liquid droplets found in the air. Some particles, oo S5 fhuong i deaber
such as dust, dirt, soot, or smoke, are large or dark
enough to be seen with the naked eye.tBers are so
small they can only be detected using an electron
microscope.

© PM1g
Dust, pollen, mold, etc.
<10pum (microns) in diameter

\®

Particle pollution includes:

1 PMuo: inhalableparticles,with diameters that o0
. HM (microns) in dameter
are generally 10 micrometers and smaller; FINE BEACH SAND
and

1 PM:s:fine inhalable particleswith diameters that aregenerally 2.5 micrometers and smaller.

o How small is 2.5 micrometers? Think about a single hair from your head. The average human
hair is about 70 micrometers in diametgr making it 30 times larger than the largest fine
particle.

These particles come imany sizes and shapes and can be made up of hundreds of different chemicals. Some
are emitted directly from a source, such as construction sites, unpaved roads, fields, smokestacks or fires.
Most particlesform in the atmosphere as a result of complex retions of chemicals such as sulfur dioxidend
nitrogen oxides, which are pollutantemitted from power plants, industries and automobiles.

What are the Harmful Effects of PM?

Particulate matter contains microscopic solids or liquid droplets that are small that they can be inhalednd
cause serious health problems. Some particles less than 10 micrometers in diameter can get deep into your
lungs and some may even get into your bloodstream. Of these, particles less than 2.5 micrometers in diameter,
alsoknown as fine particles or Pk, pose the greatest risk to health.

Fine particles are also the main cause of reduced visibility (haze) in parts of the United States, including many
of our treasured national parks and wilderness areas.

What is Being Done & ReduceParticle Pollution?

EPA regulates inhalable particles. Particles of sand and large dust, which are larger than 10 micromaters,

not regulated by EPA%0 ! 8 O 1T AOET T Al AT A OACEITT Al OO1I AG O OAAOGA
helpstaOA AT A 11T AAl CIT OAOT I AT OO 1 AAO OEA ! CAT AUBO 1 AOQEIT
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How Can IReduce My Exposure to PM?
You can use air quality alerts to protect yourself and others when PM reaches harmful levels:

AirNow: Every day the Air Quality Index (AQtglls you how clean or polluted your outdoor air is, along with
associated health effects that may be of concern. The AQI translates air quality data into numbers and colors
that help people understand when to take action to protect their health.

1 Go toAbout AirNow to learn how you can get AQI notifications.

1 Also learn how theAir Quality Flag Progransan help air agencies, schools, and other community
organizations to notify their citizens of harmful conditions and adjust outdoor physical activities as

needed.

Source: Particulate Matter (PM) Pollution, US EPAtps://www.epa.gov/pm-pollution/particulate-matter-pm-basics
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ACTIVITY DETAILS

Time: 45 minutes

Objectives
Students will ask
questions to clarify and
define the phenomenon
of point-source air
pollution (truck
exhaust)

Materials
Computer & projector
Sticky notes
Sentence strips (or
other paper)

Handouts
| See, | Think, | Wonder
Air Quality Champion
interview (optional) z
see end of module

Teacher Tip
If there are other
vehicles that your
students see regularly,
consider showing them
pictures of these as well
(ex. buses) as long as
they show the
phenomenon.

On the Air 2020

Activity 1(Engage). The Trraube\Wiithr furdieks

Activity summary: In this investigation kickoff activity, students are
introduced to the phenomenon of truck exhaust ang in the extreme case
z coal rolling. They take anoment to consider what they already know
about truck exhaust and come up with some questions about the topic
before they begin exploring in the next activity.

Standards Connection
DCI: ESS3.C: Human Impacts on Earth Systems

Warmup: What kinds of trucks have you seen in your neighborhood?

1 Students may identify garbagérucks, delivery trucks (ex.
Amazon), dump trucks (if they are near a construction site),
tractor trailers (ex. at grocery stores), tanker trucks (at gas
stations)

1 The purpose of this warmup is to provide information about
what kinds of trucks students ardamiliar with, which will help
with the rest of the investigation.

1. Frame the activity:Tell students that today they are beginning a new
investigation. For thisinvestigation, they are going to take on the role
of citizens who are concerned abousomething they have seen in their
community. In just a moment, they will see the santking. Will they

2. Introduce the Phenomenon:Diesel trucks Hand out the | See, | Think,
| Wonder sheet forstudents. Tell them that in a moment you are going
to show one or more videos of this event. Their job is to write down
what they seein the top row of the sheets using as many details as
possible.

Show students one or more of the videosr picturesbelow that show
dieselvehiclesemitting large amounts ofpollution. Choose the
video(s) that you think students will recognize from their own
experience
1 Garbage truck yideo, show just the first minute)
https://www.youtube.com/watch?v=TMzfOLfEOeA
1 Dump truck(vide)
https://www.youtube.com/watch?v=_VxpFDeBflo
9 School bus (picture)http://electricschoolbuscampaign.org/wp
content/uploads/2018/04/Snapshei-4-7-20182-03-AM.png
9 02111 ETC #1 Al 6 OOOAEO ioh (videg £E A A
show first minute)
https://www.youtube.com/watch?v=sqyZ1N9hvNU

)y
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You may also choose to show them a picture of a truck like thise if it
is a kind of truck you think they will be familiar with

TEACHER NOTES

Vocabulary
Make sure that
students are familiar
with what you are
referring to when you
use the word
OAGEAOOAB D B
need to know what it is
yet, but they should
know you are referring
to the smoke coming
from the trucks.

Afterwards, have students turn to a partner and shar@hat they saw.
Encourage themtcAAA OEAEO DPAOOT AOOGGS T AO/
Then have partners share with the whole groupJsequestioning
techniguesto help students focus on the exhaust from these vehicles
and to be as descriptive of it apossible. Ask students if they have ever
seen trucks like this before, either in their community or somewhere
else.

3. Ithink:IntheOX EET E6 OAAOET Tavelstdler@stnvfte O O
what they know about exhaust.They will have different amounts of
background knowledge, but they at least know that it is smoke that
comes from trucks.Then have them turn to a partner to share what

they know. Afterwards, havestudents share something that their Differentiation
partner said about exhaust. If students have
_ _ difficulty creating

4. 1 wonder: On their own,have students write down what they wonder questions, you can
about truck exhaust in question form (ex. Where does the exhaust provide them with
come from?). While they are writingpass out sticky notes tesmall types of scientific
groups of students When they are done writing, have each small questions to kickstart
group write down whatever questions they have about truck exhaust their thinking. For
Z one guestion on each sticky note. Whethey are ready, go around example: what is this
the class and have eachroup share one of their questions. You can made of? Where did this
rewrite these questions on the board or have students bring their come from? Is this
sticky notes up to the front. After each question, ask if any other dangerous to humans?
groups have the same questiorand make a note of how many groups Is this bad for the
have that queston. Tell students to put a check mark on their stickies environment? Is there

whenever a question they have has been shared that they only an alternative to this?
share new quesions. Continue around the room until all groups have
shared their questions.
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Vv

\%

TEACHER NOTES

Recommended

reading
For more on how
delivery trucks affect
pollution in cities, check
out this short article
from Scientific
American:
https://www.scientifica
merican.com/article/deli
very-vehicles
increasinglychoke-
citieswith -pollution/

Recommended

At some pointduring
the module, have
students read the
interview with this
iTAOI A6O ' E
Champion to get them
into the frame of mind

I £ xEAO OEA
investigating

On the Air 2020

5. Summariz questions.7 EOE OOOAAT 008

EAI Bh
into 2-4 groups of similar questions, and choose4overarching
guestionsto summarize the category (the class may need to create
questions that summarize each category)deally these will be
guestions that align closely with the goals of the modul@x. what is
truck exhaust made of?s truck exhaust harmful. Write these big
guestions on sentence strips (or other paper) and put them up on the
wall. Tell students that you will use the questions to help guide their
investigation.

i OCA

. Trucks in the community:Now that students have seen the

phenomenon, return to idea that citizens in the community are
concerned about these trucks. Ask students why people might be
concerned (ex. there are young children aroundhere are people with
asthma, etc.)In particular,ask if there are there people in the
community that might be more concerned than othersiave the
students ever experienced one of these trucks driving by? What was it
ike’s OA OEEO AO Al 1 bDPI 0001 EOU O
connection to the phenomenonand see it as something to be
concerned about.

EAI

Formative assessmentYoumay ©® A O O @ $eh, 1l hidk) | Wonder
sheets as dormative assessmentsince this activity is designed to
kickoff the investigation Alternatively, have studerdg write a short
answer about their experience with trucks like the ones in the
pictures: ex.How do they feel about these trucks?

Air Quality Champion

JoshuaShodeinde is an air quality
champion in our communityAsan
engineer at the Maryland Department of
the Environment, Joshua helps develop
icte ir regulationsLearnmore about
éois:ghjﬁhitfwork, and how he protects air
guality at the end of the module.
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STUDENT
Name HANDOUT

| See, | Think, | Wonder

) 3AAS8

) 4AEE] ES

y 711 AAOS
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Activity 2 (Explore): What HappensWibeTAihingsuBurn?

_ Activity summary: In this activity,students begin to investigate

combustion by observing a candle burn and looking at the soot it
ACTIVITY DETAILS produces. They read about particulate matter and experience a
variety of different demonstrations to understand the differace
between PM10 and PM2.5

Time: 4560 minutes

Obijectives Standards Connection
Students will know that SEP: Constructing Explanations
particulate matter (PM) CCC.: Cause and Effect
comes from combustion

Students will have an Warmup: Light the candle that you are going to use for the

intuitive and acognitive demonstration, and put it in a place where all students can see it.

understanding of what Have students describe what they see.

PM 10 and PM 2.5 are. T ol OOEAI A OAODPITOAOG )O CEOAO
coming£O0T I OEA OT bh EOS0 1 Al OET «

Materials

Candle & lighter/ 1. Frame the activity:Display the truck picture(s) from the

matches (you may want phenomenon (Activity 1)while the candle is still burning. Tell

2 candles, a bigger one students that the candle and the trucks have something very

for the first important in common. Seaf any students volunteer the idea

demonstration and a that they both burn things. If not, ask them what they see

smaller one for the coming from both the candle and the truck. Use questioning to

oxygen demonstration) help them focus on the smoke/exhaust, and the idea these

Glass jar &/or metal can both come from burning things. Both the trek (diesel fuel or

with label removed gasoline and the candle (wax) are burning things. Tell

O s OOOAAT 0O OEAO O O AAOOOAT A xEA:

Flour & flashlight
Orange (or match)
Glass jar, aluminum foil,
ice, paper, match
(optional)

pictures, we need to understand what happens when we burn
things, so they are going to study burning today.

2. Candle burningobservations. Pass out thenotes sheetO 7 E A O
(APPAT O 7EAT ahdEtdlistgddnts todaddree 6
observations of everything they are about to seen the left
side of the graphic organizer (Candle observationsjith one
observation per block Relight the candle if necessary, and
hold the glass jaror can above it so that it collects some soot
(you may need to hold it very close to the flamepfter you
have collected enough soottemove the jar/can and show it to
students. You can also wipe som of the soot onto a paper
towel and pass it around so students can see it. Make sure that
students also observe the wick (is it getting shorter?)

Handouts
Notes sheet:What
happens when things
burn?
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3. Candle burning discussionOnce students have finished making
observations, have them share their observations with the class,
and keep a record using the board or chart paper. Students can
AAA AAAE 1T OEAOS6O 1T AOACGommET T O
observations: the wax melted, black stuff came from the flame
and got stuck to the jar, the candle wick stayed the same.

1 If students have missed key observations (see below)
use questioning to focus their attention on these events
T Ask students ifthey know whatthe black stuff is that

they observed. If anyone uses the word soot, then put
this word up on the word wall, anchave them add the
word on their observation sheets wherever appropriate.

Constructing explanations.In pairs or small groupshave
students look at their observations, and think about what could
explain each of the things that they see. Use an example to get
them started: | observed the wax melting because the fire was
hot and the heat caused the wax to melt. Using the structur )
I AOGAOOGAA EAI ATE®D AAAAOOA EAoDI
their thinking process.Have them write their explanations on the
right side of the graphic organizer next to the observation.
Afterwards, have students share their explanations and add time
to the chart of the observations. After each explanation, see if
there is consensus among the class about whether the
explanation is true. Support students in reaching accurate
conclusions, but if they are stuck on something, tell them that
they will come back to it later when they have learned more.

Observations Explanations

The fire was hot and the heat

The wax melted caused the wax to melt

The jar has black stuff
(soot) on it

The candle is burning and it
makes soot that got on the jar

The candle wick stays the

The wick is not burning
same

When the candle burns, it
makes a gas

There is smoke coming
from the candle

On the Air 2020

TEACHER NOTES

OEAAC

Safety Note

V  Whenever you plan to
burn something in the
classroom, be sure to
have safety measures in
place such as a fire
extinguisher and fire
blanket

Teacher Tip

Make sure to try out the
candle demonstration

in advance. Some
candles produce more
soot than others, so you
may want to try out a
few different candles to
find one that work well.

Module 3: Adollution in the Community
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5. Building vocabulary.Tell students that scientists use special
vocabulary to talk about burning. Put the word Gcombustiond
AT Ancobplete combustiond on the word wall and ask if any

TEACHER NOTES students have heard the word combustion before. Explain that
combustion is the scientific wed for burning, and incomplete
AT T AOOOETT EO xEAT OI i AOWMEX C AT A

to where soot is, and tell students that soot is a kind of
particulate matter. It is called particulatenatter because it is
matter made up of small particles and it is abbreviated PMave
students write definitions for these hireeterms on their notes
sheets.

V If students bring up the
wick as something
needed for combustion,
ask them if the wick
disappeared when the
candle was burning.
You can use this as an
opportunity to have
them think aboutwhat
the wick is for in a
candle.

6. Oxygenand combustion.Light a small candle that you can put a
glass jar over. Tell students thatou are going to ut the jar over
the candle Have them makes observations of what they see,
then put the jar over the candle until it goes out.

Like before, have students develop an explanation for this
observation. Use questioning to help them reach theonclusion
that combustion requires air/oxygenConsider using the analogy
of what would happen to a person if they were in a sealed room
z eventually they would pass out from lack of oxygen.

7. Summarizing combustion reaction Ask students what they
think is needed for combustion. They should say air/oxygen (use
this as an opportunity to clarify that combustion needs oxygen in
DAOOEAOI Aoh 1T 0 EOOO AEOQ8 4EAU
Help them to think back to the truckz does it run on wax? What
word can we use to describe wood, gasoline, or wathey are
All Z£ZOA1 68 (AOGA OOOAAT OO xOEOA
T AAAAA EI O AT T AOGOOEIT o6 Al g 11
Then ask them what they think is made from combustion. They
should sty soot and/or particulate matter. Have them write
OEAOGA ET OEA OPOI AGAOGO 1T &£ Al i1 AGO
what the gases are in the smokehey sawcoming from the
candle. They may or may not know that carbon dioxide is the
main gas. You can tell therthat carbon dioxide and carbon
monoxide are the main gaseduring incomplete combustion

V' The particle turn and talk (AOGA OEAI AAA OEAOA cARAIRtedDT OEA
is designed to activate students that hydrogen and oxygen are also products of
student background combustion. They combine togethenwrite H,O onthe board.
knowledge. The key See if students can identify this product (water) and have them

takeaways will be write it on their sheets in the summary box.
addressed in the next

section.

1
OE

Teacher Note
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8.

10.

11.

What burns?Ask students what other things burn. Have them
make a list in the space on their notes sheet. They will likey _
things like wood, paper, matches, etc. Use prompts to help them
think of other things: what burns in a stove (natural gas?) what TEACHER NOTES
burns in a grill? (propane or charcoal) what burns in a car?

(gasoline). Have them add all these things to their notes gite
Remind students that all combustion requires some kind of fuel. Teacher note

V Micron and micrometer
are exactly the same unit
of measurement.
Micrometer is used in
this module because it is
the Sl unit of measure

Turn & Talk: What is a particle@ OO0 OEA xi OA OPA
the word wall, and have students turn to a partner to share what
they think of as a particle. Use additional prompts as nessary
(how big is a particle? What are particles made of? Can you give
an example of a particle?). Afterwards, have students share out.
Write down k(_ay tqkeaways for the group: _ andbecalis i

1 A patrticle is a very small part of something. are likely more familiar

1 The word particle can mean a laif different things z a xEOE OEA A

particle of dust, an atom, or parts of an atom. Some diagrams (such as

the one included on the
student sheet) use the

I : i
. ARt AR L ol term micron, so you may |
OEA xi OA OPAOOGEAI Ao OI AA Al A need to clarify this for A

talking about and how big they are, because there amnsany students.
different kinds of particles.

Demonstration Safety
V  Since breathig in PM2.5

PM 10 and PM2.5.Tell students that scientists use the terms PM
2.5 and PMLO to describe patrticles that are different sizes. Ask
students what they think PM stands for (particulate matter) and
which they think is bigge (PM10).Have students look at the
diagram on their notes sheet showing PNIO and PM2.5, and see
what stands out to them. After they share, have them read the
short paragraph below the diagram, and identify two similarities
and two differences between ®1 10 and PM2.5
1 Similarities: both are made of small particles, both are
products of combustion,both are harmful to human
health, both can be solid or liquid

and PM10 can be
harmful, students should
not breathe in the flour.
Breathing in the scent
from the match or the
orange is not significant
enough to cause harm.

{ Differences: PM2.5 is smaller than PNIO, PM2.5can only Current Events
be seen if there is a lot in once pte@, PM2.5 can get into Students may be
the human bloodstream there are some differences in interes_ted in knqwing
what PM 2.5 and PMLO are made of (PM lidcludesdust, how big coronavirus is
soot, pollenand various chemicalsPM2.5 ismostly a comp_ared to air
chemical mixbecause it is usually smaller than dust and poIIutloq. On_e
pollen) coronavirus is
approximately 0.1um,
Demonstrating PM10.Prepare by taking a small amount of flour which makes it much
in your hand and turning off the lights. Have students prepare to smaller than most PM
observe, then toss the flour in the air and shine the flashlight on 2.5.

it. Ask students what they saw, and fhether they think theflour
is PM10 or PM2.5 (it is PM10). Students should be able to see the
flour particles.
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12. Demonstrating PM2.5.Have students prepare to observe,
_ then move to a corner of the room and either light a match
and blow it out, or peelan orange. Have students raise their
TEACHER NOTES hands when they can smell the match or the orange. Ask them
whether they think the scent particles from the match or the
orange are PM10 or PM2.5 (they are PM2.5). Students should
Connection to Module be able to detect that there are partiles by the smell, but they
2 are too small to see.

AR WLERUEIREIEEREROEEE 13 Demonstrating Smog (optional).Prepare to create the demo
Red Day is the anchor by putting a piece of aluminum foil over a glass jar to make a
phenomenon in Module | lid. Take the lid off, and put ice on it to cool it down. In the
T8 ) 'CE Ul ©6 04 rnearitirne, put a sm# amount of water in the jar and swirl it
module with students, around to cover the inside. Light a small strip of paper with a
showing them how match and drop the paper and the match into the jar. Quickly
particulate matter and cover the jar with the foil lid. Allow students to observe. (What
moisture can create happens is the combusbn products combine with the cooled
smogmay bea water vapor to create a hazy smog: PM2.5)
particularly interesting
demonstration. 14. Visualizing Particulate Matter (optional).Show students the

.Ax 91 OE 4Ei A8O OEOOAI EUAOEIT T A]

here: https://www.nytimes.com/interactive/2019/12/02/climate/air

pollution-comparear-ul.ntml. Use the graph feature to compare
the amount of PM2.5 in different cities around the US and the
world.

15. Formative AssessmentShow students the pictures of the
trucks from the original phenomena and remind them of the
guestions they came up with during their first activity about
the trucks and their exhaustHave them use the information
on their notes sheé¢ to answer at least one of these questions
using accurate scientific terminology A @8 OxEAO EO OC
AGEAOOO IvAukday warE demind students that not
all products of combustion are visible.

1 Both PM10 and PM2.5 are coming from the truck.
Whilethe soot (PM10) is visible, other chemicals that
make up PM2.5 are also likely present even though we
AAT 60 OAA OEAI 8

|
> ‘ ¢ '\‘
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=
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https://www.nytimes.com/interactive/2019/12/02/climate/air-pollution-compare-ar-ul.html
https://www.wallpaperflare.com/peterbilt-truck-tractor-tanker-transport-blue-smoke-industrial-wallpaper-aktpe

What Happens When Things Burn Eaiesidl

Observations Explanations

Combustion:
Incomplete combustion:

Particulate matter:

Materials needed for combustion Products ofincomplete combustion
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Whatelse is a fuel? What burns?

€PM2s
Combustion particles, organic
HUMAN HAIR compounds, metals, etc.
50-70pum <2.5um (microns) in diameter

(microns) in ciameter

& PMqg
Dust, pollen, mold, etc.
<10pm (microns) in diametar

90 um (microns) in dlameter
FINE BEACH SAND

Reading

Alveolar

Respiratory
Bronchiole

V)

k Nose
R Epiglottis
‘ \*\;\‘ Trachea

onchus

Particulate matter is one kind of air pollution that is a product of combustion. Large particulate matter or
PM 10 is made of things like duspollen, sootand other chemicalsPM10 is between 2.5 micrometerand

10 micrometers long. That is about odth the width of a human hair. Small particulate matter or PI4.5

is smaller than 2.5 micrometers. That means four particles of RMare aboutthe same length as one
particle of PM10.PM 2.5 is a mix of chergals and metals that are very tinPM 2.5 is so small, you can

only seeit if there is a lot of it in one placeThe funny symbol jin the diagram abovestands forGmicro8 6
One pm (micrometer) is 1/10000800f a meter (one millionth) or 1/10001 £ A [ Ei 1 Ei AOAOS8
small! Particulate matter can be a solid or a liquid, depending on the source of the pollution. All
particulate matter is dangerous to human healttvhen we breathe it into our lungsPM2.5 is especially
hazardous because itan go deep into the alveoli of our lungs and may even cross into our bloodstream

and affect all parts of our bodies.

Name two similarities and two differences between PM10 and PM2.5

Similarities

Differences

On the Air 2020
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Activity 3a (Explore): Measuring FRatticltate\Matte U sing Tethindiegy

Activities 3a & 3b

There are two different methods stuénts may use to measure particulate
matter. Each is described below. You may choose to do one or both
activities, although the content in the two activities is similar.

1 Activity 3a(high tech). Students use commercially available PM meter
and android tallets to measure particulate matter pollution in and
around the school in order to identify sources of PM and areas that
may be unsafe due to air pollution. They gather and analyze data in
order to support claims about how safe the air is around the school.

Activity 3b (low tech). Students use the engineering design process to
design a lowtech particulate matter detector. They test out their
models, and then deploy them into the field where they can gather PN
that is deposited. Next, they gather and analgzthe data from their
detectors in order to support claims about how safe the air is around

the school.

Standards Connection

DCI: LS2.C: Ecosystem Dynamics, Functioning, and Resilience

SEP: Analyzing Data
Activity summary: (see above)

Before starting this activity

1 Read the information sheetAirBeams & AirCasting: How Does it

Work?

1 Read the information sheet: Using théirBeam and AirCasting App
and familiarize yourself with how the AirBeam and AirCasting

equipment works

1 Setup stations for students to measure particulate matter indoors (ex.

candle, incense, room deodorizer, etc.)

= =4

write out their routes.

On the Air 2020

Plan for any necessary chaperones for outdoor work on Day 2

Add map of the school community (anywhere students may go for
outdoor work) to the Day 2 data sheet: Measuring Particulate Matter
ET OEA 3AEITI

#1711 61 EOUS

) £ GsEE G

ACTIVITY DETAILS

Time: 23 class periods

Objectives
Students will be able to
measure particulate
matter using
technology
Students will be able to
use their measurements
to draw and support
conclusions about how
healthy the air is near
the school

Materials
AirBeams (approx. 1:4
students) These may be
purchased or borrowed
in partnership with
Clean Air Partners.
Android device with
AirCasting app
Clipboards
Computer & projector
Student computers
(optional)

Handouts
Measuring PM in the
Classroom
Measuring PM in the
School Community

Teacher Guides
AirBeams & AirCasting:
How does It Work?
Using the AirBeams
AirBeam Lesson Guide

Module 3: Adollution in the Community



Modification Note

TEACHER NOTES There are many different variations to how you might do this project,
depending on your school grounds, availability of chaperones, etc.
_ Consider what modifications, additions, or special preparationsyoay
Community need to make based on your individual situation.

Connection
V Take a moment to Warmup: What sources of particulate matter do you think there
explain to students are near our school? (you can be broad with the definition of
what a citizen scientist O1 AAOAUG Q
is, and how citizen 1 Possible answersschoolbuses(and other vehicles),
scientists can construction sites (for dust), power/chemical plants that
contribute to the health are upwind, wildfires, felds/trees that are producing

of their communities pollen

1. Frame the activity:Tell students thatnow that they know
the trucks in the pictures are emitting particulate matter, as
citizen scientists it is their job to see if trucks or other
sources of PM are making their ownaznmunities unsafe.
For the nextthree days, theywill measureand analyzethe
amount of particular matter in their communityldentifying
and quantifying the sources of PM in a community is
important so that community members can take action to
protect their health and the environment.

Due to the detailed directions required for using the
AirBeams, a separate lesson guide follows. Below is an
outline of the daily activities.

Day 1 Outline

1. Shows students how the AirBeam and AirCasting app
works including abrief review of the internal workings
of the device

2. Divide the class into groups and assign group roles.

3. Give each group an AirBeam and tablet to use and have
them practice connecting the AirBeam and tablet using
Bluetooth

4. Have students take measurementat variousstations in
the classroom

5. Using a Google Map of the school environment, plan
routes where students can measure air quality at
different locations during Day 2

On the Air 2020 Module 3: Air Pollution in the Community



Day 2 Outline
1. Refamiliarize students with the AirBearequipment

2. Take students outside and lead them along their routes to collect TEACHER NOTES
data and make observations.
3. Return to class to analyze data and observations.

Day 3 Ouitline
1. Students complete analysis questions based timeir data.

2. Students present their resuk to the class.
3. 300AAT 60 Aii bl AGA OEA 0O#11 Al 00
including a ClairEvidenceReasoning argument.
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TEACHER

AirBeam Lesson Guide GUIDE

Day 1
. 1T OAd 3A0O0OP OOAOQGEITTO A1 O 1 AAOGOOAIT AinhSudenid &8 OA Al AOO
ready to take measurements.

1. Tell students that for the new two days they are going to be collecting data with electronic devices
called AirBeams that are paired with tablets (or smartphones).

2. Introduce the AirBeams and tablets to stuehts by demonstrating how to turn on the devices and
off, and how to connect them to the tablets OAA O50ET ¢ OEA ' EO" AAT AT A ' E

3. Explain to students how the AirBeams work. Key points:
1 The AirBeams have a fan that pulls air into the device
1 Thereis an LED inside that shines a light on the air
1 The LED light is absorbed and scattered by the different sizes of PM
1 Sensors inside the AirBeam detect and measure the number of particles and their size by
how much light is absorbed, and scattered
4. Dividethe class into teams of four or more students depending on the number of instruments you
have. Assigning roles to each member of the student team will help make sure all students are
actively engaged. For Day 1, only role®land 4are needed. For Day 2, all four roles will be needed.
Each team member can be assigned one of the following roles
1) AirBeam transporter. makes sure the air beam is on and the air intake is clear and facing
outwards. Stay within 10 feet of tablet.
2) Tabletcarrier: makes sure the tablet is connected, receiving and recording the dafdso
takes photos of sources using tablet. Reads out the data for the group along the route.
3) Cartographer and timekeeperilead the team on agreed upon route. Identifies sources
pollution and makes notes on map
4) Data and note takerfill in the data table for # of sites agreed upon. Records observations.

5. Pass out AirBeams and tablets to each group. Make sure all group members know how to turn the
AirBeam on and off, and how tgair it with the tablet. Remind students that the equipment is
delicate and should be handled with care.

6. Pass out data collection sheets to students and review how they will collect datée units of PM
are pg/n¥. Explain to students how small a microgm is (onemillionth of a gram) and how big a
cubic meter is.

7. Finish setting upPM source stations. Possible stations include a candle, an air freshener (spray),
chalk dust, incense, etc.

8. Have students rotate among the stations and collect data. As eaelam moves through the
stations, they learn that commonly used items may release particulate matteliave students switch
roles at different stations saoall studentscan practice usinghe AirBeam andising the AirCasting
app on the tablet.

9. After the students have visited all the stations, have them return the AirBeams and tablets. Then
have themreview their dataand answer the questions on their data sheetgvhat source emitted
the most PMWhy do you think that is®hat kind of PM was the most common®hy?Discuss
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answers with students afterwards. You can also ask additional follow up questions such dsatw
happened when you moved closer or farther from a source?

10. To prepare for the outdoor portion of the investigation, project a Google Map of the sabl
community and/or pass out printed maps to students. Based on their warmup answers, and the
research they have just completed, have students identify possible sources of PM on their school
grounds or in the community. Common sources include the bus aratt drop-offs, vents from the
school (from an incinerator or HVAC system), or a busy street nearby.

11. Finally, have studentsdevelop an AirCasting route based on their understanding of whesad when
particle pollution might be elevated Also consider vinere the pollution is going to be the lowestas a
comparison point. Make sure students consider the time of dgywill there be cars or buses idling
out front? If not, can someone collect data when therare buses?You may have ifferent classes or
perhaps teans of students test air quality at different times of the dagr in specific parts of the
school grounds or community Some students maygree to arrive at school early one day to test
when the buses arrive in the morning ostay latein the afternoon whenparents are picking up
students. 0 AOO T 6O OEA O- AAOOOET ¢ OAOOEAODI AGA - AOGOGAO EI
students, and have thendraw or write their route on the sheet with numbers showing where they
will collect individual data.

Example magor planning AirCasting route
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ay 2

On the Air 2020

Organize students into their groups, and make sure that all students know their assigned roles. If
students will be traveling with a chaperone, have the chaperone introduce themselves to the
students.

Make sure all student groups have their Measuring Particulate Matter in the School Community data
sheets with their routes on them. Review what additional data students will collect while outdoors.
They should use their various senses (sight, smell and tireg) and observe and note emission
sources: exmobile sources such as moving cars, trucks, buses, a smoker Akifionary sources

such as a vent, garage, nail salon. Note how close the source is to the sensor.

Hand out the AirBeams, tablets, andipboards. Check to make sure all AirBeams and tablets are on
and connected before going outside.

Take students outside to a central meeting location. If groups will be following different routes,
make sure students and chaperones know what time they Wiheet back at the central location.

Students follow their agreed upon routes, collecting data as they go. When they have completed
their routes, they return to the central meeting location.

Whenthe student teamsreturn to the classroom have themupload the data to the AirCasting site
(option crowdmap). If time permits, gsudent teams should look at and analyze their data and be
ready to share out their observation and result{®therwise this can wait until Day 3).

arcastiog habkatmap org: * 90

Mp St

Sample data from the AirCastingiebsite

7. Before the end of the class period, make sure to look up the PM2.5 levels for the area near the
school. You can find this information by going tbttps://www.igair.com/air-quality-map and
usingthe map to find the nearest sensor. Be sure to record the PM2.5 level in piyfnot the

AQI).
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Day 3

1. Have students work with their groups to complete the analysis questions on their data sheétsad
a shortsensemakingdiscussion afterwards to clarifistudent thinking, especially around the idea of
where the PM in the school community is coming from.

2. Project O O O A AdtaGrndthe AirCastingwebsite, anddiscussthe datato clarify any questions
they have

3. Have student groups present thelata they cdlected andsharewhat they learned.Groups should

share:
1 Wherethey went
1 What they found (ex. sources)
1 What their data was
1 What they learned from their data collection and analysis
1 Anything they would do differently next time

4. Have students completethed# 1 T A1 OOET T 06 OAAQGEIT 11 OEAEO AAOA C

afterwards to review conclusions.

5. The final assessment for this activity is the ClatewvidenceReasoning argument. You may have
students do this in class or as a homework assignmeBspecially if students are new to writing
CERs, it is worthwhile to provide feedback on their responses and have them revise their responses
to ensure that their final CER is high quality.

Sample CER:

1 Claim: The air near the bus dregff is the least halthy for people to breathe.
1 Evidence: The level of Pi.5 near the bus drogff was 42.5.This was the highest of all
our measurements.
1 Reasoning: PM 2.5 can get into your lungs and your bloodstreavhjch can cause many
different health problems. The EP&hart shows that the amount of PM 2.5 near the bus
AOI B 1T £& xAO ET OEA 001 E Awicihvattheiorst rathd forOE OE O A
all of our tests.
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STUDENT

Name DATA SHEET

Measuring Particulate Mattein the Classroom

Connecting the AirBeam Sensor to the AirCasting App:
1. 4001 11 OEA 'EO"AAI =8 91 60611 ETI x E

O
Qu
O

2. Turn on the android tablet or phone. Open the AirCasting app.
3. Press the menu button, then press Settings.

E Press External devices, then select the AirBeam1 unique ID# (# will be on
the AirBeam itself) from the list of paired devices. When prompted to
conned, press Yes. You will then be redirected to the Sensors

Dashboard.
4. In 520 seconds, measurements from the AirBeam will appear on the screen and the
Al ETEET C OAA 1 ECEO 11 OEA 1 EO"AAI xEIl OxEO;
Data
Source PM 1.0 PM 2.5 PM 10
(ex. candle) (ng/m3) (ng/m?3) (ng/m3)

Which source had the highest level of any type of particulate matter?

Why do you think this is?

What kind of particulate matter (PM 1.0. 2.5, or 10) had the greatest amount?
Why do you think this is?
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STUDENT
Team Members: DATA SHEET

Measuring Particulate Matter in the School Community

- U COI @&Btidgdouk:E O

Insert Google map of the school community here.

Data
Location |PM 1.0/ PM 2.5/ PM 10 Additional Observations
Number (ug/md) (ug/md) (ug/md) Ex:school bus, vent, car, etc.

how close is the sensor to the source?
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Location |PM 1.0/ PM 2.5/ PM 10 Additional Observations

Number (ug/md) (ug/md) (ug/m?) Ex: school _bus, vent, car, etc.
how close is the sensor to the source?

Additional observations:
How windy is it?

Temperature: °F Relative humidity: %

Analysis Questions:

1. Was the PM level on your route higher, lower, or close to what you were expecting?

2. Where were particle levels highest?

What is causing the PM level to be so high hére

3. Where were the particle levels lowest?

Why do you think this was?

4. Do you think the time of day or season affected your results?

Why or why not?

5. Where do you think most of the PM near the school is coming from?

Conclusions: How healthy is the air near the school?
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When particulate matter levels get too high, they can be dangerous to our heallthe chart
below from the US Environmental Protection Agency (EP8hows how healthy the air is based
on the amount of PM2.5 and PM10. Keep in mind that these numbers are based on more than
just one reading. They are based on the average amount of PM measured over a wikaje

Good Moderate Unhgalthy for Unhealthy
Sensitive Groups
0z12.0 12.% 35.4 55.5-150.4
PM 2.5 ug/m? Lg/? 35.57 55.4 pg/n? g/
0z54.0 557154 1557 254 255z 354
PM 10 3 3 3 3
Hg/m Hg/m Hg/m Hg/m

What is the PM2.5 level for the day you your area (in pg/m) measured by the closest sens@r

You can find this information athttps://www.igair.com/air-quality-map or by talking to your teacher

According to the chart, how healthy was the air?

How does the PM2.5 levels you measured compare to this? Are your readings higher or lower or a
mix of the two?

Why do you think your readings might be different than threadings from the sensor?
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https://www.iqair.com/air-quality-map

Write a ClairEvidenceReasoning argument about whether the air near your school is safe to
breathe or not based on what you know about particulate matter. Make sure to use yalata
and the chart above to support your conclusion. You can choose to write about the area near the

school in general, about specific areas near the school, or both.

Claim:Do you think the air is safe to breathe or not?
Evidence:What data do you haved support your claim?
Reasoning What do you know about particulate matter that makes your claim true

based on the evidence?
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TEACHER

AirBeams & Aircasting: GUIDE
How does itwork?

The AirBeam is a palmized air quality monitor used to measure the amount of particulate
matter in the air. Paired with an android device, and the AirCasting mobile agipzen scientists,
educators, students, and community leadersan take air quality rmasurements and contribute

to a crowdsourced air quality map on the AirCasting website. Using the website, individuals can
display and share air quality data.

The AirBeam uses a light scattering method to measure particulate matter (PM 1.0, 2.5 and 10).
by drawing in air and measuring the concentration and size of particles using a light scattering
method.

Electromagnetic
Shielding

AirBeam2 Technical Specifications, Operation &
Performance

Focusing
Lens

Exhaust

BATTERY
CHARGING
INDICATOR

Infrared
LED

sssss
uuuuuuu

.....

Resistor / Light

Intake :
Heating Element Baffle

Image by Chris Nafas, modified by HabitatMap.

Once powered on, the AiBeam uses a small internal fan to create a partial vacuum which causes

more air to flow into the ABA AT 08 O0- OAT 01 O ET OAEA68 | O OEA AE
chamber, the infrared light from an LED bulb shines on the particles in the airstream. Some of

this light is absorbed by the particles, and some is scattered. Two senssnside the AiBeam:a
particle-counting sensor and a lighscattering sensor, detect the number of particles and the

amount of scattering.The information from the sensors is converted into a measurement that

estimates the number of particles in the a(see below for more information on how estimates

are calculated).

While the light scattering is related to the amount of PM in the air, the intensity of the light
depends on a number of different factors.

- Amount of particles - Angle of light scattering
- Size of partlcle§ - Number of particles
- Wavelength of light - Color of particles
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The AiBeam takes measurements of PM 1.0, 2.5 and 1Qg/m?, as well as temperature and
relative humidity. These measurements are taken once per second, and then communicated via
Bluetooth to the AirCasting mobile app. The app maps and graphs the dataeal time on your
android smartphoneor tablet. At the end d each AirCasting session, the collected data is sent to
the AirCasting website, where the data is crowdsourced with data from other AirCasters to
generate maps indicating where PM concentrations are highest and lowest.

An AirCasting session lets usecapture realworld measurements, annotate the data and share it
via the crowdmap on the AirCasting website. Using the AirCasting mobile app, AirCasters can
record, map, and shar@ levels of PM concentration (1.0, 2.5, and 10), temperature, sound levels,
and humidity.

-

* Particulate Matter 1.0, 2.5 and J)y/m3: Particles scatter light at an angle and intensity that is
dependent on their size. When light strikes a patrticle, it is either diffracted, refracted, reflected,
or absorbed. Smaller particles sti@r light more intensely and at smaller angles than larger
particles. Each particle size produces a unique scattering pattern. The intensity of light scattered
is a function of its wavelengtte, scattering angled, particle size ¢, and relative index of

refraction n between the medium and particle.

Photodetectors detect the intensity of scattered light. The energy of incident photons
(elementary particle of light) on these devices cause electrons to be liberated. This produces an
electrical signal (currat) which is proportional to the intensity of detected light. This signal is
converted into a measurement that estimates the number d&articulate Matter 1.0, 2.5 and 10
€g/m3.
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