TEACHER REFERENCE PACGES- WATER QUALI TY LAB

PURPOSE
The purpose of this unit is to give students hands-on experience
in testing a variety of water quality factors.

OVERVI EW

The focus of the introductory lab is to awaken students to the

i dea that adding heat or organic materials to water will change
its oxygen content, thereby altering it as a habitat. The lab is
designed to all ow students to take dissol ved oxygen readi ngs
directly and to encourage themto bring in their own sanples to
test themfor coliformbacteria.

Suggesti ons:

1. Denonstrate the "Al ka-seltzer"” exanple on page 2.

2. In order to denonstrate the relationship of tenperature and
oxygen concentration, produce a graph of D.O at various water
t emper at ur es.

3. Because of the col or change sone students nmay get the

i npression that the pH change in the mlk in Part | is a sudden
change. Using a pH neter, denonstrate that the pH actual ly
changes over tinme as the mlk is consuned.

4. You may want to enphasize that Part | does not denonstrate the
drop in D.O as tenperature increases. It is overshadowed by the
i ncrease in yeast netabolism

5. Most of us know that we use nethyl ene blue as a pH indicator
but apparently oxygen conbines with nethylene blue as well and as
the oxygen is used it conmes out of the indicator and the col or
changes. It has al so been suggested the nethyl ene bl ue be
replaced with bronthynol blue which also works well. Students
have sone difficulty wwth the color change. There is a |ight
residual color that seens to remain. Watch for it and advise the
students. Personally I'mgoing to do this part of the
investigation with pH neters.

6. Tap water should be drawn the night before. This will allow
time for the chlorine to | eave the water. You nay want to aerate
the water overnight. This will saturate the water. Water

directly fromthe tap has very little dissolved 0.

7. Yeast can be obtained either fromthe grocery store or from
one of the bulk supply houses. The little packages fromthe
grocery store have approximtely 6 g. of usable yeast, sone just
sticks to the foil of the package.

8. One nodification in the assenbly of the filtration systemin
Part 11l is to leave off the air filtration assenbly.
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BACKGROUND

When mi croorgani sns, |ike yeast, consume organic matter in a

wat er solution they al so use oxygen in the water, just as people
use oxygen to netabolize their nutrition. Wen water is used in
honmes or industry, it becomes contam nated with sewage or ot her
organic matter. |If this waste water were to be discharged into
the environnent, say into the ocean or a river, naturally
occurring mcroorgani sns |ike bacteria and yeasts woul d consune
the pollutants, and use up nost or all of the dissolved oxygen in
the process. Water which is depleted in dissolved oxygen cannot
support fish or nost other forns of aquatic life, and many

nat ural water bodi es have been rendered biol ogically dead due to
pol |l uted waste water discharges. For this reason, contam nated
waste water must be treated to renove the organic waste before it
is put back into the environnment. This is the basic idea behind
t he concept of waste water treatnent.

Your test solution represents polluted water that is being

"cl eaned" by the action of a mcroorganism yeast. |In order to
renove the pollutant (mlk), the yeast consunes sone of the

di ssol ved oxygen (D. Q) fromthe solution. The amount of D. QO
consuned depends on the pollutant concentration. The difference
between the initial D.O concentration and the DO mninumis a
nmeasure of the amount of D. O needed to degrade the pollutant,
and this value is referred to as the biol ogi cal oxygen demand or
BOD. The nore organic matter in the solution, the nore oxygen is
demanded by m croorganisns to renove it, and the greater the BOD.

Waste water Treatnent - a practical application of biochemstry
to environnental quality and public health

Al t hough few people actively seek the opportunity to visit their
| ocal waste water treatnent plant, the treatnent of donestic and
i ndustrial waste water is an inportant aspect of our national
commitnent to a high quality environnent. Before inplenentation
of "Clean Water" legislation and the allocation of federal

mat ching funds to help cities and towns build treatnent
facilities, the unregul ated dunpi ng of raw sewage was the nost
serious nationw de environnental problemfacing the U S. An
extrene exanple was the biological "death" of Lake Erie in the
1960's, when pollution rendered this G eat Lake unable to support
normal | ake life.

Lack of waste water treatnent results not only in the "l ook and
snell" of a polluted water body, but also in the spread of
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wat er bor ne di sease, closing of water bodies to swi mm ng and
fishing, and the degradati on and death of many aquatic organi sns
and ecosystens. It is still a problemin sone coastal areas of
the U S., often rendering seafood unfit for human consunpti on.
This is especially a problemfor shellfish since these organisns
tend to concentrate bacteria in their bodies. As shellfish are

|l ost froman area so is a valuable recreational resource, and the
price of these seafood species from non-polluted areas goes up.
Waste water pollution into coastal areas has forced
municipalities to cl ose beaches in Southern California many tines
to safeguard the public fromexposure to viral and bacteri al

di seases, such as hepatitis and chol era. Know edge of waste water
treatnment is inportant, regardl ess whether the primary concern is
for aquatic organi sns, recreation, or econonic reasons, because

t axpayers nust pay for treatnent plant costs that anmount to
billions of dollars a year nationally.

The goal of waste water treatnment is to renove the materials that
are potentially harnful to the environnent or human health; this
is done in steps, each resulting in increasingly higher quality
wat er and hi gher treatnment cost. The purpose of these steps is
to produce cleaned water (effluent) that can be safely returned
to the environment, usually a river, |large |ake, or the ocean.

Primary treatnment neans renoval of solids fromthe waste water:
wood, paper and plastic are renoved by a series of screens and
settling basins. These materials are usually disposed of in a
landfill.

Before the current environnmental quality standards, prinmary
treated water was sinply chlorinated to kill m croorganisnms, then
di scharged into the environnent. Now it is treated further

In Secondary treatnent the bacteria are use to eat or degrade
organic pollutants dissolved in the water. Waste water enters an
aeration tank where it is mxed continuously with high pressure
air and a bacteria chosen and bred especially for degradation
(consunption) of that type of waste (e.g., donestic sewage,

f ood- processing waste, textile or paper industry waste, etc.).
Under these conditions, the bacteria have unlinmted oxygen and a
huge anmount of food (the waste) which they turn into new
bacterial bodies. After several hours or days, depending on
treatment plant design, the dissolved organic waste is

bi ol ogically renoved. The dissol ved organic waste, or (neasured
as?) BOD (biochem cal oxygen demand) is usually about 200 ppmin
L.A waste water and will be reduced to about 20 ppm when
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secondary treatnent is conplete.

Cccasionally, the secondary treatnment process is stopped
suddenly. This usually occurs when the bacteria are killed by a
toxi ¢ chem cal pollutant which was added to the waste water
somewhere al ong the sewer-collection system This is one reason
that it is illegal to dunp | arge volunes of toxic substances,
such as solvents, down the drain. |In fact, the task of disposing
of these substances separately requires any busi ness or
institution (like your school system for instance) where these
subst ances are generated to enpl oy "hazardous waste specialists.”
The toxic substance not only stops the entire waste water
treatnent process, it can result in pollution of the | arge body
of water into which the effluent is discharged. Unregul ated
dunpi ng of hazardous substances into the nunicipal waste water
systemis illegal according to Federal and State | aw.

Once bacterial degradation is conplete, the water is sent to a
settling tank, where the bacteria settle out and the cl eaned
water is skimed off. The sludge at the bottom of the settling
tank is still rich in living bacteria, and is recycled within the
plant to be m xed with the incom ng waste water. Once the
treatnment capacity of the sludge is exhausted, it has to be

di sposed of as a type of solid waste. Mbst coastal cities like
Los Angel es used to dispose of this waste at sea. But today this
practice is illegal as this sludge contains unacceptabl e high

| evel s of toxic heavy netals which causes contam nation of marine
organi sms. Now, sludge is treated to renove its toxicity, then
di sposed of in a landfill or used as a soil conditioner. The
nost fanous of the sewage sludge soil conditioners is
"MIlorganite"; this popular fertilizer sold nationwde is a
product of the MIwaukee, Wsconsin sewage treatnent system and
profits fromits sale help pay the systenlis operating costs.

Up to this point, the treatnent process has concentrated on
renoving solids and organic matter (BOD) fromthe waste water
not hi ng has been done to renove inorganic chem cal constituents
or nutrients (such as nitrate and phosphate). This requires
Tertiary waste water treatnent, a series of conplicated and
expensi ve techniques that vary with the type of waste in a
particular locality. Only 5 to 10% of the waste water treatnent
facilities nationwi de use tertiary treatnment due to its high
cost. It is required in areas where discharged effluent enters a
wat er body which is sensitive to even a snall increase in
nutrients. Phosphate and suspended solids are induced to settle
out usually by coagulation with line (calciumoxide) or alum (an
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alumnumsalt). Ammonia is generally renoved by acidifying the
waste water. N trate can be driven off as nitrogen gas by
oxygenating, then renoving the oxygen fromthe waste water. Sone
constituents, such as hydrocarbons, pesticides, and sone

i ndustrial wastes, are adsorbed onto activated charcoal. Sone of
t hese chemi cal s can be renoved by sand filtration if the chem cal
tends to adhere to particulate matter in the water.

El ectrodi al ysis renpoves di ssolved salts by forcing water through
el ectrically charged nenbranes, through which water will pass but
charged ions will not.

Regar dl ess of whether the treatnent process ends with secondary
or tertiary nethods, the water is chlorinated to kill pathogenic
bacteria and viruses at the end of the treatnment cycle. The
"finished" water may be discharged into the environnment by direct
punpi ng into an adjacent water body (river, sea, wetlands) or
used to irrigate | andscaped property or commercial forest. 1In
Los Angeles, treated waste water is used to irrigate the Giffith
Park golf course, the park lands in the Sepul veda Debris Basin in
the San Fernando Val l ey, and ot her green space. Tertiary treated
waste water is sonetinmes referred to as "drinking quality" water:
this water is not fit for drinking as defined under federal |aw,
but it would not nmake you sick if you drank it. In fact, in the
southern California area, properly treated waste water is

consi derably cl eaner and healthier than the water found in many
pi cturesque nmountain springs, |akes and creeks; many of these

wat er bodi es contain di sease-carrying m croorgani sns and heavy
nmetal pollutants (think about that next tine you bend to drink on
a hike). It is also better quality drinking water than that
served up by sonme large nunicipalities in other states.

In many instances, tertiary water discharge actually inproves the
quality of that body of water into which the treated waste water
is discharged. Here in southern California, rmuch of the clean
effluent that is not used for irrigation is mxed w th aqueduct
water fromthe Colorado River to inprove its quality and then
punped underground for storage in aquifers and eventual use as
drinking water and to halt the intrusion of seawater into
groundwat er aquifers. VLittle wonder that many treatnent plants
in southern California are called "water reclamation plants.™

It is inportant to renenber that waste water treatnent technol ogy
is still evolving and inproving, both in quality of the product
and in the economcs of the process. In order to satisfy public
demand for a cleaner, safer environnent, and as a result of our
Federal regulatory conmtnent to clean water and inproved
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environnental quality, these increasingly conplex and expensive
techniques are required to treat the nation's ever increasing
national |oad of waste water. In virtually every public opinion
poll since the 1960's, Americans have denmanded i ncreased
regul ati on and protection of the environnent and public health,
and have overwhel m ngly stated a willingness to pay higher taxes
to achi eve these goals. Mddern waste water treatnent and the
conbi ned state and federal governnment role in funding and
enforcenment are responsible for a dramatic inprovenent in
environnmental quality and public health since the late 1950's.
Thi s successful application of science is a source of national
pride and is the envy of many nations.
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