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Water Curriculum Overview

An Introduction to the ESW Water Curriculum

Water from nature to tap

Overview
The curriculum is designed to be correlated with Sunshine State Standards that have been stated
in Holt Science and Technology Level Red Chapter 16: Rivers and Groundwater.

The following sections will be discussed in the curriculum are as follows:

1.Section I: Water Matters (A brief introduction of global and local perspectives)
a.Define water
b.Water and society
c.Conservation and Sustainability
2. Section Il: The Chemistry of Water
a.Phases of water
b. Water as a universal solvent
3. Section I11: Water Quality, Quantity, and Public Health
a.Point source vs. non point source contamination
b.pH, DO, turbidity, biological indicators, temperature, nitrates, phosphates
c. Typical usage values and crisis in the world
d. Water related illnesses
4. Section 1V: Water Cycle (natural system)
a.Emphasis placed on aquifer and surface water storage
5. Section V: Water Treatment (engineered systems - student makes connection to water cycle)
a.Drinking water
b.Wastewater (i.e. stormwater and reclaim water concepts introduced)
6. Section VI: Water Monitoring
a.Retention pond emphasis
b.Rotation schedule development for the following subgroups:
I. Lead engineer, field assessor, field sampler, lab analyst, and data analyst
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Section | & I

Water Matters & the Chemistry of Water

Section |

Students will engage in a discussion on water and its importance in the global society. The con-
cepts of water rights, management, and laws will briefly be visited. The principals of water con-
servation and sustainability will also be explored.

Section 11

An emphasis will be placed on local usage and issues.

Students are actively learning about the properties of water via a brief chemistry lesson on its
chemical makeup (i.e. why water is considered the universal solvent).

e Activity 1.B: Build-A-Molecule of Water (does the school already have the molecule
model set)

e Activity 1.B1: What "mixes" with (dissolves in) water? Laboratory experiment using
various compounds (i.e. sugar, salt, oil, milk, etc.)

This will lead into the unit on water quality (i.e. safeguarding our water supplies).

*All activities have been attached to Appendix A*
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Section Il & 1V

Water Quality, Quantity, and Public Health & The Water Cycle

Section 111

Activity 1.C: How does your water measure up? (school water vs. bottled water) Simple tests of
various parameters and discussion on what could affect the quality of water. Stations are set
around class lab showing how each of the tests work and what their benefits are. Students could
also look at filtered vs. unfiltered water.

Project 1.C: Select student’s record and monitor the quality of school's water or water from
Hillsborough River.

Section 1V

An in-depth discussion on the water cycle and its importance on the environment and life will be
taught. Students will have the opportunity to build a 3-dimensional model describing the water
cycle. The 3D model will be used in Section V.

*All activities have been attached to Appendix A*
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Section V

Water Treatment

In Section V, students are allowed to take on the roles of water and wastewater engineers.

From previous sections students are aware that much of the water we drink comes from surface
sources (lakes, rivers, streams) and that these sources may contain pathogens, contaminants and
impurities that must be removed to make the water of drinking quality. Hence, they will actively
learn the difference stages of water and wastewater treatment such as aeration, coagulation, se-
dimentation, filtration, and disinfection.

As water and wastewater engineers, students will be divided into groups where one group will
design a water treatment process while the other group will design a wastewater treatment
process.

Water vs. Wastewater Treatment

http://www.wcrsaonline.org/wastewater-vs-water.php

*All activities have been attached to Appendix A*
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Section VI

Water Monitoring

Section VI

This section will be the capstone project for the course. Students will transform the classroom
into a local laboratory (Young Labs Ltd.) that has been hired by the City of Tampa Wastewater
Department and the Florida Department of Environmental Protection (FDEP) to collect and ana-

lyze water and sediment quality of the local retention pond. A company report should be gener-

ated after each sample collection. The report will highlight observations, data results, major

findings, member organizations as well as an expense report.

Students will be divided into groups of five as they take on several roles to ensure the complete

success of the laboratory. Students will develop a rotation schedule and monitoring schedule for

each position. The positions have been detailed below:

1.

Lead Engineer - oversees the management of the entire operation. He/she contributes
the most to the project, knowing that if unsuccessful, the objectives of the assignment
may not be met. New leads will be appointed based on knowledge and previous work
performance (assignment from the previous class period). If performance is unsatis-
factory, then the current lead engineer will step down and be replaced by the next high-
est scorer.

Field Assessor - makes note of any visual observations as well as conducts basic water
parameter tests in the field. Works closely with field samplers

Field Sampler- collects water samples to be analyzed in the lab and notes loca-
tion/date/time of sample collection. Works closely with field assessor and lab analyst.
Lab Analyst - conducts water quality experiments in the laboratory and reports the re-
sults to the data analyst

Data Analyst - inputs data into a spread sheet, analyzes, and interrupts data for week,
works closely with lab analyst and Lead Engineer. Also makes data readily available
and understandable for the next data analyst group.

*All activities have been attached to Appendix A*
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Appendix A

Experiments
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Water Quantity

WHO NEEDS WATER?

Now that you have been introduced to the drinking water treatment cycle and the need for a safe and
clean water supply, you may be left asking: “Where does all the water go?” Well, aside from industry
and manufacturing, most is used by you and me. The goal of this activity is to help you understand how
much water you and your family use in a typical day. Ask the other members of your household how
many times per day they perform each of the following activities (include yourself). Then fill out the fol-
lowing table to help you calculate your household’s daily water usage.

Activity Times/Day WatertliJrﬁgSi (each (mt]l-ﬁ})e}i/vp\)lﬁet\?iroldg%ol-
umns)
Bath 50 gallons
Shower* 2 gallons/min
Teeth brushing 1 gallon
Hands/face washing 1 gallon
Face/leg shaving 1 gallon
Dishwater 20 gallons/load
Dishwashing (by hand) 5 gallons/load
Clo%g%scm%%r;ing 10 gallons/load
Toilet flush 3 gallons
Glasses ofi r\]/\ée;ter (drink- (18/ %g .ggllallgg)
GRAND TOTAL**

*Calculating water used for showers:

o multiply shower length (in minutes) by two (for 2 gal/min water use)

e add together the water use for all showers and record this in the “total water use” column
**Calculate the grand total by adding all of the values in the “total water use” column.
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Water Quality

WATER QUALITY TESTING

BACKGROUND:

Treated drinking water, wastewater, and environmental water samples can all be characterized by measur-
ing different water quality factors. These factors include pH, dissolved oxygen content, turbidity, chlo-
rine levels, and many other measures. Water quality is frequently assessed by measuring the amount of a
particular chemical that is dissolved in the water. Different sets of factors are used in testing different
types of water. For example, chlorine levels are often measured to control the quality of residential drink-
ing water supplies but are generally irrelevant in the study of environmental water. These tests are impor-
tant in monitoring the quality of drinking water and the effectiveness of wastewater treatment. Parame-
ters can be established for each test to help regional water authorities monitor drinking water quality and
effectiveness of wastewater treatment.

OBJECTIVE:

This lab will give you a chance to try out some of the water quality tests used in actual water testing. You
will use these tests to measure the differences between the filtered and unfiltered river water samples that
you saved from the first lab.

MATERIALS:
o Filtered river water sample (from previous lab)
o Unfiltered river water sample (from previous lab)
e 500 mL graduated cylinder
e Water test kits: ammonia, alkalinity, phosphate, and iron, pH, turbidity, temperature, DO,
and nitrates
DI water wash bottles
Paper towels

PROCEDURES:

1. Measure the volume of filtered river water in your sample bottle from the previous lab and record
this volume on the data sheet.

2. There will be a series of water testing stations set up around your classroom. Each group will
start at one of the stations and rotate to the remaining stations during the lab period. You will be
instructed how long you have at each station and when to change.

3. When you arrive at a station, read all instructions carefully. They will be different at every
station.

4. Upon reading and understanding the instructions, you will need to perform the test twice (once
with your filtered sample and again with the unfiltered river water).

5. After each test you will record your results on the attached data sheet and note the differences be-

tween results for your filtered and unfiltered samples.
Be sure to dispose of your waste as instructed and clean up before leaving each station.
7. When all tests are complete, answer the discussion questions that follow the data sheet.

o
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Name: Date:

OBSERVATIONS:

Filtered Water Sample Volume
Before filtration 400 mL
After filtration

What is the significance of the difference in water volume before and after filtration? Why
might this be an important consideration when designing a water filter?

Use the following table to help you record your results. Be sure to include units for you test re-
sult (where appropriate). Also, give your table a title.

Test Result for Filtered Sample Result for Unfiltered Sample
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Name: Date:

CONCLUSION:

As a group, consider the results of each of these tests. Some test may have given the same re-
sults for both samples. Other tests revealed differences between the filtered and unfiltered water
samples. In the space below, write a brief explanation for why each test did or did not show a
difference between the water samples. How does this relate this to your choice of filter mate-
rials?

What do these results tell you about the effectiveness of your filter? What do they reveal about
the role of filtration in the water treatment process? What does this experiment reveal about the
need for water treatment steps in addition to filtration?
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MEASURING WATER QUALITY

Treated drinking water, wastewater, and environmental water samples can all be characterized by
measuring different water quality factors. Water quality factors include pH, dissolved oxygen
content, turbidity, chlorine levels, and many other measures. Often, water quality is assessed by
measuring the amount of a particular chemical that is dissolved in the water. Different sets of
factors are used in testing different types of water. For example, chlorine levels are often meas-
ured to control the quality of residential drinking water supplies but are generally irrelevant in
the study of environmental water. These tests are important in monitoring the quality of drinking
water and the effectiveness of wastewater treatment. Parameters can be established for each test
to help regional water authorities monitor drinking water quality and effectiveness of wastewater
treatment.

Generally, water quality parameters are established by considering what levels are safe for hu-
man consumers or for marine habitation. For example, ammonia levels are an important deter-
minant of population size, growth, and health of fish and other marine organisms. Ammonia is
produced naturally through the actions of certain bacteria but reaches abnormally high levels as a
result of human actions. Ammonia can enter the environment following its use as a cleaning
agent but accumulates in much larger quantities as a result of fertilizer runoff. Ammonia levels
above 0.1 mg/L is generally accepted as an indication of polluted water but even 0.06 mg/L can
cause gill damage in some fish species. Trout, salmon, and other ammonia-sensitive species be-
gin to die when ammonia levels reach 0.2 mg/L and nearly all types of fish are killed by ammo-
nia content in the range of 2.0 mg/L. Ammonia, along with nitrates, can also contribute to eu-
trophication (uncontrolled algal blooms) in ponds and lakes.

Chlorine is a greenish-yellow gas and is an important disinfectant for drinking water because it is
highly effective and dissolves readily in water. Chlorination of drinking water supplies kills
many microorganisms that could otherwise cause disease. However, high levels of free chlorine
can be harmful to fish and other marine organisms (see table 3 below). Chlorine can be intro-
duced into environmental waters by human activities such as industrial paper bleaching. Fortu-
nately, the consequences of high free chlorine levels are often minimized because free chlorine
rapidly forms combined chlorine products by reacting with other compounds present in water.
As a result, tests have been developed to measure both free and combined chlorine levels. In the
presence of decaying organic matter, the process of combined chlorine formation has negative
rather than beneficial results. In this case, free chlorine, combined with decaying organic matter,
reacts to form trihalomethanes (THMs) which are long-lived and cause cancer in humans.
Monitoring chlorine levels in drinking water is important to ensure levels are high enough to kill
disease-causing microorganisms without affecting taste or exceeding safe levels. Chlorine is
measured in marine environments to minimize dangers to marine organisms caused by pollution.
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Table 1. Effects of chlorine on fish and aquatic organisms

Total chlorine (in mg/L) Effect
0.006 Kills trout fry in two days.
0.01 Recommended maximum for all fish and aquatic life.
0.01 Kills Chinook Salmon and Coho Salmon.
0.01-0.05 Oysters have difficulty pumping water through their bodies.
0.02 Maximum Brook and Brown Trout can withstand.
0.05 Maximum amount that can be tolerated by young Pacific Salmon in the
ocean.
0.1 Kills most marine plankton.
0.25 Only the hardiest fish can survive.
0.37 Maximum fish can tolerate.
1.0 Kills oysters.

Hach Company. H20 University. Important Water Quality Factors. http://www.h2ou.com/h2wtrqual.htm
Quality Criteria for Water, U.S. Environmental Protection Agency, July 1976

Another important measure of water quality is the evaluation of nitrate and nitrite levels. Both
nitrate and nitrite are produced naturally by bacteria during the nitrogen cycle but can become
more concentrated in waterways as a result of human production. Nitrates, an important compo-
nent of chemical fertilizers and animal waste, enter waterways through rainwater runoff. The
rainwater picks up nitrates as it flows over farmlands or concentrations of animal wastes on its
way to a waterway. Concentration of nitrates in lakes and ponds can lead to eutrophication, as
previously discussed for ammonia. Nitrites and nitrates can cause serious health consequences in
humans and other animals. Exposure to high levels of nitrites prevents red blood cells from car-
rying oxygen. In fish, this causes “brown blood” disease which is lethal. Also, while nitrites are
not generally harmful to adults, very high levels in drinking water can cause “blue baby” disease
in infants. Nitrates, which can be reduced to nitrites in the intestine, can make infants sick as
well. As a result of these health concerns, government agencies have established safe standards
for nitrate and nitrite levels in drinking water and water supplies are regularly tested.

Even non-chemical factors such as temperature are important considerations for measuring water
specifically in environmental water quality measures. The temperature of a body of water can be
influenced by a variety of factors that include: water color, depth, presence or absence of shade,
latitude, season, water volume, and temperature of tributary or effluent (treated wastewater) sup-
plies. Water temperature has important consequences for many marine organisms because they
tend to be “cold-blooded.” Therefore, warm water increases the metabolism of these animals
while cool water slows it down. Water temperature can also impact the migration patterns of
marine organisms such as fish because fish will relocate to warmer or cooler waters in an effort
to regulate their metabolism.
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Name: Date:

TEST YOUR UNDERSTANDING

1. Why is it important to measure water quality?

2. What is eutrophication and what types of compounds cause it?

3. What are THMs, how are they formed, and why are we concerned about their production?

4. How do nitrites (and nitrates) cause disease in humans and other animals?
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Name: Date:

TEST YOUR UNDERSTANDING-Teacher ' s Key

1. Why is it important to measure water quality?

Measuring quality is important in monitoring the quality of drinking water and the
effectiveness of wastewater treatment.

2. What is eutrophication and what types of compounds cause it?
Ammonia, along with nitrates, can contribute to eutrophication, which are the un-
controlled algal blooms in ponds and lakes.

3. What are THMs, how are they formed, and why are we concerned about their produc-
tion?
Free chlorine, combined with decaying organic matter, reacts to form trihalome-
thanes (THMs), which are long-lived and cause cancer in humans.

4. How do nitrites (and nitrates) cause disease in humans and other animals?

Nitrites and nitrates can cause serious health consequences in humans and other an-
imals. Exposure to high levels of nitrites prevents red blood cells from carrying

oxygen. I n fhbirsochwn tbhlioso dc’a udsiesse a‘'s e wh-i ch
trites are not generally harmful to adults, very high levels in drinking water can
cause “blue baby” disease in infants.

the intestine, can make infants sick as well.
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Water Treatment

THE WATER FILTRATION PROCESS

BACKGROUND:

Much of the water we drink comes from surface sources such as lakes or rivers. These sources
contain living and nonliving contaminants and impurities that must be removed to make the wa-
ter of drinking quality. This is accomplished in water treatment plants through a five step
process: aeration, coagulation, sedimentation, filtration, and disinfection. In this lab you will ex-
plore the filtration step by constructing your own filters and using them to clean water from the
Hillsborough River. Hillsborough River water is treated to provide water to residents of Tampa.

MATERIALS:

Two 400 mL samples of river water

500 mL of tap water

One beaker (500 mL or larger)

One small bottomless water bottle plugged with cotton and capped with a coffee filter
Two sample storage bottles with caps

Three types of filter material (see procedure)

PROCEDURES:

Check the bottomless water bottle to be sure it has a cotton plug and check that the rubber band
is securely holding the coffee filter.

Locate the box containing filter materials portioned in small bags. These materials include char-
coal, gravel, mulch, sponge, lava rock, etc. You should choose the three materials that you think
will make the best filter and carry them back to your work area.

Add one material at a time to form filter layers in the bottomless water bottle. You may want to
gently tap the bottle on a hard surface to help settle the contents after each addition.

Place the large beaker under the filter. Slowly and carefully add the tap water to rinse away de-
bris that may be in the filter.

Place your filter bottle over a sample storage bottle labeled “filtered sample” and carefully add
400 mL of river water to the open end of the filter. As your river water is filtered it will be col-
lected in the sample bottle below.

Use a clock with a second hand to record the time required for the entire sample to travel through
the filter.

Save 400 mL of untreated river water in a second sample bottle labeled “unfiltered sample.” The
water from the treated and untreated sample bottles will be used in a later lab to test the effec-
tiveness of your group’s filter.

Compare the sample that you filtered to the untreated sample and note the differences.
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Name: Date:

OBSERVATIONS & CONCLUSION:

Write a brief explanation for why you chose eachof the three materials for your filter? Why did
you add the materials in that order? Why did you not choose other materials that were available?

How long did it take for your sample to filter? Did other groups have longer or shorter filtration
times? How do you think this affects the filtration process?

What differences do you notice between your filtered sample and the untreated river water?
How about the differences between your filtered sample and the filtered samples of other

groups?
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THE WATER TREATMENT PROCESS

Drinking water is treated to protect public health by removing microorganisms and natural or
man-made chemicals that may cause illness. Water treatment may also improve the water's color,
taste and odor where necessary. Many tests are performed by water utilities to investigate the
physical, chemical, and biological content of the water. Physical tests include the investigation
of turbidity (cloudiness) and odor. The chemical tests investigate inorganic, organic, and radio-
nuclide content. Biological tests investigate bacterial and viral contents to protect the population
from exposure to infectious diseases.

Protection of water sources from pollution by human and animal waste can reduce the amount of
microorganisms entering the water supply, but even water from the most protected wilderness
environment may sometimes contain microorganisms capable of causing disease. Illness can be
easily and rapidly transmitted to large numbers of people through contaminated water supplies;
therefore, it is necessary to treat and/or disinfect water supplies to safeguard against disease.

The process of water treatment is conducted in a series of steps as follows:
The water intake pipe extends into the lake, river or well supplying water to the facility. In large
lakes, these pipes may extend hundreds of feet from the facility.

Chlorine is added to the incoming water to kill microorganisms. Alum and lime may also be
added. Alum concentrates suspended particles such as silt to aid their removal. Lime changes the
pH level where required. The chemicals are mechanically mixed into the water before moving on
to the flocculating basin.

The flocculating basin stirs the water to concentrate suspended particles. The clumps of particu-
late formed are known as floc.

Heavy flocs drop out of the water in the settling tank and collect along the bottom. The cleanest
water is on the surface, drawn off through spillways leading to filtering basins.

The water is already quite clear by the time it reaches the stacked layers of fine sand, activated
carbon, gravel and rocks which form the rapid sand filters. The layer of sand removes fine bits of
floc, algae and silt. The layer of activated carbon removes taste and odor producing chemicals
from the water.

The purified water goes into holding basins prior to distribution. Safe levels of chlorine are add-
ed to check the growth of algae and micro-organisms.

The treated water is tested regularly to ensure quality. Large holding tanks store the water until it
is needed in peoples' homes.
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COAGULATION AND FLOCCULATION

Even after filtration, water often contains suspended particles that produce color and turbidity (cloudi-
ness). The suspended particles remain stable in suspension because (1) they are not heavy enough to settle
out and (2) they are charged on their surfaces. Since water dissolves charged species, the surface charges
keep them afloat.

Flocculation is the gentle settling process that brings suspended particles together (agglomeration) to
form larger clumps called flocs. In most cases, a chemical is added to encourage the formation of flocs.
The chemical used to glue the flocs together is known as the coagulant. Once the flocs settle, they are
removed as sludge. These two processes combined are termed coagulation and flocculation. They are
used in water treatment processes to remove suspended particles from the water prior to disinfection.

The effectiveness of the coagulation and flocculation process depends upon:
e Type and amount of coagulant

How mixing is carried out

Length of mixing

Temperature

pH

Alkalinity

Other chemicals present

Commonly used flocculating agents include:
o Aluminum sulfate (Alum) Al,(SOy)3
o Ferric sulfate Fex(SO,)3
e Ferric chloride FeCls

Jar testing is a routine procedure
required on a frequent basis. Con-
stant changes in surface waters lead
to changes in chemical content,
which can affect treatment dosages.
This trial-and-error method is effec-
tive for quickly calculating amounts
needed.

This routine relies on the use of a jar
testing apparatus. A common appa-
ratus has several stirring paddles on
an electronic motor. Six different
amounts of flocculating agent can be
tested at once on it.

http://www.armfield.co.uk/wl datasheet.html
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Name: Date:

OBJECTIVE: To demonstrate the importance of coagulation and flocculation in water and
wastewater treatment processes.

MATERIALS:

1 Liter Hillsborough River Water

5 Beakers (must be able to hold 200 mL of water)

Five measured masses of flocculating agent (0.02g, 0.05g, 0.10g, 0.20g, and 0.40 g, respectively)
5 Stirrers

Watch, clock or timer

PROCEDURES:
Working in groups of 5:
1. Label each beaker to identify the corresponding mass of Alum (ex: Beaker 1 = 0.02 g,
Beaker 2 = 0.05 g, etc.)
2. Add 200 mL of water to each beaker
3. Add the corresponding mass of coagulant to each beaker (each student stirs one beaker).
4. Immediately began mixing quickly for 20 seconds and then, slowly stirring the mixture
for another 10 minutes.
5. After stirring, the mixtures will stand undisturbed on a table to allow settling. This
process is known as sedimentation.
6. Students will observe which of the five different measured additions of coagulating agent
was most effective. Compare optimum dosages of the different coagulants. Look for the
dosage producing the clearest water. Record your observations below.

- 0.02g 0.05¢g 0.10g 0.20g 0.40g

Ferric
sulfate

Ferric
chloride

Aluminum
sulfate
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Wastewater Treatment

FECAL COLIFORM TESTING

BACKGROUND:

Fecal coliforms are bacteria that normally inhabit the digestive tracts of animals, aiding the breakdown of
food. They are not considered to be pathogenic (disease causing) by themselves. However, if an animal is
infected, pathogenic organisms can be found along with the fecal coliforms. In the same way, fecal coli-
forms found in drinking water or rivers are a good determinate that sewage or waste has been discharged
into the water. The greater the number of fecal coliform colonies present in a given water sample, the
more likely that other bacteria, viruses, and parasites are present which can spread diseases. For this rea-
son, fecal coliform bacteria tests are regularly done by local water treatment facilities & government
agencies to determine water purity.

OBJECTIVE:

The following experiment will test samples from your drinking water and the Hillsborough River for the
presence of coliforms (each group is given one sample or the other). This will give you a sense of the
difference in microorganism content in untreated river water and drinking water.

MATERIALS:

Water samples (100mL Drinking Water or 50mL River Water)
70% Ethanol/Water solution (sterilization)

Filtration apparatus o Sterile filter

Petri Dish with Agar e Forceps

Graduated Cylinder

R . - 77
http://ceeserver3.mit.edu/~Nepal/Mic_tests.html

PROCEDURES:
Examine filtration apparatus. ldentify location where sterile filter will be placed.
Wash this surface with 70% ethanol. Allow to air dry.
Wash forceps thoroughly with 70% ethanol. Allow to air dry.
Open package containing filter, but be careful not to touch it.
Pick up filter with sterile forceps and place on filtration apparatus.
Add top of filtration apparatus and clamp shut. Ask instructor if you need assistance.
Attach vacuum filtration hose and turn on vacuum.
Pour water sample slowly into top of filtration apparatus and allow the entire sample to filter.
Turn off suction.
Remove clamp and top of filtration apparatus and remove filter with sterile forceps.
Place filter onto growth surface of Petri dish, in the center, with the grid side. Cover immediate-
ly.
Incubate Petri dish for 24 hours.
After incubation, carefully examine Petri dish with magnifying glass to count bacterial colonies.
Each bluish spot is a fecal coliform colony. Cream or gray-colored colonies are non-fecal coli-
form.
. Record your results.

ITOMmMOO®m»
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Name: Date:

OBSERVATIONS AND CONCLUSION:
Number of fecal coliform colonies:
Number of other colonies:
Number of coliform colonies per mL:
Calculate this by dividing the number of coliform colonies counted by the total volume of

the original water sample. This value will have units of CFU/mL (colony forming units
per mL)

Compare your results to a group that had a sample different from yours. (If you had river water
find a group that had drinking water and vice versa.) Which sample showed more growth? Why
is this difference significant?

Why is the fecal coliform test performed? Does it indicate something more than just the coli-
form content of a water sample?
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THE WASTEWATER TREATMENT PROCESS

Much of the water used by homes, industries, and businesses must be treated before it is released
back to the environment. If the term wastewater treatment is confusing to you, you might think
of it as sewage treatment. Nature has an amazing ability to cope with small amounts of water
wastes and pollution, but it would be overwhelmed if we didn't treat the billions of gallons of
wastewater and sewage produced every day before releasing it back to the environment. Treat-
ment plants reduce pollutants in wastewater to a level nature can handle.

Wastewater is “used” water. It includes substances such as human waste, food scraps, oils, soaps,
and chemicals. In homes, this includes water from sinks, showers, bathtubs, toilets, washing ma-
chines, and dishwashers. Businesses and industry also contribute to the pool of wastewater;
sometimes producing water that requires more intense treatment than household wastewater.
Wastewater also includes storm runoff. Some people may assume that rainwater that runs down
the street during a storm is fairly clean, but it isn't. Harmful substances can wash off roads, park-
ing lots, and rooftops collecting in the rainwater. Left untreated, the contaminants in storm ru-
noff can harm our rivers and lakes.

http://www.cityofcapegirardeau.org/PublicWorks/Wastewater.aspx

The process of wastewater treatment is a multi-step process. The steps are listed as follows:

Waste enters the treatment facility through the sewer system.

Metal bars collect large debris such as rags, wood, plastics, etc.

The wastewater flows through a channel, allowing dense, inorganic material to settle
on the bottom. Scrapers and hoppers remove the collected grit.

The wastewater flows into large settling tanks which allow suspended solids and or-
ganic material to sink to the bottom. The raw sludge that settles to the bottom of these
tanks is removed through hoppers and sent through the digestion process.

E. Partially treated wastewater is drawn from the top of the settling tanks and chemicals
are added to remove phosphorous.

O oWy
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F. Large aeration tanks mix the partially treated wastewater with oxygen to support bac-
teria that devour organic waste.

G. The cleanest wastewater is drawn from the top of the aeration tanks through spill-
ways. By this point the water is already quite clear. Once again, suspended particles
settle to the bottom and are removed by scrapers or hoppers.

H. The cleanest water is drawn from the surface and disinfected with chlorine or ultra-
violet light to kill bacteria.

I. The treated water is tested to ensure it meets Provincial standards and is returned to
the original water source.

J.  Sludge from the aeration and final settling tanks is drawn from the bottom of the
tanks and pumped to the primary settling tank. This sludge has a high water content
and it also contains oxygen and bacteria that improve the efficiency of the treatment
process.

K. Sludge removed throughout the process is pumped to digesters where anaerobic bac-
teria consume organic waste. This process produces gases which are used to fuel plant
boilers and heat facilities.

L. Vacuum filters or centrifuge systems remove water from the processed sludge to
thicken it. The water removed in the process is pumped to the primary settling tank to
reenter the treatment process.

M. The concentrated sludge, or bio-solid waste, is taken away for incineration or conver-
sion into fertilizer.

The steps outlined above can be divided into two broad segments of wastewater treatment. Pri-
mary treatment refers to mechanical processing of wastewater and removes about 60 percent of
suspended solids from wastewater. This treatment also involves aeration (stirring up) of the
wastewater, to put oxygen back in. Secondary treatment includes the use of microorganisms to
promote the treatment process, disinfection, and removal of treatment chemicals, resulting in re-
moval of more than 90 percent of suspended solids. Overall, the major aim of wastewater treat-
ment is to remove as much of the suspended solids as possible before the remaining water, called
effluent, is discharged back to the environment. As solid material decays, it uses up oxygen,
which is needed by the plants and animals living in the water. Reducing the amount of sus-
pended solids in effluent helps reduce the negative impacts of releasing wastewater back into the
environment.
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Design a Wastewater Treatment Plant

You have been commissioned to design a wastewater treatment plant. You should bring together
ideas from the reading and use your knowledge of a drinking water treatment plant. Your dia-
gram should be more than just a copy of the diagram provided in the reading. It should in-
clude pictures and written labels. Consider how your diagram can best represent how your plant
operates and be creative.

In the Czech Republic a floating wastewater treatment plant was developed as a cost effective solution
for processing sewage from medium to large cities situated in coastal areas. It can be hooked to any ex-
isting canal system in a matter of days and starting to treat the sewage that otherwise is dumped in the
coastal waters. It offers the possibility to recycle up to 88% of the treated wastewater and return it to use
in the community. http://www.maturedevelopment.be/cc21.htm
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Name:

My Wastewater Treatment Design:

*Engineers for a Sustainable World « www.eswusf.org * email: eswusf{@yahoo.com ¢

Date:
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