THE FISH KILL AT RIVERBEND CREEK
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Complete student case file with
guided investigation
worksheets.
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HOW THIS ACTIVITY HELPS YOU

> Saves prep time with a fully structured, ES7{IRESN eIV SV ) 3 b ks

print-and-go investigation. WILL DEVELOP

> Drives high engagement while still e Data Analysis& = i
meeting academic goals as students are = Graphing B
Interested in what they’re doing. e Evidence Evaluation

Y>> Builds deep understanding with real- » Scientific Reasoning el
world relevance as the students * Claim-Evidence- | _ g
analyze real evidence, make Reasoning Writing

connections, and using CER to explain  * Collaborative |
the impact on the environment. Problem Solving




HOW THIS MYSTERY

WILL HELP YOU

Y>Prep-FREE and fully editable Environmental Science
Investigation - just print/upload and assign with no materials
needed.

Y>Engages every learner through a hands-on, high-interest, real-life
Environmental Case Study that boost motivation and participation.

Y>> Provides a consistent assessment tool with answer keys and rubrics.

Y>> Builds essential skills such as data literacy, graphing, problem-
solving, teamwork, and evidence-based writing skills.



What Will Your ) How low dissolved oxygen affects
aquatic life

How nutrient pollution increases
FULLY EDITABLE AND READY- biol Ogl cal oxygen demand

o6 The relationship between runoff and
=====4 INCLUDES |

=—F—i —~ -l EXTENSION water quality

— == = || ACTIVITY
How oxygen levels fluctuate overnight

How human activities influence
—— I3 freshwater ecosystems
& RUBRIC WITH GRAPHS | @ How environmental changes can be
COLLABORATIVE INVESTIGATIONS THAT
BUILD TEAMWORK, CRITICAL THINKING, & measured and monitored

SCIENTIFIC REASONING.

Students Learn?
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Part 1 - Mission

Briefing

Part 1 - Mission Briefing

Riverbend Creek runs past a park (upstream), a farm drainage ditch (midstream), a factory outfall pipe
(downstream), and then through town. This morning, community members reported many dead fish
near the Town Bridge.

Sites (in order along the creek)
Site 1: Upstream (Park) = Site 2: Midstream (Farm Drain) =>Site 3: Downstream (Factory Outfall Pipe)
- Site 4: Town Bridge

Your Job

s Study the evidence (datasets and notes).

Create graphs for each data set

Decide which data is most reliable and which might be questionable.
Determine what likely caused the fish kill.

Support your conclusion with evidence and reasoning.

Background

Dissolved oxygen (DO) is oxygen mixed into water. Many fish become stressed below about 5 mg/L and
may die at very low levels. Warm water holds less oxygen than cold water. Nutrients can boost algae
growth. When algae and other organisms decompose, they use oxygen, increasing biological oxygen
demand (BOD). High BOD can lower DO, especially overnight when photosynthesis is not adding
oxygen.

First Task:
Create a drawing of Riverbend Creek below. Use the information provided but also be creative.

Learn about Fill Kills and how they
affect an ecosystem

Review background science concepts
Examine site locations within the
ecosystem

Create a labeled environmental
drawing

Prepare to analyze multiple datasets
Investigate possible causes of
ecosystem change

Use evidence to determine the most
likely explanation



Part 2 - Evidence

Packet

Part 2 - Evidence Packet

Create a graph for each dataset.

Team Notes

Team A: Collected DO and temperature at all sites at 8:00 AM. Calibrated DO meter before sampling.
Team B: Repeated DO readings at 3:45 PM. They recorded a note that the probe was not calibrated

after lunch.

Team C: Tested nutrients and ammonia from water samples. They wrote: 'Phosphate reported as PO4-
P on the lab printout; we copied values into our table.'
Team D: Measured BODS5 (5-day biological oxygen demand) and turbidity from the same sample
bottles used by Team C.
Overnight Monitor: An automatic probe at the Town Bridge recorded DO every 2 hours overnight.

Dataset 1A - Team A Field Readings (8:00 AM)

Dataset 2 - Team C Chemical Tests (Lab Results)

Site Nitrate (mg/Las NO*) | Phosphate (mg/L as PO*)
Upstream 0.8 0.05
Farm Drain 4.6 0.18
Factory Outfall | 2.1 0.03
Town Bridge 2.6 0.1
Dataset 3 - Team D Water Quality Tests _
Site BODS (mg/L) Turbidity (NTU
Upstream 2.1 4
Farm Drain 6.4 18
Factory Outfall 12.8 9
Town Bridge 10.5 12

Matrate (Mgl as NO3-)

o

o

Site Dissolved Oxygen (mg/L) | Water Temp (°C)
Upstream 8.2 14.0
Farm Drain 5.1 16.5
Factory Outfall 3.3 | 18.0
Town Bridge 3.9 17.2
Dataset 1B - Team B Field Readings (3:45 PM)
Site Dissolved Oxygen (mg/L) Meter Note i
Upstream 8.0 OK -\
Farm Drain 5.0 OK ?b
Factory OQutfall 9.2 Probe not ca ﬁ
Town Bridge 3.8 oK e
Use Dataset 1A and 1B together to compare DO readings and spot any disa, E

Lipstream

Dataset LA and 18

- Tram A
_— Team B

Farm Drasn
Site

Dataset 2 - Mitrabe Test

Factory Outfall

Town Brge

Upstrasm

Farm Drain
Site

Factasy Outfall

Town Bridge

Review team notes and data
collection methods

Examine multiple environmental
datasets

Create graphs for each dataset
Compare data across sites or over
time

Look for patterns, trends, and
relationships

Prepare to evaluate evidence and
determine the cause of change




Part 3 - Analysis Answer trend-based questions
Taks using data
o |dentify patterns and relationships
: across datasets

Dataset 4 - Overnight Monitor at Town Bridge (Site 4)
Time DO at Town Bridge (mg/L)

12 AM 35
2 AM 2.9
4AM 2.6

= i e Evaluate data reliability and

Part 3 - Analysis Tasks
A. Trend Hunt (What patterns do you notice?)

|
1) How does DO change from upstream to downstream in Team A?
2) Which site has the highest nitrate? Which site has the highest ammonia?
3) Which site has the highest BOD5? What does that suggest is happening in the water?

4) What happens to DO overnight at the Town Bridge? When is it lowest?

[ | [ | |
B. Data Quality Check (Which evidence is reliable?)
For each dataset, decide whether it is: (1) Strong evidence, (2) Needs caution, or (3) Unreliable. . e C I e W I C e V I e n C e I S S rO n e S
Dataset Rating (Strong / Caution | Why? What would you do to

/ Unreliable) double-check?

Dataset 1A (Team
A field)

o Determine what most likely caused

Dataset 2 (Team C

lab)
Dataset 3 (Team D | [ |
lab)
e Fish Ki
(Overnight
monitor)
C. What Really Happened? (Group Conclusion) .
Use the checklist to build your explanation. Circle YES or NO. ‘ S e eVI e n C e O S u p p O r
Evidence shows DO is low at/near the Town Bridge. YES / NO
Evidence shows oxygen use is high (BOD is high). YES / NO
Evidence shows possible nutrient input (nitrates/ammonia). YES / NO

There is at least one questionable data point that should not drive the conclusion.  YES / NO

conclusions



Part 4 - Claim, o \Write a clear claim answering
Evidence, Reasoning the driving question
o Select specific evidence from
the datasets
T T e e o Students use data to support
thelr explanation
o Explain the cause-and-effect
L i relationships
o Connect scientific concepts to
your conclusion
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Full Teacher Answer Key

Teacher Answer Key
Graphs
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. Datasst 4 - Overnight DO at Town Bridge
Part 3:
A, Trend Hunt
Mast likely exp 1. Team A DO drops from 8.2 (Upstream] to 3.3 [Factory Outfall) and stays low at 3.9 (Town
oxygen deman Bridge).
downstream a 2. Team C nitrates peak at Farm Drain (4.6 mg/L); ammania peaks at Factory Outfall (0.42 mg/L)

the Factory Ou

3.

4,

and is also high at Town Bridge (0.30 mg/L).

Team D BODS is highest at Factory Outfall (12.8 mg/L) and Town Bridge [10.5 mg/L), indicating
lots of oxygen is being used by organisms decomposing material,

Overnight DO at Town Bridge drops to 2.6 mg/fL around 4 AM, then rises after sunrise (8 AM).
Low awernight DO can contribute to fish stress/death,

B, Data Quality Notes

Dataser 1A is strong: ealibrated meter and smooth pattern acrois sites.

# Dataset 18 needs caution/unreliable for the Site 3 value (9.2 mg/L) because it conflicts with Team A
and incledes a calibration warning. The other Site 1, 2, and 4 values match closely.

= Dataset 2 is mostly strong, but phosphate values should be treated with caution because Team C
noted the lab reported PO4-P (a different form/units), Students can still use nitrate + ammonia
patterns.

= Dataset 3 is strong and supports low exygen conditions because BOD is high at downstreamytown
sites,

= Dataset 4 is strong: automated probe shows overnight DO minimum when photosynthesis is
absent,

€. What Really Happened?
Evidence shows DO is low at/near the Town Bridge,

YES
.

Team A DO at Town Bridge = 3.9 mg/LL
DO below ~5 mg/L can stress fish
Overnight DO drops even further to 2.6 mgfL at 4 AM

Evidence shows oxygen use is high (BOD is high).

YES
.
.
.

BOD at Town Bridge = 10.5 mg/L
BOD at Factory Outfall = 12.8 mg/L
High BOD indicates organisms are using large amaunts of axygen during decomposition

Evidence shows possible nutrient input [nitrates/ammonia).

YES
.

Highest nitrate levels at Farm Drain = 4,6 mg/fL
Highest ammonia levels at Factory Outfall = 0.42 mg/L
Elevated nutrients support increased algae and bacterial growth

There is at least one questionabde data point that should not drive the conclusion.
YES
« Team B DO reading at Factory Outfall = 9.2 mgsfL
= Meter note states probe was not calibrated after lunch
+ Reading conflicts with Team A's value (3.3 mg/L)
= This should be treated as an unreliable outlier

Part 4:

Sample CER

Claim: The fish kill was most lkely caused by low dissohved oxygen overnight due to high biological
cxygen demand, linked to nutrient poliution.

Evidence examples:

Tearn A DO is only 3,3 mg/L at Factory Outfall and 3.9 mg/fL at Town Bridge.

Overnight DO at Town Bridge drops to 2.6 mg/L at 4 AM.

BODS is 12.8 mg/L at Factory Qutfall and 10.5 mg/L at Town Bridge.

Nitrate is highest at the Farm Drain (4.6 mg/L) and ammonia is highest at Factory Outfall (0.42
mg/fL).

Reasoning: High nutrients can increase algae growth and organic matter in the water. When that
material decomposes, bacteria use oxygen, raising BOD and lowering DO. Low DO is worst downstream
and gets even lower avernight when plants are not producing owygen. This combination can stress fish
and lead to a fish kil

Note an outlier: Tearm B's 9.2 mg/L DO at Factory Outfall should be rejected because it conflicts with
Team A and includes a calibration problem note.

* ® o 8

Extension Activity: Preventing Future Fish Kills — Answer Key
Acceptable C ity Actions [E
Students may suggest:

# Reducing fertilizer use on nearby farms

« Creating buffer zones |plants/grass strips) near the creek to absorb runoff

+ Improving factory wastewater treatment

e  Limiting chernical discharge fram the factory

«  Installing water filtration systems before water enters the creek
+  Building wetlands to naturally filter runoff
.

Reducing stormwater runoff entering the creck
Educating the community about pollution prevention
Monitaring discharge from farms or factories more often

Strong responses will explain that these actions would:
+  Reduce nutrient pollution entering the water
= Slow algae growth
*  Reduce decompesition
*  Lonwver BDD
+  Help maintain safe DO levels for fish

Acceptable Additional Tests (Examples)
Students may suggest:
+  Retesting dissolved axygen bevils at all four sites
# Testing nutrient kevels (nitrates and phosphates)
s Measuring ammonia bevels again
«  Monitoring DD overnight at mare locations
«  Testing watler temperature changes
s  Measuring BOD again at downstream sites
#  Testing turbidity levels
+  Testing water upstream of the farm drain or factory outfall
o Checking for algal growth in the water
«  Repeating tests using callbrated equipment

Serong responses will explain that these tests would help:
+  Confirm the cause of the fish kil
» Mdentify pollution sources
«  Track changes in oxygen levels
+  Monstar whether conditions improve after actions are taken

Sample High-Level Student Response
Action:

The eammunity could reduce ferilizer wse near the ereek, 3o fewer putrients enter the water through runaff.
Next Test:

I would test dissolved oxygen levels again overnight at all four sites to see if oxygen lewvels are still dropping to
dangerous levels for fish,

Students do not need to use exact scientific vocabulary, but their response should connect pollution 1o oxygen
lewels in the water.

Algae - Tiny plant-like organisms that live in water.
Ammonia — A chemical from fertilizers or waste that can affect water quality.
Analyze - To look closely at information to figure something out.

Bacteria — Tiny living things that break down dead plants and waste.

BOD (Biological Oxygen Demand) — A measure of how much oxygen is being used in water. Higher

BOD means more oxygen is used up.

Glossary of Terms

Calibrate — To check a tool to make sure it measures correctly.
Claim - Your main answer to the question you are solving.
Contamination = When something harmful gets into water.
Data reliability = How trustworthy or accurate the data is.

Dataset = A group of information shown in a table or graph.

Decompose — When dead plants or waste break down over time.

Dissolved Oxygen (DO) = Oxygen mixed into water that fish need to breathe.
Downstream — The direction the water flows toward.
Ecosystem = Living and nonliving things that interact in an environment,
Evidence - Facts or data that support vour claim.
Factory outfall pipe - A pipe outfal . cooc ciiimiee e @ G AvaE - ————

wastewater, or other materials are
Fish kill = When many fish die in o
Indicator = A sign that something |
mg/L - A unit that shows how mut
Nitrate — A fertilizer chemical that
Nutrients — Substances that help p
Outlier — A data value very differer
Photosynthesis — When plants use
Pollution — Harmful substances en
Reasoning - Explaining why your e
Runoff - Water that flows over lan
Temperature = How hot or cold so
Trend = A pattern shown in data.

Turbidity = How cloudy the water |
Upstream - Closer to where the cr
Water quality — How clean and he

Rubric:
Criteria 1~ Beginning 2 - Approaching 3 - Meets 4 - Exceeds
Expectations Expectations Expectations
Graphing & Data | Graphs are Graphs include Graphs are mostly | All graphs are accurate,
Representation | incomplete, missing | some correct accurate with clearly titled, correctly
labels, incorrect elements but have | correct labels and | labeled (axes & units),
graph type, or data | labeling errors or appropriate graph | appropriate graph type
is largely inaccurate | plotting mistakes type is chosen, and patterns
| are clearly visible
Trend Analysis | Struggles to identify | Identifies some Correctly identifies | Accurately identifies
patterns or trends but major patterns and explains clear
provides incorrect explanations are with some patterns across
conclusions unclear supporting data multiple datasets with
supporting data values
Data Quality Does not correctly | Identifies reliability | Correctly evaluates | Accurately evaluates
Evaluation evaluate dataset issues but most datasets with | reliability of all datasets
reliability explanations are reasonable and provides clear
limited explanations reasoning and logical
methods to double-
check data
Checklist / Shows limited Shows partial Correctly Correctly interprets all
Evidence understanding of understanding but | interprets most evidence-based
Interpretation the evidence some incorrect checklist items checklist items with
conclusions strong justification
Claim (CER) Claim is missing or | Claim is vague or Clear claim that Clear, precise claim
incorrect incomplete answers the driving | that directly answers
question the driving question
Evidence (CER) Evidence is missing | Uses limited or Uses at least three | Uses three or more
or incorrect partially accurate relevant data specific, accurate data
evidence points points from multiple
datasets
Reasoning (CER) | Reasoning is Shows basic Shows clear cause- | Clearly connects
unclear or missing | understanding of and-effect environmental factors,
cause and effect reasoning with human activities, and
minor gaps data trends to
ecosystem impacts
using logical scientific
explanation
Collaboration & | Limited Participates Completes Actively fulfills assigned
Role participation im inconsistently assigned role role and contributes
Participation group work responsibilities meaningfully
Environmental | Drawing is Drawing includes Drawing includes Drawing clearly
Drawing some correct all major locations

incomplete or

Missing Key

Glossary & Rubric
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