Teacher Guide for the Substances Water Teaching Experiment
Full unit for middle and high school teachers
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Summary


The Substances in Water project is a weeklong inquiry-based lesson organized using the 5E educational model.  We begin by engaging the students with the following research question: 

“What natural and human-influence substances might be mixed with water in our schoolyard?  Can they move with rain, surface water, groundwater, or through plants and animals?”

In order to answer this question, the students need to understand that substances mix and unmix with water because of their molecular chemistry.  Students need to think across multiple scales and connect molecular chemistry back up to the landscape scale.

The lesson starts with the teacher walking the students through their schoolyard.  The teacher uses guiding questions to probe students about possible substances that could be moving with water (such as fertilizer).  Next the students generate a list of possible substances; as substances are named the teacher passes around jars containing the substances mixed with water for the students to observe.  The teacher probes students to think of possible pathways that the substances could follow with water.  Students generate ideas about how they could test if water follows each pathway.  Next, students engage in hands-on explorations of water pathways using salt, fertilizer, vegetable oil, and sediment as model substances. They explore if substances can move with water through the following pathway focused activities: 1) evaporation using a solar still or Bunsen burner, 2) plant uptake using celery stalks, 3) surface water runoff using a watershed model, and 4) groundwater infiltration using soil columns. 
The purpose of the hands-on exploration is to give students the opportunity to observe processes first hand in an outdoor setting and get a feel for driving and constraining factors.  Formative assessments associated with each exploration are used to encourage students to think about and discuss different pathways that substances and water can take.  These prompts are based on common problems exposed through our research on learning progressions.  Social tools like the Scale Tool and the Tracing Mixtures with Water Tool help guide students’ reasoning.
Online and hands-on simulations of solutions and suspensions at a molecular scale explain how the molecular scale properties of solutions and suspensions influence the movement of substances and water at a schoolyard scale. 

At this point, students begin to understand how solutions and suspensions differ and how these differences influence how substances move with water.  You can elaborate by encouraging them to use their mental model to test scenarios such as identifying sources of pollution that could contaminate runoff.
Students can evaluate their own progress by comparing their initial and final depictions of the substances moving through their schoolyard.
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Learning Goals



1) Trace substances in water through connected systems and recognize when substances will mix and unmix from the water.  Students should be able to trace substances in solution moving with water through surface runoff, soil infiltration into groundwater, and absorption by plant roots, but not evaporating with water into the atmosphere. Students should also be able to trace substances in suspension moving with surface water system runoff but expect that these substances will not move with water into vegetation, soil, or the atmosphere. Finally, students will be able to trace oil, which is immiscible, through the surface and soil systems as a different substance governed by gravity.

2) Distinguish between solutions and suspensions at the macroscopic and atomic-molecular scale. This includes recognizing that oil and water form a suspension called an emulsion because oil is not polar.
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Learning Progression Research
This inquiry project is part of a national educational research initiative aimed at finding effective ways to increase the depth of student understanding of scientific principles.  The lesson has been designed to address issues gleaned from years worth of research in student conceptions of water.  As one of the main goals of this lesson is to have students explore the relationship between substances and different water pathways, we would hope that student responses indicate that they understand that the water cycle is a complex system.  But how does this understanding manifest itself on a written exam?  The following table summarizes our research framework; higher levels represent more advanced understanding and lower levels represent more simplistic understanding.
Water Systems Learning Progression

	
	Elements of Accounts

	Level of Achievement
	Structures & systems
	Scale
	Scientific principles
	Representations
	Dependency & human agency

	Level 4

Qualitative model-based accounts
	Provide multiple, detailed, accurate pathways through environmental systems

Account for chemical nature of substances during mixing and moving
	Atomic-molecular through large landscape
	Include driving forces (e.g., gravity, pressure)

Include constraining factors (e.g., permeability, topography)
	Interpret constraining factors inferred from representations
	Identify limitations to human agency or dependence on environmental systems

	Level 3

Incomplete school science accounts
	Provide multiple pathways through hidden and invisible connections, including human-engineered systems in moderate detail

Identify different types of substances in water 
	Microscopic to landscape scale

May refer to smaller particles such as atoms or molecules


	Put events in order

No driving forces or constraining factors included


	Connect representations to three-dimensional physical world

Do not infer driving forces or constraining variables
	Include human systems as part of environmental systems

Do not recognize limitations of either human agency or environmental systems

	Level 2

Force-dynamic accounts with mechanisms
	Identify familiar and visible connections, including general connections to human systems

Water quality is referred to as a function of “good” and “bad” stuff
	Broader macroscopic to large-scale focus across familiar and visible dimensions
	Identify mechanism

Rely on actors or agents

Fit particular circumstances
	Include limited (e.g., 2 dimensional) connections from representations to the physical world
	Portray human systems as operating separately from natural systems but human systems can be impacted by natural systems

	Level 1

Force-dynamic accounts
	Water is represented only in isolated, visible locations

Water quality is referred to as a function of types of water
	Limited to macroscopic and immediately visible structures or phenomena 
	Focus on human structures, actions or needs 

No mechanisms for phenomena included
	No connections from representations to the physical world
	Portray humans as sources and movers of water

Portray water as serving human needs


Tools for Reasoning

Embedded in the curricula, are 2 Tools for Reasoning: the scale tool and the tracing mixtures with water tool.

Scale Tool
The Scale Tool is designed to support students in distinguishing between scales for objects, substances, substances mixed with water, and systems. The Scale Tool simplifies this task by highlighting four scales (i.e., atomic-molecular, microscopic, macroscopic, and landscape or large scale). The tool provides basic ranges for sizes that will fit into the four scales. 

Spatial scale is an inherently difficult concept for students, and also an extremely important concept for understanding water systems. For example, understanding whether a substance will mix with water to become a suspension or a solution has critical implications for water quality questions such as which water treatment methods will make a mixture potable. In our research, we have found that few students are able to use their understanding of scale to reason about how different mixtures could be treated to make water drinkable, or to reason about which substances would travel with groundwater and enter a well.

In this teaching experiment, students can use this tool in various contexts. One prominent context would be to consider the size of particles mixed with water. This exercise can help students distinguish between materials that mix with water to become solutions and those that mix with water to become suspensions. In turn, the type of mixture will affect how substances move, mix, and unmix with water while moving through connected environmental systems.  Use the Scale Tool to engage students in considering the relative size of different materials, and to help students understand that atomic-molecular and microscopic scales properties can affect the behavior of substances as they move with water through their macroscopic scale schoolyard.
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Tracing Mixtures with Water Tool
The Tracing Mixtures with Water Tool is designed to help students focus on how and why substances mix and unmix with water while moving with water through connected environmental systems. This tool is particularly helpful for considering how substances in solution will differ from substances in suspension in terms of when substances will separate from water while moving through and between systems (e.g., both substances in solution and suspension separate from water during evaporation; however, during groundwater flow, suspended substances that are larger than the sediment pore size are usually filtered out by sediments, while substances in solution will move with groundwater). Students reasoning at higher levels in the learning progression can begin using atomic-molecular explanations for why substances mix and unmix as they do. Students reasoning at Level 2 can think about these explanations focusing at the macroscopic scale. 
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Suggestions for using the tools are incorporated throughout the following lessons.

Implementation



Classroom Implementation

Full Option

	Day 1
	Pre-Assessment, Engage, Exploration 1

	Day 2
	Exploration 2, Exploration 3.1 & 3.2 (start)

	Day 3
	Construction Formative Assessment, Exploration 3.1 & 3.2 (finish)  + 3.3

	Day 4
	Fertilizer Formative Assessment, Exploration 3.4 

	Day 5
	Explain, Elaborate

	Day 6
	Post-Assessment


Condensed Option

	Day 1
	Engage, Explorations 1, Exploration 2

	Day 2
	Exploration 3

	Day 3
	Explain, Elaborate, Post-Assessment


For the condensed version, you will want to test if substances evaporate with water using a Bunsen burner rather that the solar still and you should eliminate the celery stalk exploration.  Soil columns, watershed models, and conductivity probes should either be premade or purchased to save time.  The online simulations of solutions and suspensions can be examined as a class. You can project them at the front of the class and have volunteers explore them and have the class discuss them as a group.  The laser beam experiment can also be done as a demonstration in front of the class.  
Teacher Professional Development Workshop Implementation

	3 Days Prior to Workshop
	Setup Experiments for Exploration 3 (Solar still and Celery Stalk).  Walk around the workshop location and think about possible substances that could move with water.  Look to see where gutters drain to – are there rain gardens?  Can you find storm drains?  Are there manhole covers that indicate the locations of sewers and drinking water pipes?  If not, can you find the location of the well or septic field?

	Hour 1-2
	Engage, Exploration 1

	Hour 2-2.5
	Exploration 2

	Hour 2.5-3
	Construction Formative Assessment, Watershed Model, Celery Stalk

	Hour 3-4
	Fertilizer Formative Assessment, Soil column, Evaporation, laser beam

	Hour 5
	Explain, Elaborate

	Hour 6
	Group discussion of student learning


If you want to have teachers stay in the role of learner for the whole workshop have them take the formative assessments.  Or you can have them look at sample student responses to the formative assessment, have them discuss their students possible responses.  Debrief conversation of how different activities helped them move through the learning progression…
Material List



Ask your administration or facilities manager: 

· Has anything been done to manage stormwater or improve water quality on campus?  Are there any rain gardens, stormwater management ponds, wetlands, riparian buffers, or gray water recycling systems?

· Find out where the school gets its water (municipal or well water)?

· Find out where the schools’ wastewater goes (septic field or sewer)?

· Are there storm drains?

These are great questions for your students to investigate either about their school or their homes!

Exploration #1: Investigating substances in the schoolyard

· Students should be dressed appropriately for going outside

· List of guiding questions to probe students

Exploration #2: Group exploration of schoolyard substances jars

· Quart size Mason jars with lids (or other clear containers)
· Model substances
· Sediment (schoolyard soil and/or sand)
· Oil
· Fertilizer
· Road salt deicer
· Leaf litter
· Grass clippings 
· Flowers
· Trash
· Antifreeze
· Soap and you can look at your schoolyard to come up with others…
Exploration #3: Hands on explorations of water pathways

3.1 Evaporation (materials for each group): 
Depending upon your available time, you can have students test to see if substances evaporate with water using a Bunsen Burner or an Evaporation Still.  An advantage of the solar still is that it traps the evaporated water for students to test – this activity can help clarify the common misconception that salty water produces salty rain. 
Option A – Solar still - Each group will need:

· 4 – large container

· 4 – small container

· 4 small stones

· Plastic wrap

· Conductivity meter (see end of materials list for recommendations)
· Scale

· 4 Teaspoons

· Tape

· Sharpie Marker
Or
Option B – Bunsen Burner - Each group will need:

· Bunsen Burner setup with iron ring and wire gauze

· stirring rod
· 250-mL beaker & beaker tongs

3.2 Plant Uptake (materials for each group):

· 4 – labeled beakers with mixtures from light beam experiment

· 4 celery stalks with leaves

3.3 Surface Water Runoff:

· Tablespoon

· 4 - labeled buckets for waste disposal

· Spray bottle with water

· Watering can

There are several choices in terms of what you use for your watershed model:  
Option A: You can purchase a watershed model from Science Kit & Boreal Laboratories – http://sciencekit.com/ig0022738/p/IG0022738/  (#WW69551M00; $90) or from EnviroScape – http://www.enviroscapes.com/nonpoint-source.html (#71005C; $830)
Or
Option B: Make your own. For each watershed model you will need:

· Gallon-sized Ziploc bag

· Shredded office paper

· 8 cups of water

· 2 cups white glue

· aluminum roasting pan

· cardboard base to lay inside roasting pan 

· waterproof sealant like shellac
· Watershed model template

3.4 Groundwater Infilitration (materials for each group):

· 4 clear plastic water bottles

· 4 mesh screen squares (10 cm x 10 cm)

· 4 rubber bands

· Scissors

· 4 – 100 ml beakers
· Media (ex. schoolyard soil or sand – do not use potting soil because it often has fertilizer)

· Conductivity Meter (see end of materials list for recommendations)
Explain: Molecular Properties Control Pathways Substances Travel with Water
1.1 Online Simulations

Access to a computer or computer lab (ideal) with internet access 
1.2 Hands-on Molecular Models

Option A: You can purchase a 3D Water Kit http://3dmoleculardesigns.com/waterkit.php This kit has magnetic Na+ and Cl- ions and H2O molecules that join together so that positively charge atoms are attracted to negatively charged atoms and positively charged atoms are repelled by other positively charged atoms.  The atoms join at proper bond angles.  This is a great learning tool but it is pricey.
Or

Option B: Bead Lab (materials for each group)
· Student copies of Solution Bead Lab

· Petri dish

· Tupperware dish (the disposable Ziplock kind will work)

· Marbles (clear are best – can use the marbles that are used in artificial plant

· arrangements) 
· Round plastic beads of one color~ 8mm

· Round plastic beads of a different color ~3 mm 
Finding beads that will give you successful results for this lab can be difficult.  The size listed in the materials is just a suggestion. Make sure that the smaller

beads will fit through the spaces between larger ones but not through the center of the larger beads. Round beads work best.
1.3 Light Beam Tyndall Effect (materials for each group):

· Laser beam (or flashlight but laser beam is better)

· 4 – beakers
Conductivity Meter
There are several options for which conductivity meter you use.  Some teachers like to have students make the qualitative meter before using a quantitative meter.  The homemade qualitative meter is far less sensitive than the qualitative meter so its important that you test your setup in advance to make sure that you are using enough substance to make the Christmas bulb light up.

Option A. You can purchase a quantitative conductivity meter from Oakton –http://www.4oakton.com/proddetail.asp?parent=2&prod=352&value=detail (WD-35425-10; $155) or from Vernier – http://www.vernier.com/products/sensors/con-bta/ (LabQuest; $329 & conductivity probe; 95)

Or

Option B. You can make a qualitative meter
· White Christmas lights

· Aluminum foil

· 9V battery

· Popsicle/craft stick or plastic knife

· Wire strippers or scissors

· Tape
Engage: Research Question



Begin by having your students set up their notebooks for this new project.  They should make a bold title: “Substances in Water” and record the date and the names of their teammates.

Have your students copy the following research question into their notebooks:

“What natural and human-influenced substances might be mixed with water in our schoolyard?  Can they move with rain, surface flow, groundwater, or through plants and animals?”

Ask your students to use colored pencils to draw from memory a detailed diagram of different substances that can move with water through their schoolyard.  They should pay special attention to the different pathways through which substances may follow.

Collect their diagrams.  You will ask them this question again at the end and they will be able to see what they learned based upon the changes to their diagram.  
Explorations 1-3 and the Explain activities will help us answer this research question. 

Exploration #1: Investigating substances in the schoolyard



Ask your students to look at the landscape and think about what substances could be mixed with water.  Possible substances include natural materials like leaves, grass clipping, pollen, seeds, and flowers.  Some examples of human-influenced substances are fertilizer, motor oil, antifreeze, and road salt.  
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Substance	 Where	does	it	come	from?	

How	does	it	move	

with	water?	

What	type	of	

mixture	is	this?	

How	might	it	affect	the	

environment?	

1.	Fertilizer	(nitrogen,	

phosphorus,	and	potassium)	

People	add	it	to	help	

plants	grow	

Over	the	ground	

Through	the	ground	

Into	the	atmosphere	

Into	plants	

Solution																								 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	

Suspension																			 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	

Emulsion	

Too	much	can	harm	

plants	and	excess	

nutrients	can	pollute	

freshwater	and	cause	

eutrophication	

2.	Pesticides	

People	add	it	to	eliminate	

bugs	or	plants	

Over	the	ground	

Through	the	ground	

Into	the	atmosphere	

Into	plants	
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Emulsion	

These	can	be	toxic	to	

non-target	species	

3.	Motor	Oil	

People	add	it	to	their	cars	

to	make	the	engine	run	

Over	the	ground	

Through	the	ground	

Into	the	atmosphere	

Into	plants	

Solution																					
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Emulsion	

It	can	be	toxic	when	
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engine.	

4.	Copper	

When	people	push	on	

their	brakes	copper	is	left	

as	dust	on	the	street.	

Over	the	ground	

Through	the	ground	
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Into	plants	

Solution																					

	

		 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	

Suspension																		 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	

Emulsion	

Copper	can	be	toxic	to	

fish	and	amphibians	

http://www.epa.gov/R5S

uper/ecology/html/toxpr

ofiles.htm			

5.	Zinc	

Zinc	dust	is	produced	from	

tire	wear.	

Over	the	ground	

Through	the	ground	

Into	the	atmosphere	

Into	plants	

Solution																					

	

		 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	

Suspension																		 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	

Emulsion	

Elevated	concentrations	

can	be	toxic	to	aquatic	

life	

http://www.epa.gov/R5S

uper/ecology/html/toxpr

ofiles.htm			

	

[image: image6.emf]Targeted
Understanding










Targeted	

Understanding	


Explain that in your schoolyard there are lots of substances that can mix with water and affect water quality and aquatic life.  You can use the following guiding questions to probe students and help them fill out the Schoolyard Substances Chart.  As the lesson progresses, the students will be able to fill out the Schoolyard Substances Chart more fully.  

Let students know that at this point they only need to fill in the first 2 columns – after they complete the lab activities they will complete the rest of it as part of their lab report.

Guiding questions to probe students
Each guiding question is followed by a potential answer.
Q: Do the fields look really green?  What might have been added or could be added to make them look greener? 
A: Fertilizer - the 3 main ingredients are nitrogen (N), phosphorus (P), and potassium (K)  

Q: Are there many weeds or insects in landscaped areas?  What might have been added to reduce unwanted plants and insects?  
A: Pesticides like herbicides and insecticides
Q: Are there any motor vehicles like cars nearby?  What impact could they have? 
A: Leaking motor oil, exhaust, copper from brake wear, zinc from tire wear 

Q: Is anything added to roads and sidewalks to keep people from slipping in the winter? 
A: Road salt (also called deicer)  

Q: Does anything come from the trees and land on our school ground? 
A: Flowers and pollen in the Spring and deciduous leaves in the Fall  

Q: Is there bare ground in the schoolyard?  Could the bare ground be eroded?  How would that work? 
A: Exposed soil could be eroded by moving water, foot traffic, and/or construction.  

Q: How does our school get clean water?  If this water leaked how might it affect the environment?  
A: The school may obtain drinking water from a well or from pipes – treated drinking water carries fluoride to strengthen teeth and chloride to eliminate pathogens 

Q: After water is used by the school in the cafeteria, bathrooms, and other places – where does it go?  If this water leaked how might it affect the environment? 
A: Wastewater may go to a septic system or sewer lines – wastewater may contain human waste, bacteria like E. Coli, nitrate, caffeine, pharmaceuticals, and hormones 

Q: What substances might animals like pets and wildlife introduce to the environment? 
A: Animal urine and feces  

Q: Do concrete surfaces like sidewalks have any pock marks in them? 
A: Acidic substances like rain can dissolve the calcium chloride  

Q: Are there any coal-fired power plants nearby – what substances might they introduce?  A: Hydrocarbons and mercury are introduced into the atmosphere and delivered to the ground with precipitation.  Mercury can bioaccumulate in fish and pose a health risk to those who eat local fish.
Exploring your Local Water Cycle 

Ask your administration if the school do anything special to manage stormwater. Do they have a detention basin or a rain garden that your class could visit?

     Find out if your school’s drinking water comes from a well or if it comes from municipal water lines.  If it comes from a well – ask your administrators if they can give you any information on how deep the well is or how the groundwater is treated before reaching the drinking fountains. 

     Municipal drinking water is commonly treated with chloride as a disinfectant and fluoride to strengthen teeth.  If the drinking water comes from a municipal water source examine the schoolyard and see if you can find the manhole cover that marks where the drinking water lines are located.  Find out where the water treatment plant is and investigate if there are local reservoirs that supply the water treatment plant. 

     Find out where your school’s wastewater goes when it leaves the school – does it go to a septic system or does it travel through sewer lines to a waste water treatment plant.  If it goes to a septic system can you find it on your school grounds?  How often is it pumped out and where does the waste go? Is it a denitrifying septic system?  If it’s not, it is likely leaching nitrate to the groundwater.  

     If the wastewater goes through sewer lines can you find the manhole cover marking the sewer lines on your campus?  What wastewater treatment plant does the water go to? Where does the water go after it leaves the wastewater treatment plant?
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As an extension activity, you may want to take your students on fieldtrip to the local drinking water treatment plant and/or wastewater treatment plant.  You could also give students and extra credit assignment to create a map of where their water comes from and where it goes.
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Exploration #2: Schoolyard substances jars
The schoolyard survey and guiding questions should have given them several ideas for possible substances that could move with water at your school.  
I. Preparation: Fill several Mason jars with water and substances that might be mixed with water in the schoolyard.  Make up the jars at least a day in advance because some of the substances like leaves may leach into the water and change its color (this change in colored is dissolved organic carbon – an analogy that students may relate to   is brewing tea or coffee which also release tasty dissolved organic carbon into water).
[image: image8.emf]









In the photo above (from left to right), we used road salt, trash, grass clippings, soil, flowers, dish soap, used motor oil, antifreeze, fertilizer, and leaves.  Take a look at your schoolyard and see if you can think of any additional substances.
II. Make a ‘Schoolyard Substances Chart’ on the board and have the groups take turns presenting substances from their lists so that you can make one big class list.  Have students write the substance name up on the board.  As a substance is named pass around the sealed Mason jar containing that substance mixed with water for the students to examine. Record any ideas that students come up with that are not represented by the Mason jars.  In the next activity, students will experiment by mixing 4 model substances with water and then trying to separate them so that they can understand how each substance, when mixed with water, would move through the schoolyard environment.
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III. Have students work in groups to complete Scale Tool and discuss.
Using Tools for Reasoning
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1. Students can use the scale tool with their brainstormed list of substances that could mix with water on the school campus. Groups of students can take the initial brainstormed list of substances and put each substance on the scale where they think it should go in response to the question, “what size are the particles that are mixed with water?” 
2. The groups can then share and discuss their classifications with the class. Prompt students to explain their reasoning for their classifications. Ask students if they agree with each group’s classifications or not and why. Allow students to disagree at this point and do not provide answers to students.
3. Students can revisit the scale tool as they conduct investigations with different substances in different contexts (e.g., evaporation with solar stills, plant uptake with celery, surface water runoff with watershed models, and groundwater infiltration with soil columns). Students can also revisit and revise their initial scale tools by looking up size/scale information about the different substances that were on their list if not all of the substances on the list are addressed in the experiments.

Level 1 to Level 2: Students reasoning at Level 1 are only aware of objects and matter at the macroscopic scale. They also are working on understanding that water is a mixture of substances. Focus mainly on identifying what is in the water and do not worry about the relative size aspect. 

Level 2 to Level 3: Students reasoning at level two tend to be familiar with macroscopic to large-scale objects and matter. Students do understand that there can be “stuff” mixed with water, but usually only focus on substances that are visible.  Use the scale tool with various objects that the students will have heard about to begin to familiarize them with the idea that there are things that are smaller than what we can see with our eyes, and that there are things that are larger than what we can see all at once. Some ideas for objects that could be categorized include a bacterium (students may be more familiar with “germs”), a water molecule, a drop of water, a grain of sand, a grain of salt, a particle of clay, a pond, a large lake near where the students live, and an ocean. Mix a few grains of salt and the water, a pinch of soil and water, and a few grains of sand and the water and compare what happens with the mixtures.

Level 3 to Level 4: Students reasoning at Level 3 are familiar with all of the scale terms from atomic-molecular through large scale. However, they generally describe phenomena at macroscopic scale and may not understand the difference between microscopic and atomic-molecular scales. Further, these students understand atomic-molecular to just mean something that is really, really small. They do not consider how physical properties work at the atomic molecular scale (e.g., what dissolving means at atomic-molecular scale.) With students reasoning at Level 3, consider going beyond mere classification to explore what the differences between a solution and a suspension (and possibly a colloid) are in a deeper way. Use the online dissolving/solution simulation links toward the end of the teaching experiment to help students understand what is happening to materials in solution at the atomic-molecular scale compared with what is happening to substances that form a suspension with water. Students can then consider and learn about implications for how substances move or don’t move with water (e.g., atomic-molecular level explanation of why substances in solution do no evaporate with water).
***************************************************************************************************
Discussion Questions

· What natural substances could be moving with water through the schoolyard?

· What human-modified substances could be mixing with water in the schoolyard?

· How does our school manage water (drinking water, waste water, stormwater)?

· Does salty water make salty rain?

· Do different substances travel differently? How?  Why?

Exploration #3: Hands on explorations of water pathways

Students should think about how substances get in the water, where they go, how they move with the water, and where substances end up.  In order to understand how substances move through the environment and affect aquatic life, students will observe macroscopic characteristics and complete multiple experiments to that trace how substances move with water through the environment and how they can affect aquatic life.  Students will measure conductivity and/or conduct visual assessments before and after each method in order to determine how each substance moves with water through the environment.

I. Start by asking students about how water can move through schoolyard. 
Students should list:

1. Evaporation

2. Into plants through uptake and out of plants through transpiration

3. Surface water flow

4. Infiltration and groundwater flow

II. Ask students to come up with ways to test if a substance would follow water through each pathway.  As students come up with ideas, you can reveal the methods they will be using.
Methods include:

1. Evaporation using a solar still or Bunsen Burner
2. Plant uptake using celery 

3. Surface water runoff using a watershed model
4. Groundwater infiltration using a soil column
Model substances are sediment, oil, fertilizer, and road salt. The sediment should be schoolyard soil or sand – do not use potting soil is it may contain added fertilizer.  We recommend using cooking oil to simulate how petroleum-based oil would move through the environment.  We discourage using motor oil because there are hazardous substances in motor oil that necessitate special handling in science classrooms.  We recommend keeping model substances in gallon ziplock bags with scoops for ease of implementation.
III. Have students setup their #3.1 Evaporation and #3.2 Plant Uptake experiments.  It is ideal to do these activities on a Friday so that the experiments have 3 days to react before students examine them again on a Monday.
IV. Have students finish their #3.1 Evaporation and #3.2 Plant Uptake experiments.
V. Have students work in groups to complete Tracing Mixtures with Water Tool to think about evaporation/plant uptake and then the Scale Tool to think about plant uptake. Discuss.
VI. Have students take the Construction Site Formative Assessment and then do #3.3 Surface Water Runoff with a watershed model.
VII. Have students work in groups to complete the Tracing Mixtures with Water Tool to think about Surface Water Runoff and then discuss. 
VIII. Have students take the Fertilizer Formative Assessment and then do #3.4 Groundwater Infiltration with a soil column.

IX. Have students work in groups to complete the Scale Tool and the Tracing Mixtures with Water Tool to think about Groundwater Infiltration and then discuss.

Instructions for Making A Simple Portable Conductivity meter

Make a qualitative conductivity meter with a battery, bulb and foil.

Assembly:

1. Cut off individual lights and use wire strippers or scissors to expose the interior wire. Wires should trail at least 2 inches (5 cm) from base of bulb.

2. Wrap tape around the top edge of the 9-volt battery.  This will help reduce the chance of short-circuiting the battery by insulating the metal outer battery casing.  

3. Make a small wad of foil around one of the exposed wires from the light bulb.

4. Place the wad and wire into the positive terminal of the 9-volt battery.

5. Secure and cover over the wad and wire with. 
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6. Roll aluminum foil into two tubes. These will be your leads to test the conductivity of a solution. Stainless steel wire can be use instead of Aluminum foil to prevent corrosion and reactions with tested solutions.

7. Place one of the aluminum leads into the negative battery terminal and place tape over it.

8. Wrap the other aluminum lead around the exposed wire from the bulb.

9. Tape the whole thing down to the popsicle/craft stick as shown.

A. Secure the battery to the stick.

B. Tape the aluminum leads so that they will not detach from the battery or the end of the light bulb.

C. Allow the leads to dangle from the stick.

D. Leave some stick exposed at both end of the device. This will enable the device to “sit” on top of the solution containers (see intro picture above).

10. Test your device to ensure that it works properly. Do this by touching the aluminum leads together. The bulb should light. Separate the leads….your device is ready!

Note: Don’t let the bulb burn too long with direct current from the 9-volt battery. It will burn out the bulb.

[image: image11.emf]








6	 7	

9	

8	


Important note:
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Gas may appear at leads as well as decomposition of aluminum. This signifies a chemical reaction at the leads. To test if a solution conducts electrical currents.

1. Fill a cup with solution.

2. Rest the device on the rim of the container. 
3. Make sure the aluminum leads are in contact with the solution.

4. If the light, lights a lot, the solution is very conductive. If it glows little to none, your solutions is not so conductive.

Exploration #3.1: Evaporation with a Solar Still
Water evaporates when individual H2O molecules have sufficient kinetic energy to overcome liquid-phase intermolecular forces and change into a gas.  Evaporation proceeds more quickly at higher temperatures, because the kinetic energy of a molecule is proportional to its temperature.  Evaporation proceeds more quickly on a windy day than on a still day because there is a higher rate of flow between the liquid phase surface and the gaseous phase surface (for example, clothes hanging outside dry faster of a windy day).  The sun (solar energy) drives evaporation of water from oceans, lakes, moisture in the soil, and other sources of water. 
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Substances do not evaporate with water.  Individual molecules of a substance that are mixed with water can also evaporate but they do not do so because the water is evaporating, the do so because their molecules also have sufficient kinetic energy to overcome liquid-phase intermolecular forces.  (Here is a free online simulation: http://www.khayma.com/muhannad/FlashTutorials/IMForces.swf)  We have 2 options for exploring evaporation.
Option A – Solar Still
Scout out a safe sunny location where the stills can sit for at least a day preferably over a weekend.  Practice making a solar still in advance so that you are confident your design will work.  First, make sure that the outer bowl is taller than the inner cup.  Second, make sure that the water level is not too high or else your cup will float – adjust the amount of water that you tell your students to used based on what you find.  It is also important that you avoid contaminating the inside of the cup with any of your mixture or the experiment will not work.
Here are several videos that may be of interest:

· PBS Zoom demonstrates the solar still your students will build: http://www.teachersdomain.org/resource/ess05.sci.ess.watcyc.solarstill1/
· PeaceCorps solar still designed by 11th graders in South Africa: http://www.khayma.com/muhannad/FlashTutorials/IMForces.swf 

· Mythbusters make a solar still by digging a hole in the sand: http://dsc.discovery.com/videos/mythbusters-jamies-solar-still.html
· Bear Grylls uses his own urine to make a solar still:                   http://dsc.discovery.com/videos/man-vs-wild-pee-and-plastic.html
Option B – Bunsen Burner

Depending upon the maturity level of your students this may work better as a demonstration in front of the class or you can have each group work with a different treatment.
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**Always wear goggles – hot mixtures can splatter**

Label beakers: 1. Sediment, 2. Oil, 3. Fertilizer, 4. Salt, and 5 Control.  Record the mass of five 250 ml beakers to the nearest 0.1 grams.  Add 3 grams of each substance to the appropriate beaker (add nothing to the control).  Add 30 ml of water to each beaker and stir thoroughly.  Place a mixture filled beaker on wire gauze mounted on an iron ring over a Bunsen burner.  Gently heat mixture water.  Steam should escape from the beaker but the mixture should not spit or spatter.  As the water evaporates and the substance dries out, it is especially important to heat gently. Let the beaker cool completely.  Weigh the beaker with the dried substance and compare to their original masses.  You may not have 100% recover if there was moisture if your substance (especially the soil) or if there was spillage.
Using Tools for Reasoning

As each group tests what happens to the substance that they are examining in the solar still or Bunsen Burner Activity, have them complete a Tracing Mixtures with Water Tool. Then, after each group has completed their evaporation activity and their tool, bring all of the groups together and have them share their findings by using the Tool to explain to the rest of the class what happened to their substance in the solar still. Project completed Tools so that the whole class can see and support students in explaining their reasoning about the substances. Have students compare the completed Tools and then develop a class explanation for what happens to substances in solution and suspension when water moves from the surface system to the atmospheric system.

Level 1 to Level 2: Emphasize the “Tracing Back” column. Have students focus on the mixing aspect of the process so that they begin to see substances in water as mixtures rather than as types of water. You may also combine this tool with a water Pathways Tool to trace the water from the large container to the cup.

Level 2 to Level 3: Use the Pathways tool to trace the water from liquid to gas (evaporation) and back to liquid form (condensation). Also use the Tracing Mixtures tool to focus on what happens to the substances when the water moves.

Level 3 to Level 4: Focus on the solution/suspensions aspect of the Tracing Mixtures Tool. Support student in drawing pictures at the microscopic and atomic-molecular scale of what happens to the substances when they are mixed with the water. Also have students fill in column 3 as a prediction before setting up the solar still and then complete it again after they have observed the solar still. Allow students to compare their predictions to their findings and then use evidence from their observations to support their claims about what happened and why.
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Tracing Mixtures with Water Tool

Substances mix and unmix with water and water moves through systems.

Tracing Back

The Mixture

How does this work?

Tracing Forward

Where did the substance come from?

Road salt spread on sidewalks to melt
ice

What's mixed in the water?
(Teacher provides)

Salt (NaCl)

Where did the water come from?

Melting snow and ice

Where is the mixture now?
(Teacher provides)

In a puddle on the parking lot.

How did the substance get into the
water?

The salt put on the ice dissolved and
formed a solution when the ice

melted into liquid water.

What kind of mixture is it?
Suspension of Solution

How do you know?

The solution of dissolved salt in water
is clear, transparent and
homogenous. We also tested it for
Tyndall’s effect and didn’t see line.

If the water moves (new place) the

will the substance stay mixed with
the water? Yesar No )

If no, how and why will it separate?

Salt is in solution. It will not
evaporate with the water. When the
water evaporates, the sodium and
chloride ions will recombine to form
salt. The salt will precipitate out of
solution as the water molecules leave
the liquid and move into the
atmosphere as water vapor.

Where will the substance end up
next?

The salt stays on the ground or in the
left over water. This salt could pollute

RS A

toxic to living organisms.










 

Example Tracing Mixtures With Water Tool 

 


***************************************************************************************************
Extension Activity: Volatility of non-water substances 

Some substances will vaporize separately from water and then recombine either in the atmosphere or just return to the ground on their own.  If you want to show this you can make a solar still with orange juice in it – the water in the cup should taste/smell like citrus though the color will most likely not transfer. 

****************************************************************************************************
Discussion Question:

· Based on this experiment predict do substances in water evaporate with the water?

· Could polluted water make polluted rain?Does salty water make salty rain?

Exploration #3.2: Plant Uptake using Celery

Plants absorb water, nutrients, and other substances in solution but not substances that are in suspension.  However, changes in abiotic factors like pH, temperature, and redox conditions can transform substances from insoluble states to soluble states.
[image: image45.png]—
% Find: (Q solution

©11) Thull:32AM Q

Salts & Solubility (1.06)

A

ile

Options

Help

Shake me!

8.0x10723L
7.0x10" 3L
6.0x10723L
5.0x10 3L
4.0x10753L
3.0x10723L
2.0x10733L

1.0x10 3L

@Sodium @ Chioride

Dissolved
Bound
Total
Volume: 5.00E-23

liters (1)

. [+]

‘Signin / Register




[image: image14.emf]Targeted
Understanding










Targeted	

Understanding	


Using Tools for Reasoning

Use the Scale Tool to support students at Levels 2 & 3 in understanding why substances in solution move into the celery while substances in suspension do not. 

Level 2 to Level 3: Students should work on developing an awareness of microscopic and atomic-molecular scale. 

Level 3 to Level 4: Students should work on understanding the atomic-molecular characteristics of substances in solution.

Use the Tracing Mixtures Tool to support students in reasoning about where substances mixed with water move when the water moves into the celery. Have groups start with the middle column “The Mixture.” Assign some groups to start tracing the mixture in the beaker (before entering the celery) and assign other groups to start tracing the mixture in the celery. This will allow the group to consider what happens to the mixture as water moves into the celery and also out of the celery. Support students in seeing patterns such as 1) substances in suspension do not move into the plants with water and 2) substances in solution will move into the plant but will not move out of the plant with the water.

Level 1 to Level 2: Emphasize the “Tracing Back” column. Have students focus on the mixing aspect of the process so that they begin to see substances in water as mixtures rather than as types of water. You may also combine this tool with a water Pathways Tool to trace the water from the large container to the cup.

Level 2 to Level 3: Use the Tracing Mixtures tool to support students in seeing patterns such as 1) substances in suspension do not move into the plants with water and 2) substances in solution will move into the plant but will not move out of the plant with the water.

Level 3 to Level 4: Focus on the solution/suspensions aspect of the Tracing Mixtures Tool. Support student in drawing pictures at the microscopic and atomic-molecular scale of what happens to the substances when they are mixed with the water. Use the Tracing Mixtures Tool in conjunction with the Scale Tool to focus on the reasons why substances in solution can move into the plant while substances in suspension do not (size differences in substances in water) and why substances in solution do not transpirate with water (water changes phase and separates from substances in solution).
Construction Site Formative Assessment
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A school is doing a construction project and had to dig up some of the ground around the school. The project left a lot of dirt exposed on the surface of the ground. One problem is that when it rains, the rain could wash away a lot of the dirt exposed by the construction project. In a rain storm, where might the dirt go?

For each choice below, decide if the dirt would go there, circle YES or NO, and then explain your answer.

	Could the dirt get here?
	YES or NO (Circle one)
	Explain your answer

	A. Groundwater
	YES or NO
	

	B. A nearby creek that runs by downhill from the school
	YES or NO
	

	C. Inside trees and plants in the undisturbed areas around the school
	YES or NO
	


Purpose

This formative assessment probes students’ understanding of substances in suspension. Substances in suspension in water move with water to different places, and unmix from water in different ways from substances in solution. Students do not often make distinctions between substances in suspension and solution when thinking about where substances in water might go or how they mix or separate from water. This formative assessment is designed to help you assess student understanding of how substances in suspension move and separate from water. This understanding will help you provide more focused guidance to help students reason about substances in water, especially when considering substances mixing, moving, and separating from water on the school campus.

Target Understanding (upper anchor)

Suspensions are heterogeneous mixtures. Suspensions are distinguished from solutions based on two important characteristics. First, substances in suspension are generally of a larger particle size than substances in solution. Second, substances in suspension do not break apart into smaller components. For example, sediment mixed with water remains sediment. In a solution, however, the substances break apart, such as when salt mixed with water breaks apart into sodium ions and chloride ions. As a result of these features, substances in suspension behave differently than substances in solution. Substances in suspension can be filtered out of water with common filters, whereas substances in solution can only be filtered out at the atomic scale, such as through reverse osmosis
. Substances in suspension will generally settle out of suspension due to gravity, whereas substances in solution will not settle out. Similarly, substances in suspension are usually visible in the water, making the water appear cloudy or opaque. Substances in solution will not be visible. 

When considering where substances move with water, substances in suspension will not move into the groundwater because they are generally filtered out by the small pores in the soil. Similarly, substances in suspension will not move into plant roots. Substances in suspension will move with surface water into streams, rivers, and lakes. However, depending on the particle size and the velocity of the water, substances in suspension may settle out of slow moving water or still water. Substances in suspension will not evaporate with water into the atmosphere.

Suggestions for Administration

This assessment is designed so that you can give the prompt to students the day before or immediately after you plan to have students go outside to look for schoolyard substances. You can provide a copy of the prompt for each student to write on and turn in to you at the end of the class period, or you can project the prompt and have students write their answers in their science notebooks. 

Connecting Student Responses to the Learning Progression Framework

	
	Level 1
	Level 2
	Level 3
	Level 4

	A.

Groundwater


	No – 

No – The dirt cannot get underground.

Yes – Dirty water is underground.


	Yes - The dirt will go into the groundwater because the water goes into the groundwater.

Yes – The dirt could fall into the groundwater.

Yes – The ground absorbs the dirt.

Yes – The dirt dissolves into the ground.

No – The ground cleans the water.
	No – Dirt will not go with the water into the ground.


	No –The pores in the soil/ground are too small for the dirt to move through and the dirt will be filtered out.

	B.

A nearby creek that runs by downhill from the school


	No - 

Yes – The creek is dirty

No – The dirt doesn’t move.
	Yes – If the water from the school is connected to the creek.

Yes - The wind blows the dirt into the creek.

No – The creek is not connected to the dirt at the school.

No - The dirt is not near the creek.
	Yes – The dirt goes with the water to the creek.
	Yes – The tiny dirt particles are in suspension and will be carried with the water as it runsoff down to the stream because of gravity.

	C.

Inside trees and plants in undisturbed areas around the school
	No – 

No – The dirt doesn’t move.

No – Plants don’t drink dirt.
	No – The dirt cannot go into the plants.

Yes – If the plants drink the dirty water.


	No – Dirt does not move with water into trees and plants.
	No – The openings in the plant roots are too small for the dirt particles to move through and the dirt will be filtered out.


Level 1: Force Dynamic Accounts

Level 1 responses provide descriptions of different types of water. For example, water with dirt in it would be “dirty water.” These responses indicate that students do not think of water as a mixture. Furthermore, these students do not trace substances in water from one place to another. It would not make sense to these students to think about water moving dirt into groundwater, nearby creeks, or into plants. Furthermore, places like groundwater or the inside of plants would be invisible or hidden to these students and likely they would not think that either water or dirt would go there.

Implications – Students at Level 1 will find it difficult to think about substances mixing with water or trace where substances on the school grounds could go. The students might find it surprising that water coming out the bottom of the soil column is cleaner than the water going in. Likely, they will think the soil column should make the water coming out look dirty.

Suggestions – The Substances in Water Teaching Experiment will be helpful to Level 1 students because it provides students with opportunities to look for evidence that water moves dirt, leaves, or other materials. When you are outside, have students look for evidence that water moves dirt, leaves, or other materials. For example, students might find places where dirt was washed onto a sidewalk. Have students figure out the source of the dirt on the sidewalk. You can also pout water onto some unvegetated soil and have students draw picture or write about how the water mixes and moves with the water. 

Level 2: Force Dynamic Reasoning with Mechanisms

Level 2 students recognize that there can be visible materials that mix with water, such as dirt, leaves, or trash. They also provide answers that include mechanisms for mixing, those materials with water or separating those materials from water. 

Usually, Level 2 answers are force-dynamic responses that include inanimate actors that do something to either the water or the dirt in the water. For example, they may note that the ground absorbs water or dirt, that the plants might drink dirty water, or that the ground cleans the water. Furthermore, Level 2 responses usually only describe phenomena students can see or observe. Thus, students may describe water mixing with dirt to make mud, or water soaking into the ground. Sometimes, Level 2 students may provide answers that transpose phenomena they have observed to underground. For example, level 2 students may describe groundwater as underground rivers because they know that water above ground exists in rivers. Since they may observe water moving dirt in rivers, they may also describe dirt mixing or moving with water in underground rivers. 

Implications – Students at Level 2 may have difficulty thinking about what happens to substances that are suspended in water as water moves across systems. They may have difficulty tracing water and substances in water to distance places. When participating in the Substances in Water TE activities, level 2 students are thinking about causes and effects. For example, they may think that in the soil column, pouring water through the ground cleans the water or that in the solar still activity, the sun or clouds clean the water. 

Suggestions – Provide students at Level 2 with many experiences watching what happens when water mixed with dirt moves through different media. The Substances in Water Teaching Experiment will be helpful in providing students at Level 2 with experiences observing what happens to the dirt when water mixed with dirt is poured through a soil column. You could begin this activity by having students first pour water thought a coffee filter to see how the filter prevents the dirt from moving through. Then have students observe what happens when water mixed with dirt is poured through the soil column to help students see how the soil actually serves as a filter in the same way that the coffee filter works. In the water chute activity, students can make careful observations of the dirt in the water moving down the chute. You may also have students observe dirt settle out of water in a beaker of water left undisturbed for several days. The celery activities and solar still activities will also provide students with additional experiences watching substances move or not move with water.

Level 3: School Science Stories

At Level 3, student responses provide school science stories about what happens to the dirt in the water. Students rely on authoritative stories to explain what happens. They may provide school science stories that explain that dirt in water is filtered out of the groundwater and does not flow into plants. They may not be able to provide mechanisms to explain these phenomena, however. Their answers are generally written at the macroscopic scale and do not describe factors, such as pore size, that limit dirt moving through the soil. Furthermore, they do not identify substances as in suspension or make distinctions between substances in suspension or solution.

Implications – Students at Level 3 will be able to account for both the water and the dirt or other visible substance in water as water moves through various systems. They will be able to tell stories that show that they know, for example, that dirt mixed with water does not move into plants with the water or through the ground with the water. They do not yet, however, explain the constraining factors that explain why dirt mixed with water is filtered out of the water in a soil column or settles out of water in still water. 

Suggestions – Provide students with opportunities to closely examine the top of the soil column before and after pouring water through the column. Can they see the pore spaces? After pouring water mixed with dirt through the column, can they see the dirt clogging up the pore spaces? You could provide students with opportunities to pour water through different size materials in the soil column, such as gravel with larger pore spaces or very fine sand with smaller pore spaces to see the influence of pour size on how much dirt is filtered out. Support students in making the connection to the reason why dirt is not absorbed by plants (the openings in the roots are too small). You could also have students more closely observe the velocity of water in the water chute. Are there places where the velocity is faster or slower? What happens to dirt mixed with water in the slower spaces? Point out that larger grain sizes will settle out first and smaller grain sizes will be carried further.

For Level 3 students, it would be appropriate to begin making the distinction between suspensions and solutions at the atomic-molecular scale. Using drawings to help students draw representations of substances in suspension vs. substances in solution. Emphasize the size difference and help students recognize that dirt particles (suspensions) are much larger than ions of materials in solution. If your students have experience with Powers of Ten charts, they might plot the size of substances in suspension and compare them to the size of ions of substances in solution (e.g., sodium chloride).

Level 4 Model-based Accounts

At Level 4, students provide responses that describe what is happening at a microscopic scale. They also explain factors that constrain whether or not substances in suspension will move with or separate from water or not.

Implications – Students at Level 4 will be able to explain what happens to materials in suspension in all of the Substances in Water TE activities at a microscopic scale. They will also be able to account for constraining factors such as water velocity and pore size that determine if substances in suspension will separate from water. These students could probably benefit from additional experiences distinguishing between suspensions and solutions at the atomic molecular scale.

Exploration #3.3: Surface Water Runoff with a Watershed Model

Surface runoff is the pathway that students are most familiar with.  Surface runoff occurs when the soil is infiltrated to full capacity and excess water from precipitation or other sources flows over the land. This is the primary agent in water erosion.  When runoff flows along the ground, it can pick up substances like oil, pesticides, or fertilizers.  Substances can move with surface runoff if there are in solution or in suspension.  Smaller particle sizes move more easily.  Substances mixed with surface water will move faster down steeper slopes.
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Urbanization increases surface runoff, by creating because roads, roofs, sidewalks, and parking lots can block water from infiltrating down into soil.  These areas are called impervious surfaces. More runoff is likely to occur on a smoother impervious surface than on a rougher surface like a grassy playing field or forest.  Substances mixed with water flowing on impervious surfaces may be forced directly through stormwater runoff drains into streams where erosion and siltation can be major problems. Increased impervious surfaces often leads to increased runoff and reduces groundwater infiltration, thus lowering the water table and making droughts worse, especially for farmers and others who depend on the water wells.  Substances dissolved or suspended in runoff, can impact various receiving waters such as streams, rivers, lakes, estuaries and oceans.

We have 2 options for exploring evaporation.
Option A – Purchase a Watershed Model or Enviroscape (Left to Right below)
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Though more expensive, this option is easy, saves time and the purchased model is less likely to be damaged by the activity.  These models come with additional activities.

Option B: Directions for Making Watershed Models

 Make at least a week before exploring surface runoff so that the model has time to dry.
1. A couple days before working with students, fill a gallon bag with shredded office paper.  Pour approximately 8 cups of water into the bag and allow the paper to soak in the water for several hours.  The paper should be saturated with water.  Each bag can be used for 1 model.
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2. Drain the excess water out of the bag and squeeze the paper, releasing even more extra water.  The paper should be soggy, but not dripping.
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3. Add approximately 2 cups of white glue, adding more if needed.  Have students mix the glue and paper mixture until it forms into a clay.  The mixture should not be dripping, nor should it be flaky.  If the mixture is dripping, drain some of the excess water and add some more glue.

4. Lay cardboard on the base of the aluminum roasting pan.  Glue the cut-out template of the watershed onto the cardboard.  Have students construct their watershed model on their cardboard using a copy of the Watershed Model Template as a guide.  Build the base of the model first, then add height to the model using another copy of the template to see specific elevation.  
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5.  Allow models to dry in an open space (outside or in the classroom).  Moisture may cause mold to develop at the base if the model is stored in a damp or dark place.
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     6.  Once dry apply a waterproof sealant like shellac to help preserve the model.

Using Tools for Reasoning

Use the Tracing Mixtures Tool to trace the substances through the surface system. Assign each group to complete the Tracing Mixtures Tool as they make their observations. Have groups compare their completed tools and explain what happens to the substances that they tested on the watershed model or Enviroscape.

Level 1 to Level 2: Emphasize the “Tracing Back” column. Have students focus on the mixing aspect of the process so that they begin to see substances in water as mixtures rather than as types of water. You may also combine this tool with a water Pathways Tool to trace the water from the large container to the cup.

Level 2 to Level 3: Mark various places in the watershed. Ask students if substances mix with water in one part of the watershed, will move to a different marked place in the watershed. Have students use the Tracing Mixtures Tool to help them reason about where the mixtures will move. Support students in recognizing the ways that gravity, topography and water velocity constrain where substances in water move with water.

Level 3 to Level 4: Focus on the solution/suspensions aspect of the Tracing Mixtures Tool. Support students in using the tool to reason about when substances in suspension will be mixed and unmixed from water. For example, will substances mix/unmix from water in a lake? In a fast river? In a slow river? Have students use their Tracing Mixtures Tools to make predictions and then use the watershed model or Enviroscape to test their ideas.

Fertilizer Formative Assessment

	Here is a map of a school campus.
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	The person who takes care of the school grounds spread fertilizer on the playing field grass one Friday morning. That Friday afternoon it rained and some of the fertilizer on the grass mixed with water and lay in puddles on the playing field.  

Where do you think the fertilizer could end up?
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1. Do you think the fertilizer mixed with water on the playing field could get into the atmosphere and come back down as rain with fertilizer mixed into it?   YES     NO

If you think yes, explain how. If you think no, explain why not.

2. Do you think the fertilizer mixed with water on the field could get into School Creek?  YES     NO

If you think yes, explain how. If you think no, explain why not.

3. Do you think the fertilizer mixed with water on the field could get into the groundwater? YES     NO

If you think yes, explain how. If you think no, explain why not.

4. Do you think the fertilizer mixed with water could get inside of grass on the playing field? YES     NO

If you think yes, explain how. If you think no, explain why not.

Purpose
This formative assessment is designed to help you examine your students’ understanding of what type of mixture is formed when fertilizer is mixed with water, and of where fertilizer mixed with water can and cannot move though connected environmental systems.  When fertilizer is mixed with water, it forms a solution. Substances in solution can move with water across surface water systems, into and through groundwater systems, and into plants through absorption with water through roots. However, substances in solution do not evaporate or transpire with water when water changes phase from a liquid to a gas and moves into the atmosphere. Many students are not aware of the different types of mixtures that substances can form with water (in our learning progression we focus on suspensions and solutions, but additional types include emulsions and colloids). Further, they are often not aware of which types of substances mixed with water can move through and between different environmental systems with moving water. This understanding is fundamental for citizens who need to consider and make decisions about water quality issues in their communities.

Suggestions for Administration

This assessment is designed so that you can give the probe to students either before you begin the Substances in Water Teaching Experiment, or before you engage in Activity Two, which involves a group discussion of schoolyard substances. Implement this assessment before Activity Two to ensure that you are accessing individual students’ ideas, rather than ideas that students heard from their other classmates in the group discussion. You can provide a copy of the assessment for each student to write on and turn in to you, or you can project the formative assessment probe with an LCD projector, overhead projector, or Smartboard and have students write their responses in their science notebooks or on a sheet of paper to turn in.

Connecting Student Responses to the Learning Progression Framework

Note that it’s very likely that your students will provide responses for different questions at a few different learning progression levels. In our research, we have found that students tend to have better understanding of visible and familiar systems and processes (e.g., runoff) compared with hidden (e.g., groundwater location and flow) or invisible (e.g., evaporation and condensation of water vapor in the atmosphere) systems and processes. 

Target Understanding (Upper Anchor)

A solution is a homogenous mixture composed of two or more substances. In solutions, a solute is dissolved in another substance, the solvent. In the case of this formative assessment, water is the solvent that dissolves fertilizer, the solute. Homogenous means that the components of the mixture are uniform throughout the solution, and that the solute will not settle out of the solvent. When substances dissolve, they break down at an atomic-molecular level. For example, when salts dissolve in water, they form negative and positive ions that are attracted to the positive and negative ends of the water molecule. Dissolved solutes cannot be filtered out from the solvent except under special conditions. For example, in the case of reverse osmosis, pressure is applied to a solution when it is on one side of a selective membrane. The solvent (e.g., water molecules) can move through the selective membrane, but the solute (e.g., sodium and chloride ions in the case of table salt) cannot. In reverse osmosis, the substances in solution would not separate from each other without the added application of pressure. 

In this formative assessment, students who provide level 4 answers understand that fertilizer (which is composed of macronutrients in compounds that include important elements such as Nitrogen, Phosphorus, and Potassium) dissolves and forms a solution with water. It is important that the ingredients in fertilizer can form a solution with water because our purpose in applying fertilizer is that it will be absorbed through the roots of plants. The nutrients in the fertilizer can then be incorporated into plant tissues during biosynthesis processes in plants.

While level 4 responses may not explicitly use the word solution, students who provide level 4 answers to the questions will understand where fertilizer mixed with water will and will not move to, and why. An example level 4 response for question 1 might look like the following:

1. No. Fertilizer mixed with water cannot move into the atmosphere because substances mixed with water do not evaporate with water. The substances in fertilizer are not volatile at every day temperatures and pressures, so they will not vaporize. Even if some of the stuff in the fertilizer could vaporize, it wouldn’t vaporize with the water, it would happen separately.

Students who provide level 4 responses understand that substances mixed with water do not evaporate with water. They also provide reasonable explanations for “why” substances do not evaporate with water. Students do not necessarily need to provide atomic-molecular scale responses (e.g., describing how ions interact with water in solutions), but they should provide some description of constraining factors (e.g., differences in how volatile different substances are) as support for their claim.

An example level 4 response for question 2 might look like:

2. Yes. Fertilizer mixed with water can get into School Creek. If it rains again and the ground is really wet and saturated, some of the fertilizer mixed with water could run off downhill toward School Creek with the rain water, running over the surface of the grass toward the creek. Also, fertilizer could also move with water through the soil and groundwater toward School Creek, so some fertilizer mixed with water could get into the creek by moving through the ground.

This response provides two possible pathways (runoff and groundwater) for fertilizer mixed with water getting into School Creek. The response also implicitly refers to the driving factor of gravity (i.e., when describing water running off downhill) and describes constraining factors for how water and substances can move (e.g., that water can move over permeable surfaces rather than infiltrating into them if the ground is saturated).   

An example level 4 response for question 3 might look like:

3. Yes. When the fertilizer gets wet, it doesn’t stay in grains, it dissolves into the water. Dissolved substances can infiltrate into the groundwater and move through with the water. Water infiltrates into the ground because of gravity. 

This response provides level 4 reasoning in several ways. First it describes how the fertilizer form changes from macroscopic grains into something that is “dissolved” when it mixes with water. The response also suggests that substances that are dissolved can infiltrate and move with groundwater. It is reasonable to infer from this response that the student understands that macroscopic substances, such as the dry grains of fertilizer, cannot move into and through groundwater. The response also provides a driving force of gravity for why water moves into the ground. Another response characteristic that you might see in a level 4 response would be a description of how the soil under the grass is permeable, allowing water and dissolved substances to infiltrate into the ground, moving between particles of soil and sand. Level 4 responses might also make appropriate references to the water table, distinguishing between saturated and unsaturated zones below the surface.

Connecting Student Responses to the Learning Progression Framework

	Path
	Level 1
	Level 2
	Level 3
	Level 4

	Rain
	No. Rain comes from the sky, not from the ground. There’s no way water and fertilizer on the ground could turn into rain.


	Yes. Fertilizer mixed in water evaporates and turns into fertilizer mixed with rain.


	No. Fertilizer doesn’t evaporate with water.


	No. Fertilizer mixed with water cannot move into the atmosphere because substances mixed with water do not evaporate with water. The substances in fertilizer are not volatile at every day temperatures and pressures, so they will not vaporize. Even if some of the stuff in the fertilizer could vaporize, it wouldn’t vaporize with the water, it would happen separately.

	Creek
	No. The fertilizer and water are on the field. The creek is not connected. 


	Yes. The playing field is close to School Creek, so the fertilizer could get into the creek.


	Yes. The fertilizer could runoff into School Creek.


	Yes. Fertilizer mixed with water can get into School Creek. If it rains again and the ground is really wet and saturated, some of the fertilizer mixed with water could run off downhill toward School Creek with the rain water, running over the surface of the grass toward the creek. Also, fertilizer could also move with water through the soil and groundwater toward School Creek, so some fertilizer mixed with water could get into the creek by moving through the ground.

	Ground-water
	No. Fertilizer can’t get down there.


	Yes. The ground absorbs the fertilizer.

OR

Yes. The grass absorbs the fertilizer. [Note: Says grass, but asked about ground.]
	Yes. The fertilizer could seep into the groundwater.


	Yes. When the fertilizer gets wet, it doesn’t stay in grains, it dissolves into the water. Dissolved substances can infiltrate into the groundwater and move through with the water. Water infiltrates into the ground because of gravity. 

	Plants
	No. 

OR

No. It can’t get in. 

OR

Yes. Plants need fertilizer.
	Yes. Plants drink the water with the fertilizer in it. 
	Yes. The grass can absorb the fertilizer.
	Yes. Dissolved substances are broken down at an atomic-molecular level, so dissolved substances are small enough to be absorbed with water into plants through the plants’ roots. This is how nutrients get into plants and this is why people put fertilizer on plants.


Level 1: Force Dynamic Accounts

Description
Level 1 responses generally do not indicate understanding that water and other substances can move from one place to another in cases where the different places aren’t directly touching each other. However, level 1 responses do often indicate that water can move to “connected” places, so you might see a level 1 response for question 2 such as, “Yes. The playing field is connected to School Creek, so the fertilizer could get in.” Level 1 responses might also just indicate “no,” without providing an explanation for why not. Level 1 responses also consider water in different places or with different qualities to be different “types” of water. Thus, a level 1 response could reflect the idea that rain water is just a different kind of water than puddle water, so the puddle with fertilizer could not “turn into” rain.

Suggestions

Level 1 students tend to focus on the immediate and visible world. You can help them develop more sophisticated understandings by providing first hand experiences with phenomena that are usually invisible or hidden from view. For example, you can mix fertilizer with water in a beaker. The fertilizer may seem to disappear when mixed with water. Ask students what they think happened to the fertilizer; is it still in the cup even though we can’t see it? Ask students if they can think of a way to test whether or not the fertilizer is still present. For example, if you allow the water to evaporate from the beaker, the fertilizer will precipitate out and remain in the bottom of the cup. 

Help students observe that water can move from place to place, even places that aren’t “touching each other.” Go out to the school ground with students and look for evidence of materials that have been moved by water such as sticks or sediments near sewer drains. Ask the students how those materials got there. Then, you might go outside with students on another day during a rainstorm and observe water moving across surfaces on the school ground. Students may see evidence that other materials can move with water as well (e.g., sticks or dirt in water runoff water). 

The Substances in Water Teaching Experiment activities will be helpful for Level 1 students because they provide first hand experiences. Students engaging in the soil column activity will get a better sense of “what it looks like underground” by observing the spaces between soil particles inside the transparent soda bottle column. Tell students that the materials in the soil column represent what it looks like underground. Students will also observe first hand that dissolved substances can move with water through the soil column. You may want to put fertilizer in water through the soil column, collect water that has filtered through the soil, and evaporate water from the liquid to observe that once again, some fertilizer is left in the cup after the water has evaporated. 

Level 2: Force Dynamic Reasoning with Mechanisms

Descriptions

Level 2 responses showing growing awareness of connections among systems and movement of materials through and between systems. However, level 2 responses do not demonstrate the scientific understandings that we hope students will develop. For example, students reasoning at level two understanding that visible substances can mix with each other, but they generally do not understand that substances such as fertilizer can dissolve in water, and still be present in water even if they are “invisible.” For a level two student, dissolve might mean the same thing as disappear – something that is dissolved is just gone. Level two responses also often trace other substances into the atmosphere with evaporating water. Level 2 responses tend to rely on proximity as a determinate of where water and other substances will go (e.g., water and other substances will flow to nearby places). Level 2 responses often use force-dynamic language that invokes inanimate actors doing things; for example, a different level 2 response to question 2 might say, “Yes. The wind could blow the fertilizer into the creek.” The example response to question 3 is another example of force-dynamic language --- with the ground identified as an actor that absorbs the fertilizer.

Suggestions

Level 2 responses demonstrate understanding that systems can be connected and beginning understanding that things can exist even if we can’t see them. However, level 2 students still need a lot of support to help them in understanding how water and other substances can move from place to place, and what exactly is happening with phenomena that are hidden or invisible. Similar activities as those suggested for level 1 students will also be helpful for level 2 students. Provide students who give level 2 responses lots of first hand experiences with phenomena that are usually hidden or invisible, and focus on the how’s and why’s of what’s happening. Level 2 students can be introduced to the idea that substances can exist that are too small to see with the human eye. Use the Powers of Ten tool and associated videos in association with solar still activities or activities involving a precipitate left after evaporation to help students understand that dissolved substances are still present in water; they’re just too small to see. 

Level 3: School Science Stories

Descriptions

Level 3 responses are often reasonable responses that show relatively good understanding of water systems and processes. Many times, level 3 responses reflect stories about where water goes that students learn in science classes. While level 3 responses do show significant intellectual achievement, there are characteristics of these responses that could still be changed to demonstrate deeper understanding of why water and other substances move through connected environmental systems as they do. A common characteristic of level 3 responses is that they tell stories of where water and other substances go without describing driving forces that move water and other substances (e.g., gravity, pressure, etc.) or constraining factors that govern where water and other substances will go (e.g., solubility, saturation, heat of vaporization, etc.). Level 3 responses also tend to think of dissolving as breaking down into small bits that you cannot see, but not necessarily understanding that the breaking down is taking place at an atomic molecular scale. Level 3 students may therefore confuse things that are breaking down (i.e., forming a suspension or a colloid) at a very small macroscopic or microscopic scale with things that are dissolving at an atomic-molecular scale. 

Thus, in question 1, the level 3 response correctly identifies that fertilizer in water will not evaporate with water and return to the ground as rain mixed with fertilizer. No driving forces or constraining factors are identified, however, to explain why this is the case. 

In question 2, the example response provides the reasonable explanation that fertilizer in water could runoff into School Creek. However, the response does not describe that runoff across a permeable surface usually doesn’t happen unless the substrate underneath is saturated, or that fertilizer mixed with water in a puddle is in a local low spot, and will not be likely to runoff the ground to another place such as the creek unless another large rain event occurs. The level 3 response to question 2 also only provides one pathway for the water to reach School Creek. The student does not indicate groundwater as another possible pathway.

The example level 3 response to question 3 is similarly reasonable yet lacking in detail. The response does not identify a driving force (gravity) or potential constraining variables (e.g., permeability, saturation, etc.). The response also does not explicitly demonstrate understanding that the fertilizer is dissolved in the water, and that dissolved substances generally do move with water, while suspended substances generally do not.

The level 3 response to question 3 similarly demonstrates basic understanding that fertilizer can be absorbed into plants, but does not describe the constraining factor (i.e., scale of dissolved substances allowing for absorption of substances with water into plant cells).

Suggestions 

Level 3 responses demonstrate pretty good understanding of where water and most substances will go in connected systems. However, while level 3 students are aware of atomic-molecular scale, they may just think of things at the atomic-molecular scale as being “really small particles.” Thus, it will probably be helpful to provide experiences to students who provide level 3 responses that focus on subtle differences --- such as the fact that microscopic scale particles (e.g., bacteria, particles of silt) will form a suspension in water whereas substances that breakdown or dissolve in water at the atomic-molecular scale (e.g., salts) will form a solution with water. Explore the difference between solutions and suspensions in different ways. For example, let students experiment with a laser beam to see that particles in suspension will block light, whereas particles in solution will not. You can also use the Powers of Ten materials and online simulations and animations such as those below to help students understand that what is happening at the atomic molecular scale is not the same as what happens with really small bits of macroscopic stuff like particles of sand or dirt. Atoms and ions interact with each other in interesting ways because of inter-molecular forces. These forces do not behave in the same ways as macroscopically observable forces that we are more familiar with such as gravity acting on macroscopic objects with mass. 

PhET Salts and Solubility Simulation

http://phet.colorado.edu/en/simulation/soluble-salts
Flash Movie of Salt Dissolving in Water

http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/molvie1.swf
Through experiences in the Substances in Water Teaching Experiment, students should begin to develop a better understanding of what types of substances form what types of mixtures with water, and of how and when different substances mixed with water will move with water, or will separate from water as water moves through connected environmental systems.

Level 4: Model-Based Reasoning

See description of level 4 responses under Target Understanding above. Suggestions for instruction for students who provide level 3 responses will also be appropriate for students who provide level 4 responses to this formative assessment probe. You may find, however, that relatively few students will provide level 4 responses to this probe the first time they encounter it. 

Exploration #3.4: Groundwater Infiltration with a Soil Column

Infiltration is the process by which water on the ground surface enters the soil.  The process is driven by gravity.  Substances in solution can infiltrate into groundwater because they dissolve into ions that bind to water molecules at a molecular scale.  Substances in suspension cannot infiltrate into groundwater unless the particle sizes are less the size of the soil pores.  
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Depending on the amount of time you have you may want to construct the soil columns in advance or you may want to let your students make them.  Make sure students mix the substances with water in a beaker before adding to the soil column.  We recommend using schoolyard soil as the media in the column and sand to represent sediment.  As a student directed inquiry, you could let them choose the material they use as media (e.g., gravel, sand, clay, and/or soil from different locations) to see how the substances can infiltrate differently through different media.  For example, substances in suspension are more likely to travel through gravel than through schoolyard soil. 
You can also experiment with the oil by letting students pour oil mixed with water in a beaker through a soil column and compare it with pouring solely vegetable oil through the soil column.  They will find that in the first, the oil sits on top of the water because it’s less dense and the water is filling all of the pore spaces.  In contrast, when only oil is used it is driven down through the soil by gravity through the open pore spaces.  Thus oil travels separately from water though groundwater.
Using Tools for Reasoning
Use the Scale Tool to support students at Levels 2 & 3 in understanding why substances in solution move through the soil while substances in suspension do not.
Use the Tracing Mixtures Tool to trace the substances through the soil column. Assign each group to complete the Tracing Mixtures Tool as they make their observations. Have groups compare their completed tools and explain what happens to the substances that they tested when poured through the soil column.

Level 1 to Level 2: Emphasize the “Tracing Back” column. Have students focus on the mixing aspect of the process so that they begin to see substances in water as mixtures rather than as types of water. 

Level 2 to Level 3: Use the Tracing Mixtures tool to support students in seeing patterns such as 1) substances in suspension that are larger than the soil pore size do not move through the soil column and 2) substances in solution will move with the water through the soil column. You may use the Scale Tool to help students see that substances in suspension will be filtered out by the small size of the pore spaces between sediment grains.

Level 3 to Level 4: Focus on the solution/suspensions aspect of the Tracing Mixtures Tool. Support student in drawing pictures at the microscopic and atomic-molecular scale of what happens to the substances when they are mixed with the water. Use the Tracing Mixtures Tool in conjunction with the Scale Tool to focus on the reasons why substances in solution can move through the soil while most substances in suspension do not. If possible, have different groups of students test media of different permeabilities (grain sizes – e.g. gravel, sand, schoolyard soil, and clay) to determine the effect of permeability on how well the soil filters substances in suspension.

Name: ​_______________________________________


Lab Sheet page 1 of 2

	
	Evaporation Experiment
	Sediment
	Vegetable Oil
	Fertilizer
	Salt
	Control

	Hypothesis

	How do you think this substance can evaporate with water?
	yes           no
	yes           no
	yes           no
	yes           no
	

	Observation


	What do you observe?


	 
	 
	 
	 
	 

	Observation 
	Did this substance evaporate with water?
	yes           no
	yes           no
	yes           no
	yes           no
	

	
	 
	 
	 
	 
	 
	 

	
	Plant Uptake with Celery
	Sediment
	Vegetable Oil
	Fertilizer
	Salt
	Control

	Hypothesis

	How do you think this substance can move up into celery?
	yes           no
	yes           no
	yes           no
	yes           no
	

	Observation


	Observation

	 
	 
	 
	 
	 

	Observation 
	Did this substances move up through the celery?
	yes           no
	yes           no
	yes           no
	yes           no
	

	
	 
	 
	 
	 
	 
	 

	
	Surface Water Runoff with Watershed Model
	Sediment
	Vegetable Oil
	Fertilizer
	Salt
	Control

	Hypothesis

	Do you think each substance will move with surface water runoff?
	yes           no
	yes           no
	yes           no
	yes           no
	

	Observation


	Observation

	 
	 
	 
	 
	 

	Observation 
	Did this substances move with surface water runoff?
	yes           no
	yes           no
	yes           no
	yes           no
	


Name: ​_______________________________________


Lab Sheet Day – page 2 of 2
	
	Groundwater Infiltration with

Soil Column
	Soil
	Vegetable Oil
	Fertilizer
	Salt
	Control

	Hypothesis

	Do you think each substance will move with water into the soil?
	yes           no
	yes           no
	yes           no
	yes           no
	

	Observation
	Final conductivity
	 
	 
	 
	 
	 

	Observation

 
	Observation

	 
	 
	 
	 
	 

	Observation
	Could this substance move through soil into groundwater?
	yes           no
	yes           no
	yes           no
	yes           no
	

	
	
	 
	 
	 
	 
	 

	
	Tyndall Effect with a Laser beam 
	Soil
	Vegetable Oil
	Fertilizer
	Salt
	Control

	Hypothesis
	Will you see the laser beam through this mixture?
	yes           no
	yes           no
	yes           no
	yes           no
	

	Observation


	Can you see the laser beam reflecting off the substance?
	yes           no
	yes           no
	yes           no
	yes           no
	


	
	
	Soil
	Vegetable Oil
	Fertilizer
	Salt

	After the presentation on molecular properties of substances mixed with water
	Based on your laboratory observations, determine what type of mixture is made from each substance mixed with water?
	Solution

super-saturated solution

suspension

emulsion
	Solution

super-

saturated 

solution

suspension

emulsion
	Solution

super-

saturated solution

suspension

emulsion
	Solution

super-

saturated 

solution

suspension

emulsion


Explain: Molecular Properties Control Pathways Substances Travel with Water
Substances mix with water and follow specific pathways because of their molecular scale properties.  Substances that are in solution can move with water through plant uptake, surface water runoff, and groundwater infiltration but they do not evaporate with water.  Super-saturated solutions can have particles in suspension that behave like typical substances in suspension.  Substances that are in suspension can move with water through surface water runoff but they do not evaporate with water, move into plants, or infiltrate into groundwater unless the particles sizes are smaller than the soil pore sizes.  
[image: image32.emf]Targeted
Understanding










Targeted	

Understanding	


I. Show students the power point presentation on molecular properties of substances mixed with water.  Ideally this should be done in a location with enough computers for teams of students to complete the online simulations.  If possible, set the computers up with the simulations so that the students don’t have to type the URLs.  

II. When you reach the point in the presentation for the online simulations, stop and let the students explore them.  If you do not have access to a computer lab, show the simulation on the projector and let the students take turns control the models.  
III. When you reach the point in the presentation for the hands-on molecular models, stop and let the students explore them.  

IV. When you reach the point in the presentation for the Tyndall Effect, stop and let the students explore it or demonstrate it for them.

V. Students should now finish filling out their lab sheet and identify the type of mixture each substance formed. 

Explain #1.1: Online Simulations

· Salt Solution Animation

http://phet.colorado.edu/en/simulation/soluble-salts
Ask the students about what type of mixture they are making.
· Molecular Properties of Salt Solution

http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/thermochem/solutionSalt.html 

Probe students about what’s going on in the model and why.  What do the different colors represent?
Other potentially useful simulations:

· Salt Solution Animation

http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/molvie1.swf
· Salt Solution Animation

http://www.northland.cc.mn.us/biology/biology1111/animations/dissolve.html
· Middle School Chemistry – See chapter 5 lessons

http://www.northland.cc.mn.us/biology/biology1111/animations/dissolve.html
· Middle School Chemistry – See chapter 5 multimedia

http://www.middleschoolchemistry.com/multimedia/
 Explain #1.2: Hands-on Molecular Models

This activity is meant to help students understand the meaning of dissolving. In this activity students will use hands-on models to represent the atoms and ions present in a solution. The simulation will give students a visual representation of the behavior of molecules.  Students will learn what happens to molecules as they dissolve.
Option A: 3D Water Kit – Better but costs more $
Have students use the water kit to examine how solutions and suspension behave differently.  The magnets in this model cause positively and negatively charge ions to align at proper bond angles. Students should practice using the H2O molecules to dissolve the NaCl into Na+ and Cl-ions and create a solution.  In contrast the nonpolar ethane and the water form a suspension.  This is a great opportunity for student directed inquiry.
Option B: Beads

1. Begin with explaining to students that this lab will deal only with solutions. They will be using beads to simulate the behavior of the molecules in a solution. You may want to give an analogy: Tell students to imagine the room is filled with beach balls. What would happen if someone were to add golf balls? Would they fit? How could this analogy help us understand what is happening in solutions?
Lab:

1. Watch for students who try to pile too many beads in the Petri dish. They should only have one layer of beads. When they add the smaller beads they should fit into the empty spaces of the beads, not sitting on top of the larger beads.

Discussion Question:

1. What happened when they added the small beads to the large ones?

2. How is this similar to the beach ball analogy?

3. Have a few students draw their answer to question 3c on the board. Ask students to explain their drawing to the class. Question 3c from student pages: When salt dissolves in water it breaks apart into Na+ and Cl-. The large circle in the picture below represents a small area of a salt solution blown up. In the large circle draw a picture of what you think happens to the Na+ and Cl- atoms when they dissolve in water. Use the following symbols to draw your picture. Note in the questions above the larger beads represent the water molecule and the smaller beads could represent the Na+ and Cl-. NOTE: In reality the size of the Cl- and water molecule do not differ as greatly as suggested in the simulation. However, the intention of the simulation was to show how molecules fit in between each other during the dissolving process. This is the big idea intended for students.

4. Ask students how the first simulation with the beads and second simulation with the marbles are different.

Answer Key:

1. Obtain a Petri dish. Place some of the larger sized beads in the bottom of the dish.

Add as many as you can so that they only make one layer. No beads should be overlapping, every bead must be touching the bottom of the dish.

Question: Can you see any part of the bottom of the Petri dish? Why or why not?

Explain.

Yes, students will be able to see the bottom of the dish in some places because there are holes between each bead. The beads do not fill in the entire space of the Petri dish.

2. Drop 4 or 5 of the smaller beads into the Petri dish with the beads.

Questions:

a. When you dropped in the beads, where did they go?

The beads went in the spaces between the larger beads, filling in the holes.

b. Could you fit more small beads in the Petri dish without beads over lapping or making a new layer? Why or why not?

Yes, more beads can fit because there are still spaces for them to fit into.

c. When salt dissolves in water it breaks apart into Na+ and Cl-. The large circle in the picture below represents a small area of a salt solution blown up. In the large circle draw a picture of what you think happens to the Na+ and Cl- atoms when they dissolve in water. Use the following symbols to draw your picture. Note the water molecule is larger than the Na+ and Cl-.


= Water molecule 
■= Na+ atom

● = Cl- atom

3. Obtain a Tupperware dish.

4. Place a layer of marbles on the bottom of the Tupperware dish. Again do not add too many so they overlap.

5. Add a layer of the larger size beads on top of the marbles.
6. Add another layer of marbles.

Questions:

a. Can you see the beads in between the marbles?

Yes, there are spaces between the marbles.

b. Where do must of the beads go in relation to the marbles?

The beads can fit between the marbles, most of them sit in these spaces.

c. This simulation is different then the first one in the Petri dish. This one is supposed to simulate the mud and water. Which object (marble or bead) do you think represents the mud and which represents the water? Explain.

This simulation is a suspension. The marbles represent a sand particle and the bead represents a water molecule. In this one the water goes between the sand.
Explain #1.3: Tyndall Effect with a Laser Beam
When you shine laser beam through a solution it is not visible.  However, you shine laser beam through a suspension it is visible because the suspended particles scatter light.  When doing this activity make sure that you let the mixture sit for about 10 minutes or else suspended gas bubbles will also scatter light and can make a solution appear to be a suspension.  The Tyndall Effect is best viewed in a dark classroom with the lights off and the blinds closed.  It is easier to see with a laser beam than with a flashlight; however, a bright LED flashlight should also work.  This activity can be done as a demonstration with volunteers in front of the class or by students in groups.
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Using Tools for Reasoning
Use the Scale Tool to identify the relative scale of the substances in solution and suspension. 
Level 2 to Level 3: Students do understand that there can be “stuff” mixed with water, but usually only focus on substances that are visible. Use the Scale Tool to help students recognize that some substances in solution or suspension may not be visible. Begin focusing on the differences between materials that are macroscopic and materials that are microscopic.

Level 3 to Level 4: Students are aware of microscopic materials, but are not yet reasoning about materials at the atomic-molecular scale. Use the Scale Tool to support students in beginning to reason at the atomic-molecular scale about how substances mix with water.

Background reading – Optional

Water is vital to life on Earth and it cycles over the globe from the atmosphere, through the ground, down rivers, into oceans, and in bodies of living things.  As water travels, it can carry a variety of substances in solution and in suspension.  

A solution is a homogenous (meaning evenly distributed) mixture of one or more solutes dissolved within a solvent.  The solvent is the substance present in the greatest amount; on Earth, water is considered to be the “universal solvent.” Solutes dissolved in water can be gases like oxygen and carbon dioxide, liquids like fertilizer, or solids like road salt.  The ability of a solute to be dissolved is called its solubility, and solubility depends on temperature and pressure.  Generally, warmer water can hold more solid solutes and less gaseous solutes.  For example, trout thrive in cool water because cooler water can hold more oxygen. 

Substances that are not soluble in water can be mixed to form a suspension.  But given sufficient time, substances in a suspension will settle out.  Some substances that can be suspended in water are sediment, oil, paint, and algae.  For example, you can mix soil from your schoolyard with an equal amount of water and shake or stir it vigorously until then entire mixture is in suspension – then you can let it sit for several days and watch as the largest, heaviest particles settle out first followed by smaller, lighter particles.  You should see distinct layers of gravel, sand, silt, clay, and organic matter ordered from bottom to top.  Can you think of a situation in nature that would cause different sized particles to go into or settle out of suspension? 

Elaborate
1. Compare the characteristics of different mixtures (e.g., mixtures that are electrostatically-attached to the polar water molecule, moves with surface water, moves with groundwater, evaporates with water, etc).
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2. Given the results from your experiments, which substances do you think were in solution versus in suspension?  Explain why.

· Soil 

· Motor oil 

· Fertilizer

· Road Salt

3. Soil is a mixture of several things – name some of the things that could be in soil.

4. How could substances in solution travel to the stream?  

5. How could substances in suspension travel to the stream? 

6. Big storms can cause flooding and fast moving water to erode away soil.  In places where the water is confined like under a bridge the water will erode the stream bank while in places where the water can spread out it deposits heavy materials.  Imagine you school has a stormwater management pond below an eroding construction site – draw a map of the pond and show where different sized particles (gravel, sand, silt, and clay) would be deposited.  Explain why.

7. How could an excess amount of each substance affect aquatic ecosystems?

· Soil 

· Motor oil 

· Fertilizer

· Salt

8. How might substances in water affect aquatic foodwebs?

9. What affect would impervious surfaces (roofs, pavement, and concrete) have on the amount of substances traveling in suspension during a big storm?

10. Does the distribution of impervious surfaces matter? 

11. How can we manage substances on the land to reduce water pollution?

 Evaluate


Conclude by asking them to use colored pencils to draw a new detailed diagram detailed diagram of different substances that can move with water through their schoolyard.  They should pay special attention to the different pathways through which substances may follow.  You can either let them draw on top of their first diagram or you can give them their old diagram back after they have finished their new one.  

 Targeted Understanding 1:


 Substances mixed with water can move through the schoolyard environment.








 Targeted Understanding 2:


 Substances do not evaporate with water because substances mixed with water have different properties than the water.  








 Targeted Understanding 3:


 Plants absorb substances that are in solution.  Substances that are in suspension are filtered out when water moves up the plant.








 Targeted Understanding 4: All substances mixed with water can move with surface runoff.  Movement of substances in suspension is constrained by particle size, water velocity, & surface roughness.








 Targeted Understanding 5: Solutions and substances with particle sizes smaller than soil pores can infiltrate into groundwater.








 Targeted Understanding 6: The pathways that substances mixed with water can take are constrained by molecular scale properties.











� In reverse osmosis, pressure is applied to a solution when it is on one side of a selective membrane. The solvent (e.g., water molecules) can move through the selective membrane, but the solute (e.g., sodium and chloride ions) cannot.
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