
Stream Chemistry Across the Fall Zone 
 
This document provides intensive instructions for any teacher who wishes to implement “Stream 
Chemistry Across the Fall Zone” with their students. We welcome feedback and insights following 
implementation. If you would like to share your experience with “Stream Chemistry Across the Fall 
Zone,” please complete this Feedback Form (https://bit.ly/4hw7Jks). We hope you enjoy using “Stream 
Chemistry Across the Fall Zone” with your students! 
 

Estimated time to complete  

210 minutes 
≅3.5 60-minute class periods 
≅2.5 90-minute class periods 

Part 1: 15 min 
Part 2: 60 min 
Part 3: 60 min 

Part 4: 45 min 
Part 5: 30 min 

Materials needed 
 
For Parts 1-5: 
●​ Student Lesson 

Worksheet 
●​ Internet-capable device 

(ChromeBook, iPad, etc.) 

Part 1 ●​ Opener Slides (Slides 1-6) 

Part 2 ●​ Opener Slides (Slide 7) 
●​ Data (as Google Sheets doc - can be downloaded to .csv 

file) 
●​ CODAP 
●​ Data Dig Worksheet  

Part 3 ●​ Parameter Research Organizer 

Part 4 ●​ Digging Deeper Worksheet 
●​ USGS Site Basin Maps (with site coordinates) 
●​ MRLC Land Cover Maps (https://www.mrlc.gov/viewer/) 
●​ Google Earth Project link  

○​ Supplementary Satellite Images from project 

Part 5 ●​ Putting it all Together Worksheet 

NGSS alignment 

DCI 
●​ ESS2.C (1) 
●​ ESS3.C (2) 

SEP 
●​ Analyzing & Interpreting Data 
●​ Obtaining, Evaluating, and 

Communicating Information 
●​ Engaging in Argument from 

Evidence 

CCC 
●​ Pattern 
●​ Cause & Effect 
●​ Stability & Change 

Student outcomes 

●​ Students will analyze and interpret data to identify patterns in water quality parameters across 
urban and reference stream sites.  

●​ Students will obtain and effectively communicate scientific information from credible scientific 
sources in order to better understand the various research parameters and their impacts on stream 
health and critical zone functions.  

●​ Students will use their data analysis as evidence to argue how urbanization and other human 
developments impact critical zone processes. 

Recommended prior learning 

●​ Lesson: An Introduction to the Critical Zone  

https://docs.google.com/forms/d/e/1FAIpQLSfBTCYr7Uzs49PK48KUv0-SgYr7pZgaDontRSLggSFMHtjpFw/viewform?usp=dialog
https://www.caryinstitute.org/sites/default/files/public/downloads/lesson-plans/student_lesson_handout_stream_chem_in_fall_zone.pdf
https://www.caryinstitute.org/sites/default/files/public/downloads/lesson-plans/student_lesson_handout_stream_chem_in_fall_zone.pdf
https://www.caryinstitute.org/sites/default/files/public/downloads/lesson-plans/slide_deck_stream_chem_in_fall_zone.pdf
https://docs.google.com/spreadsheets/d/1VtGLuZSTyTdu4zFQYscpf48BhpKfhv9QCzk4iDFd5Oc/edit?usp=sharing
https://codap.concord.org/
https://www.caryinstitute.org/sites/default/files/public/downloads/lesson-plans/data_dig_handout_stream_chem_in_fall_zone.pdf
https://www.caryinstitute.org/sites/default/files/public/downloads/lesson-plans/parameter_research_organizer_stream_chem_in_fall_zone.pdf
https://www.caryinstitute.org/sites/default/files/public/downloads/lesson-plans/digging_deeper_stream_chem_in_fall_zone.pdf
https://www.caryinstitute.org/sites/default/files/public/downloads/lesson-plans/usgs_watershed_basin_maps_coordinates.pdf
https://www.caryinstitute.org/sites/default/files/public/downloads/lesson-plans/mrlc_land_cover_maps.pdf
https://www.mrlc.gov/viewer/
https://earth.google.com/earth/d/1pS7saCFTts1DtxkpLbjmU4bb_ekWc-8S?usp=sharing
https://www.caryinstitute.org/sites/default/files/public/downloads/lesson-plans/google_earth_satellite_images.pdf
https://www.caryinstitute.org/sites/default/files/public/downloads/lesson-plans/putting_it_all_together_stream_chem_in_fall_zone.pdf
https://my.nsta.org/ngss/DisciplinaryCoreIdeas.aspx?id=33
https://my.nsta.org/ngss/DisciplinaryCoreIdeas.aspx?id=38
https://my.nsta.org/ngss/PracticesFull.aspx
https://my.nsta.org/ngss/CrosscuttingConceptsFull.aspx
https://www.caryinstitute.org/introduction-critical-zone


●​ Students should have familiarity with watersheds and watershed dynamics. 
●​ CODAP Handbook: Getting Started with CODAP  

 
 
Background information for teachers: 
The Critical Zone (CZ) is the relatively thin layer of the planet where interactions occur between the 
biosphere, hydrosphere, geosphere, and atmosphere. These interactions are vital to the maintenance 
of healthy ecosystems and the existence of life on Earth. The CZ includes everything between the 
deepest groundwater all the way to the tops of the tallest tree canopy (from bedrocks to treetops).  
 
Key functions of the Earth’s CZ include: 

1.​ Water Cycling 
a.​ Water plays a central role in nearly every CZ process. 
b.​ The CZ controls the flow of water through ecosystems. 
c.​ The CZ regulates water’s quality and availability.  

2.​ Soil Formation and Maintenance 
a.​ Rocks and minerals are broken down through the process of physical, chemical, and 

biological weathering. 
b.​ Plants, microbes, and animals help break down organic matter to recycle nutrients and 

mix soil layers.  
c.​ Water carries dissolved minerals and nutrients through the soil.  

3.​ Carbon Storage 
a.​ Soils and vegetation are important sites for carbon storage.  
b.​ Soil stores more carbon than the atmosphere and vegetation combined (second in active 

storage only to the ocean). SOURCE  
c.​ Vegetation (especially old growth forests) also stores carbon through the process of 

photosynthesis.  
4.​ Ecosystem Supports 

a.​ All life exists in the CZ - from the smallest microbes in the soils to the tallest trees in the 
Amazon Forest.  

 
Scientists and researchers around the world are studying the CZ to better understand how it responds 
to both natural and human changes. The study of the CZ involves interdisciplinary collaboration 
between scientists from a range of disciplines, including (but certainly not limited to) geologists, 
hydrologists, ecologists, engineers, and sociologists. 
 
Video: Explore the Critical Zone (https://youtu.be/8gW-Vy7zFdU?feature=shared) WSKG Public Media 
 

USGS Monitoring Sites - Linked 

PPPI 
Latitude: 40.0897 
Longitude: -75.0691 

POBR 
Latitude: 39.4803 
Longitude: -76.6875 

DR4 
Latitude: 39.3132 
Longitude: -76.7321 

NWB1 
Latitude: 38.9526 
Longitude: -76.9651 

PPRH 
Latitude: 40.0500 
Longitude: -75.0327 

DRKR 
Latitude: 39.3112 
Longitude: -76.7166 

DR5 
Latitude: 39.2959 
Longitude: -76.7441 

NWB2 
Latitude: 39.0655 
Longitude: -77.0294 

 
 
 

https://docs.google.com/document/d/1dh80Jeb8zIuPauMl1HQKQBIbptsJisNeGmXTWfCnQT4/edit?usp=drive_link
https://climate.ec.europa.eu/system/files/2016-11/soil_and_climate_en.pdf
https://youtu.be/8gW-Vy7zFdU?feature=shared
https://youtu.be/8gW-Vy7zFdU?feature=shared
https://waterdata.usgs.gov/monitoring-location/01467042/#dataTypeId=continuous-00065-0&period=P7D&showMedian=false
https://waterdata.usgs.gov/monitoring-location/01583570/#dataTypeId=continuous-00065-0&period=P7D&showMedian=false
https://waterdata.usgs.gov/monitoring-location/01589315/#dataTypeId=continuous-00065-0&period=P365D&showMedian=false
https://waterdata.usgs.gov/monitoring-location/01651000/#dataTypeId=continuous-00065-0&period=P7D&showMedian=false
https://waterdata.usgs.gov/monitoring-location/01467048/#dataTypeId=continuous-00065-0&period=P7D&showMedian=false
https://waterdata.usgs.gov/monitoring-location/01589330/#dataTypeId=continuous-00065-0&period=P7D&showMedian=false
https://waterdata.usgs.gov/monitoring-location/01589312/#dataTypeId=continuous-00065-0&period=P7D&showMedian=false
https://waterdata.usgs.gov/monitoring-location/01650500/#dataTypeId=continuous-00065-0&period=P7D&showMedian=false


 
Data Lesson 3: Instructional Outline 
 
Part 1 - Introduction/Opener (“Brain Warm-up” on Student Lesson Handout) 

1.​ Objectives: Get students interested in the content of the lesson.  
2.​ Estimated time: 15 minutes 
3.​ Outline of suggested delivery: 

a.​ Each student receives a copy of the Student Lesson Handout 
b.​ Project images (Slide 2) of the four sites that will be featured in the lesson.  
c.​ Provide this prompt: These are four different research sites that are being studied 

by researchers and scientists along the Fall Zone. Take 2-3 minutes to individually 
record what you notice and wonder about the 4 sites shown here.  

i.​ Allow students time to share their noticings and wonderings.  
d.​ New prompts (class discussion, i-iii, iv individual). Consider recording some of the 

students’ shared thoughts on the board or class document where they can see them 
throughout this lesson.  

i.​ How would you rank the level of urbanization or human development of the four 
sites shown here? (Slide 3) 

ii.​ What do you see in the images that allows you to determine if a site is more 
developed or urbanized? (Slide 4) 

iii.​ How might water quality in streams that flow through more urbanized or 
developed sites be different from streams that flow through less urbanized or 
developed sites? (Slide 5) 

iv.​ Record one question you have about the relationship between urbanization/ 
development and water quality, and one question 
you have about urbanization/development and its 
impacts on critical zone processes. (Slide 6) 

 
Part 2 - Digging into Data 

1.​ Objectives: Students will investigate the data provided using 
CODAP software. During this investigation, students will 
complete a set of tasks in order to identify (but not explain) 
preliminary trends and patterns within the dataset.  

2.​ Estimated time: 45 minutes group work/15 minutes sharing 
3.​ TEACHER NOTE: It is recommended that students are provided 

an introduction to CODAP prior to beginning this lesson. The 
featured datasets contain many parameters, which may be 
overwhelming for a first-time CODAP user. See “Getting Started 
with CODAP” for additional information.  

a.​ Additionally, if you are comfortable with CODAP, you 
could build a lesson to share with your students via 
Google-supported digital learning platform that has the 
data already loaded as a table. See “Getting Started with 
CODAP” for more information. 

4.​ Outline of suggested delivery: 
a.​ Separate students into groups of 4 (there are four tasks 

as part of the Explore activity).  
i.​ Each students will need their Student Lesson 

Handout and the Data Dig Handout 



b.​ Project images (Slide 7) of the four sites from the opener, now with the site codes 
included. 

c.​ OPTIONAL: Sharing your screen so that the whole class can see, briefly remind 
students of the basics of CODAP 

i.​ Pro-tip: Consider calling on students to help demonstrate each step on the big 
screen! Ask them to show (visual) and narrate (audio) what they are doing.  

d.​ Students work on the tasks as described in the “Digging into Data” section of the Student 
Lesson Handout and record their findings in the Data Dig Handout.  

i.​ The instructor should rove around the room when students are sharing out and 
discussing their summary/conclusion to listen for misconceptions and/or to 
facilitate student thinking and discussion.  

e.​ Full group share: Each group takes turns sharing their summaries. 
 

Part 3 - Understanding the Parameters 
1.​ Objectives: Students will seek out credible scientific sources in order to obtain information about 

(become experts on) the parameters being studied in this lesson. Students will then 
communicate what they have learned to their classmates. 

2.​ Estimated time: 60 minutes (+15 if combining like parameter groups) 
3.​ TEACHER NOTE: You may want to review how students can tell if an internet resource is 

credible prior to beginning the research portion of the lesson. 
4.​ Outline of suggested delivery:  

a.​ Small group work (15 minutes individual research, 10 minutes sharing with team, 15 
minutes creating presentation) 

i.​ Students will work in the same groups of four - each student needs a copy of the 
Parameter Research Organizer. Additional instructions are included in the 
Student Lesson Handout.  

ii.​ Assign each group one parameter to research (alkalinity, nitrogen, carbon, or 
chloride).  

1.​ TEACHER NOTE: You may need to assign one or more of the 
parameters to more than one group, depending on your class size. 

iii.​ Students work on the tasks as described in the “Understanding Impacts” section 
of the Student Lesson Handout and record their findings in the Parameter 
Research Organizer.  

1.​ The instructor should rove around the room when students are sharing 
out and discussing their summary/conclusion to listen for misconceptions 
and/or to facilitate student thinking and discussion.  

b.​ Sharing (5-10 minutes per group, 3 groups) 
i.​ Each small group will present their findings to 

the class as a poster/presentation (Google 
Slides, whiteboard, etc.) 

1.​ TEACHER NOTE: If you have 
multiple “expert” groups for the same 
parameter, consider bringing the 
duplicte parameter groups together to 
collaborate before sharing with the 
class (e.g. all alkalinity groups come 
together before creating a 
presentation about alkalinity to share 
with the class) – This will add 



between 10-15 minutes to the total implementation time.  
ii.​ As each parameter group shares their information, students will fill in the rest of 

their Parameter Research Organizer. 
iii.​ During this time, the instructor should listen for misconceptions and/or facilitate 

student thinking and discussion, asking leading questions of presenting groups.  
 

Part 4 - Digging Deeper  
1.​ Objectives: Students will revisit their initial data 

observations and, working with additional data, will provide 
an analysis of the trends and patterns previously observed. 
Students will consider cross-site and cross-parameter 
relationships as well as limitations and errors within the 
data.  

2.​ Estimated time: 45 minutes 
3.​ Outline of suggested delivery:  

a.​ Each student will need access to the following 
resources: 

i.​ USGS Watershed/basin data 
ii.​ MRLC Land Cover data 
iii.​ Google Earth project link 

b.​ Each student will need a copy of the Digging 
Deeper Handout and their copy of the Student 
Lesson Handout.  

c.​ Students will work individually. 
 
 
Putting it all Together  

1.​ Objectives: Students reflect on their learning throughout this lesson in order to make a claim 
about the impacts of urbanization/human activities on critical zone functions. Students support 
that claim with evidence studied throughout the lesson and reasoning which includes knowledge 
from this and prior learning.  

2.​ Estimated time: 30 minutes 
3.​ Outline of suggested delivery:  

a.​ Students will work individually to respond to the “Putting it all Together” question.  
b.​ TEACHER NOTE: Of the provided statements, Claims A and D are the best choices.  


