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1. Overview

This unit is composed of two distinct parts: Part | focuses on water quality testing, while Part Il
uses the knowledge gained in Part | to design and test a water purification system. The two
parts can be easily separated and do not necessarily require the other part for full
comprehension, although the complimentary nature of the two parts makes this unit more
complete when both are presented. Part | provides the students with a basic understanding of
what causes water quality degradation and the chemical thresholds at which health impairments
occur. Part Il shifts the focus from causes of poor water quality to water purification systems at
various scales, including an engineering component in which the students actually build and test
a table-top water purification system.

2. Purpose

The purpose of this unit was to emphasize the importance of water quality testing and
purification, as well as to focus on local water quality issues. Because of the world-wide
emphasis of water quality and quantity, it is important that the students fully understand the
water cycle and the procurement of drinking water. By illustrating sources of water pollution,
water treatment on various scales, and testing/purifying water themselves, this unit provides an
excellent opportunity for students to gain experience with “real-world” processes relating to
water quality. The overall lack of engineering-based education in the 8™ grade curriculum also
makes this unit of particular importance due to the design-build-test component.

3. Objectives

The objectives of this unit were to:

lllustrate the chemical differences between surface and tap-water

Become familiar with common chemical and physical parameters relevant for water
quality

Gain hands-on experience with water quality testing

Use the scientific method to create a water purification system

Enhance understanding of water purification through an engineering project
Emphasize that degraded water quality is present locally and is not an issue limited to
developing nations

4. Indiana Standards Met
4.1. Science

4.1.1. Standard 2 - Scientific Thinking

8.2.6 Write clear, step-by-step instructions (procedural summaries) for conducting
investigations, operating something, or following a procedure.

8.2.8 Use tables, charts, and graphs in making arguments and claims in, for example, oral and
written presentations about lab or fieldwork.
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8.2.9 Explain why arguments are invalid if based on very small samples of data, biased
samples, or samples for which there was no control sample.

4.1.2. Standard 3 — The Physical Setting

8.3.6 Understand and explain that the benefits of Earth’s resources, such as fresh water, air,
soil, and trees, are finite and can be reduced by using them wastefully or by deliberately or
accidentally destroying them.

8.3.7 Explain that the atmosphere and the oceans have a limited capacity to absorb wastes and
recycle materials accordingly.

4.2. English/Lanquage Arts

4.2.1. Standard 4 — Writing: Processes and Feature s

8.4.2 Create compositions that have a clear message, a coherent thesis (a statement of position
on the topic), and end with a clear and well-supported conclusion.

8.4.3 Support theses or conclusions with analogies (comparisons), paraphrases, quotations,
opinions from experts, and similar devices.

8.4.10 Create an organizational structure that balances all aspects of the composition and uses
effective transitions between sentences to unify important ideas.

8.4.5 Achieve an effective balance between researched information and original ideas.

4.2.2. Standard 5 — Writing: Applications

8.5.4 Write persuasive compositions that:
* include a well-defined thesis that makes a clear and knowledgeable appeal.
* present detailed evidence, examples, and reasoning to support effective arguments and
emotional appeals.
* provide details, reasons, and examples, arranging them effectively by anticipating and
answering reader concerns and counterarguments.

8.5.5 Write technical documents that:
* identify the sequence of activities needed to design a system, operate a tool, or explain
the bylaws of an organization’s constitution or guidelines.
* include all the factors and variables that need to be considered.
» use formatting techniques, including headings and changing the fonts (typeface) to aid
comprehension.

8.5.6 Write using precise word choices to make writing interesting and exact.

4.2.3. Standard 6 — Listening and Speaking: Skills , Strategies, and Applications
Organization and Delivery of Oral Communication
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8.7.2 Match the message, vocabulary, voice modulation (changes in tone), expression, and tone
to the audience and purpose.

8.7.3 Outline the organization of a speech, including an introduction; transitions, previews, and
summaries; a logically developed body; and an effective conclusion.

8.7.4 Use precise language, action verbs, sensory details, appropriate and colorful modifiers
(describing words, such as adverbs and adjectives), and the active (I recommend that you write
drafts.) rather than the passive voice (The writing of drafts is recommended.) in ways that
enliven oral presentations.

8.7.5 Use appropriate grammar, word choice, enunciation (clear speech), and pace (timing)
during formal presentations.

8.7.6 Use audience feedback, including both verbal and nonverbal cues, to reconsider and
modify the organizational structure and/or to rearrange words and sentences for clarification of
meaning.

8.7.13 Deliver persuasive presentations that:

* include a well-defined thesis (position on the topic).

« differentiate fact from opinion and support arguments with detailed evidence, examples,
reasoning, and persuasive language.

* anticipate and effectively answer listener concerns and counterarguments through the
inclusion and arrangement of details, reasons, examples, and other elements.

* maintain a reasonable tone.

5. Methods

5.1. Materials & Resources

The materials required for these lessons are:

Part | — Water Quality Testing
Carolina water quality test kit(s) (one kit contains enough materials for approximately 50
tests)
Sample containers for collecting water
A variety of water samples
Note-cards
Stopwatches
Large maps (covering area from which water was collected)
Foamboard
Brightly-colored push-pins

Part Il — Water Purification System Design
“Dirty” water
Hot-plates or Bunsen burners
Containers to catch and transport water
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Vessels for boiling water

Carolina water quality test kit

Materials to make water purification system. Our students requested:
o Various sizes of metal screen

Cheesecloth

Coffee filters

Glass beakers and flasks (250 mL — 1000 mL)

PVC pipe

Sand

Gravel

O 0O O0OO0OO0Oo

5.2. Procedures
5.2.1. Part | — Water Quality Testing

5.2.1.1. Preparation

Obtaining water samples for testing requires some advance thought and planning. We drove
around Indiana to collect water samples from several communities’ drinking water systems, as
well as from many surface water features (lakes, ponds, creeks, rivers, ditches, etc). Due to the
time commitment required to collect these samples, collection may need to begin weeks or
months in advance. Samples could also be obtained from sites nation- or world-wide, if
containers and letters were sent out well in advance of your desired testing date.

5.2.1.2. Introduction to the Activity (1 period)

We assembled a PowerPoint presentation identifying key issues in water quality and illustrating
important sources and types of water pollution (see Resources 10.1). Throughout the
presentation, students were asked questions regarding their impressions of water quality locally
and globally. We stressed the importance of testing water to assess its safety, rather than
simply assuming clear water was clean and therefore, safe to drink, as many of the students
were inclined to do.

5.2.1.3. Water Quality Testing (2 periods)

We identified eight chemical parameters for the students to test for in the water samples:
ammonia nitrogen, nitrate nitrogen, phosphates, pH, copper, iron, chlorine, and cyanide. The
Carolina test kits also include materials necessary to test for silica, chromium, and lead. Eight
tables were established as testing stations, one for each parameter. Students worked in pairs
with a single water sample, rotating among all stations to test for presence/absence of each
parameter in their sample. Each station had a sheet of paper with step-by-step testing
instructions, as well as a data table for all students to record their results. Any students who
completed all eight tests were given a new sample to test. All students completed at least one
rotation, with most groups completing three or more samples.

5.2.1.4. Presentation of Results (1-2 periods)

After two periods of water quality testing, we collected the data sheets for each parameter and
tabulated the results. We reported the number of times each parameter tested present or
absent, as well as the average pH, for each sample (Figure 1).
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1 2 3 4 7

P A P A P A P A P A
Ammonia Nitrogen 3 1 4 0 1 2 4 1 1 1
pH 8.33 8.2 8 8.8 8.67
Chlorine 0 4 4 1 0 5 4 0 0 3
Copper 3 2 0 4 0 4 2 2 3 1
Cyanide 0 3 0 4 0 3 0 3 0 5
Iron 0 4 0 5 0 3 0 4 0 5
Nitrate 2 3 4 1 1 2 3 1 3 0
Phosphorous 5 1 5 0 5 1 2 1 4 0

Figure 1: Table provided to students following water quality testing with all water quality results
tallied. Students were required to use their sample data results to draw conclusions on the water
source and its safety. (A = Absent; P = Present)

The students were given the tabulated data for the entire eighth grade. Each student drew a
number out of a hat to determine which sample they would focus on and present to the class.
There were 22 samples, so since the largest class had 22 students, several classes did not
have all samples covered. In this case, the fellows presented the results or a student
volunteered to take on an additional sample. The students were asked to answer several
guestions (see section 7) about their sample, including health impacts of chemicals present in
their sample. Each student presented the information about their sample, using only the
assistance of a note-card. We stressed the importance of distilling the most relevant information
and writing only notes, words, and phrases, not complete sentences, on their notecard. This
was an attempt to discourage students from simply reading their answers from the question
sheet.

After each student presented their sample, we polled the class to see if they thought it was
surface (unsafe) or tap (safe) water. On a large map of Indiana mounted on foamboard, we
used brightly-colored push-pins to designate the class decision, as well as the correct answer.

The final wrap-up included discussion threshold or safety values of the chemical parameters as
well as discussing the chemical tests, such as what the tests tested (only chemical presences
not concentration) and what the tests lacked (no test for bacteria, microorganisms, etc).
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5.2.2. Part Il — Water Purification

5.2.2.1. Preparation

The Water Purification component of this unit assumes some prior knowledge of common water
pollutants and treatment options. This was accomplished through course-work, as well as the
Water Quality activity. The water used for testing was obtained from a local river mixed with
drinking water from the school in order to encompass many types of pollutants, such as nitrate,
sediment, phosphate, and copper.

5.2.2.2. Purification System Design (3 periods)

The students were presented with several questions providing the basis for their system design.
The pollutants present in the water were known; students were asked to identify which
pollutants were most important to remove, as well as to design a system to remove these
pollutants. One step was to list the materials needed to complete their design. After the first
day, we purchased the requested materials, although we did use some digression for
unreasonable requests.

Before students could begin construction of their purification system, the design needed to be
approved by one of the instructors for feasibility and practicality. Once the design was
complete, students were given 1 L of water to purify. A few water quality parameters were
tested before and after implementation to illustrate functionality of the designs.

5.2.2.3. Presentation of Results (1 — 2 periods)
Each group was charged with creating an informative presentation regarding their purification

system. The presentations should last about five minutes, include visual aids, and discuss the
effectiveness of their system.

5.2.2.4. Self and Peer Evaluation (5 — 10 minutes)
Self and peer evaluations were used to help instructors gauge individual student participation

and teamwork in the water purification activity. For additional detail, see the evaluation forms in
Section 7 and the discussion in Section 8.

5.2.3. Discussion and Final Thoughts

5.2.3.1. Part | — Water Quality Testing

Some of the topics that emerged for concluding discussions include:
- Sources of error
Reasons for “mixed” results (i.e. why did some students report a parameter as present
while others reported it as absent?)
Realization that “clean” water still contains chemicals and minerals
Identify sources of contamination knowing geographic location
Additional important parameters for water quality that were not tested
Thresholds for human safety

5.2.3.2. Part Il — Water Purification
A few topics required additional discussion, including:
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Microbial removal methods
Sediment sources
Cost-benefit analysis
Scale issues for water treatment (home systems vs. community waste-water treatment

plants)

6. Scope

The entire Water Resources Engineering unit lasted approximately three weeks, although each
activity could be lengthened or shortened according to available time allotments. By
incorporating hands-on and inquiry activities in water resources, the students should gain a
deeper understanding of what constitutes clean water and how clean water can be achieved.
These activities can be tailored to compliment topics in Social Studies, English, or current/local
events by focusing on a specific geographic region or a recent environmental issue covered in

the media.

7. Activities, worksheets, and templates

7.1. Thresholds and Health Impacts of Common Pollutants

Chemical Parameter

Effect on Health

Source

Safety Threshold

Chlorine

Copper

Nitrate Nitrogen

Cyanide

Iron

pH

Ammonia Nitrogen

Phosphate Phosphorous

Eye and nose irritant
Stomach discomfort

Short-term effects: Gastrointestinal distress Corrosion of household plumbing

Long-term effects: Liver and kidney damage

Infants less than 6 months old may become
seriously ill and could result in death

Nerve damage

Metallic taste
Not hazardous to health

Low pH: Bitter metallic taste
High pH: Slippery feel; chalky taste

Decreased lung function
Cardiovascular ailments

Unknown

Additive to control microbes

Erosion from natural deposits

Runoff from fertilizer
Leakage from septic systems

By-product from plastic, fertilizer
or steel factories

Naturally-occurring
Corrosion of plumbing

Low pH: Acid
High pH: Alkalinity, limestone

Livestock urine; manure

Sewage
Runoff from agricultural sites
Lawn fertilizers

4.0 ppm

1.3 ppm

10 ppm

0.2 ppm

0.3 ppm

6.5-85

15

Unregulated

Frankfort — Water Resources Engineering




7.2. Part | — Water Quality Testing

The following questions are for each student to address for their sample results (post-water
quality testing).

Sample #:

1. Which chemical parameter shows the strongest evidence for presence or
absence? (Which parameters have all samples as only present or absent?)

2a. Which chemical parameters have mixed results?

2b. Why do you think there are mixed results?

2c. Do you feel confidence reporting any of the mixed result parameters as

present or absent? Why or why not?

3. Explain the potential health impacts from drinking your water sample.

4. Do you think this water is safe to drink? Explain your answer.

5. Do you think your sample is tap-water or surface water (lake, creek, river,
etc.)? How can you tell?
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7.3. Part Il — Water Purification

7.3.1. Design Prompt

The following questions were given to the collaborative learning groups to help lead them to
designing a water purification system.

Group Members:

1. Your water contains ammonia nitrogen, copper, nitrate, phosphorous, sediment, and
microorganisms. Which do you feel are most important to remove? Why?

2. Describe how you could remove these parameters from your water.

3. Are there any parameters you feel are not important to remove? Explain.

4. As a team you need to develop a water purification system/device for this water to make it
safe to drink. Sketch your design. Describe how your design will purify the water by labeling
each part of the design and explaining why each is necessary.

5. List the materials needed for your design. Are they cost-effective and practical?

6. How are you going to test this design to ensure it produces safe drinking water?
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7.3.2. Presentation Guidelines

General Requirements:

All group members must participate in the presentation.
Presentation must last at least three minutes.
Presentation must include visual aids.

Do not read answers directly from worksheet. Use note-cards for quick notes.

Topics to address in your presentation:

Describe your purification system.
o0 How did you make the system?
o0 What materials did you use?

0 Which parameters were supposed to be removed/improved by your system?
Present the results/effectiveness of your system.

o How well did your system work?
o How did turbidity change?

How could you improve your purification system?
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7.3.3. Presentation Grading Rubric

Group Members:

Score from1 -5
Everyone patrticipated
Use of visual aids
Clarity
Explanation of system
Results/effectiveness
Possible improvements
Volume
Use of notecards

Time (at least three min.)

Frankfort — Water Resources Engineering
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7.3.4. Self/Peer Evaluation Form

Self Evatiion

'Your name:

Peer Evaluation

Name of Person Being Evaluated:

Rate your contribution to the project.
(0 being low and 3 being excellent)

Had good ideas 1
Helped build system 0 1
Helped with presentation,

design/ideas 0 1 2 3
Presented material well 0 1 2 3
Stayed on task and stayed

with team 0 1 2 3
Was an important member 0 1 2 3

How did you contribute to the project? List specéixamples.

Is there anything we should know about your pagréition in the
activity? List specific examples if necessary.

Rate this person’s contribution to the project.
(0 being low and 3 being excellent)

Had good ideas 0 1 2 3
Helped build system 0 1
Helped with presentation,

design/ideas 0 1 2 3
Presented material well 0 1 2 3
Stayed on task and stayed

with team 0 1 2 3
Was an important member 0 1 2 3

How did this person contribute to the project? kjstcific examples.

Is there anything we should know about this person‘ggazation in the
activity? List specific examples if necessary.

Peer Evaluation

Name of Person Being Evaluated:

Rate this person’s contribution to the project.
(0 being low and 3 being excellent)

Had good ideas 0 1 2 3
Helped build system 0 1 2
Helped with presentation,

design/ideas 0 1 2 3
Presented material well 0 1 2 3
Stayed on task and stayed

with team 0 1 2 3
Was an important member 0 1 2 3

How did this person contribute to the project?t kjgecific examples.

Is there anything we should know about this persatticipation in th
activity? List specific examples if necessary.

Peer Evaluation

Name of Person Being Evaluated:

Rate this person’s contribution to the project.
(0 being low and 3 being excellent)

Had good ideas 0 1 2 3
Helped build system 0 1 2 3
Helped with presentation,

design/ideas 0 1 2 3
Presented material well 0 1 2 3
Stayed on task and stayed

with team 0 1 2 3
Was an important member 0 1 2 3

How did this person contribute to the project?t kjgecific examples.

s there anything we should know about this peisparticipation in th
activity? List specific examples if necessary.

Frankfort — Water Resources Engineering
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7.3.5. Consumer Reports Activity

Test results

Y

& 3 g 5
C |5l |6 g1 8 2
Q = ) > 4 () 5 =
= c |1 2!l 2| g o Tl = 3
LL - 17} = = o Q o
Y— Y= o o -9 © c ) q(]_) —_
o o =} [ o Y S S = T
g Sl a||B|lelz|2|= I3} o
ey Brand and Model g | T s|s5l2lol & i 3
C Pur Ultimate CR-900 25| 90 ® e e O X
FM | [Omni F1 20| 40 e e O o e
RO | (Whirlpool Gold WHER25 160 62 ® o o & o X
C Shaklee Perfect Pitcher 82301 171 90 O < ® @ O
US | |Omni CBF-3 115| 330 ®f ® O @
CT | |Culligan CT-2 50 75 Oof ®f @&
US | |Culligan SY-2650 165| 90 ® e O e e
WH| |GE SmartWater GXWH20F 35 32 ® O & ® e |
C Brita Aqualux 25| 48 - O ® & O X
CT | [Kenmore 34551 50| 20 ® © O e X
WH| [Whirlpool WHCF-DWHV 35| 24 e o o o e
FM | |GE SmartWater GFXMO3C 20| 64 - -
RO [ |Culligan Good Water Machine AC30 900 50 ® e ® o
FM | [Brita Disposable CKFF-100 40 0 o - O X
US | |Aqua Pure AP-DWS1000 350] 180 ®f & O o o X
RO | [GE Profile SmartWater PXRQ15F 260[ 100 ® o o ® X
US | |[Kenmore 38454 55| 34 O o o o o
CT | |e-Spring 100188 575| 173 ® © ® © X
FM [ |Pur Horizontal FM9400 401 80 ® -l - @ X
US | |[Kenmore 38460 85| 46 ® O < o o
WH| |Kenmore 38440 45 18 o O o o e
US | |Whirlpool Gold WHED20 110 90 ® ® O o X
CT | |Shaklee Best Water MTS2000 255 105 ® © ® ©
US | |Everpure H-300 single 300 95 ® © O - ® X
RO | [Kenmore 38556 300 80 ® ©o o o e X
US | [GE Smart Water SV65F 150 80 ® O ® X
Legend Key to Test Results
C = Carafe Filter @® Excellent
FM = Faucet-Mounted Filter Very Good
CT = Counter Top Filter O Good
US = Undersink Filter = Fair
RO = Reverse Osmosis Filter ® Poor
WH = Whole-House Filter
x = Has Filter-life Indicator
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8. Evaluation

8.1. Part | — Water Quality Testing

Students were not graded on the accuracy of their water quality tests; grades were based on the
students’ responses to the questions analyzing the water quality results for their particular water
sample. Their presentation was also not graded, although in future iterations, a grade should
probably be assigned for the presentation, as well as their note card.

8.2. Part Il — Water Purification

The design guide sheet was not graded since each group had to approve their design plan with
one of the Fellows before they could begin construction of their purification device.

The three-minute presentation, however, represented the single largest grade for the Water
Purification activity. Each instructor had a grading rubric from which points were determined
(see Section 7); the scores given by the three instructors were averaged to determine each
group’s final score, which was taken out of a possible 45 points. This resulted in a single score
for the entire group, although the presentation helped provide insight into each student’s
comprehension of the activity, as well as their presentation skills, teamwork, and creative
abilities.

Due to the cooperative nature of this activity, the students were asked to evaluate each member
of their group, including themselves, to help instructors assess the contributions of each student.
For example, since the students were assigned to groups of various ability levels, we needed to
ensure that each student participated and that one student didn’t do all the work and provide all
the ideas. This was also a way of differentiating grades among group members since the
remainder of their grade was based upon work performed by the group as a whole. In addition
to giving a numerical score for each participant, the students were asked two open-ended
guestions to better evaluate the contributions of each member. The self/peer evaluation form
used for this project is located in Section 7.

9. Reflection/Lessons Learned/Alterations for future use

9.1. Part | — Water Quality Testing

This activity held the students’ interest, and they seemed to enjoy the actual process of water
quality testing. After the presentations, we led a class discussion of the entire results, which
helped solidify some content concepts and was a great opportunity to discuss test repeatability
and sources of error.

Although we obtained a fair representation of water from Indiana, the distribution was skewed to
the western portions of the state. With more time, we could have collected samples from
throughout the state.

In the water testing, the Carolina kits only provided information concerning presence/absence of
chemicals, and after the testing, we noted there are affordable test kits similar to the ones used
that provided information concerning chemical concentrations. The concentrations of chemicals
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could have been a lead-in for threshold values, but we feel either kit could be used effectively for
the water analysis portion.

Another idea for future implementation would be to incorporate Social Studies and English by
having the students select a particular city/town in the US or state from which to study water. In
English class, the students could write a letter to an eighth grade class in their chosen
community and send the letter along with a few sample containers. The students at the
receiving school would then collect two water samples (one tap and one surface) and send them
back to the student. This could provide an interesting indication of regional water quality
anomalies or trends in the US or state.

9.2. Part Il — Water Purification

One of the limiting factors in this activity is the availability of heat sources. We only had three
burners, so multiple groups may be waiting to conduct that portion of their purification system.
Students were quite discouraged by their results since they did not effectively remove chemical
pollutants, such as nitrate and phosphate, and in many cases the turbidity increased due to dirty
components and gravel. In future iterations, the importance of initial system flushing and
cleaning components would be beneficial.
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10. Resources

10.1. Introductory Water Presentation

Water Quality

Why is Water Quality Important?
= Fresh drinking water is in limited supplhy.

= 97.5% of the Earth’s water supply is salt water.

= Only 2.5% available as fresh water, divided as:
- 08.58% in glaciers and icecaps
— 30.08% in groundwater and sof moisture {we can use
somie of this water)
— [.332% in lakes ang streams (we can use some of this
water)
— 0.001% in water vapor

A World of Salt
rm Giakal mqiﬁmm

£ A B i e kg

R LI T T T
s

h'ﬁ"‘" e P
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1 = Drinking Well Water 2 — Absorption Field
c;
5 = Distribution Box 6 — Ground Water

Septic Tank 4 — Soil Absorption Field

YWhich is
better?

MNon-Point Sources

Mon-point source pollution comes from
many places

Does not have a single entry point to a
river/stream

Difficult to identify how much pollution is
coming from whers

Difficult to determine how!where to remedy
pollution effects

Frankfort — Water Resources Engineering
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10.2. Test Kit Procedures and Data Sheet
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10.3. Sewage Treatment Plant Schematic
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10.4. Consumer Reports’ Guide to Home Water Purification Systems
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