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OZONE

Air Quality Workshop

Analyzing air quality in your bometown

i ELLOWISH-BROWN CLOUDS HANG

‘ over our school on hot, calm days—
reminders of nearby chemical and ofl -

; production plants. Students recognize

this air quality problem and have also

noticed an increase in headaches, sinus problems,
and chest congestion on thesc days.

After learning that ground-ievel ozone can oxidize
tissuc in the respiratory systems of animals, promoting
scar tissuc formation and cell damage (Linvill, Hooker,
and Olson. 1885), students questioned whether the yel
lowish-brown clouds were caused by groundevel ozone
and whether they are related to the increase in respira-
tory problems. Using a National Center for Atmospheric
Research teaching module as our guide, we developed a
project to teach students how to measure groundevel
ozone and determine ozone concentrations. The stu-
dents have taken the projectastep further by researching
the effects of ozone exposure and d:.scussmg ways to
clean up the problem.

ESIGNING THE TEACHING MODULE
“As part of 2 National Science Foundation teacher en-
hancement program, scientists at the National Center for
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Atmospheric Research (NCAR) in Boulder, Colorado,
and 40 middie school teachers from around the country
collaborated to design classroom activities that demon-
strate important atmospheric science concepts. Teach-
ers from Texas, California, North Carolina, and Colorado
spent the past three summers at NCAR participating in
Project Laboratory Experience in Atmospheric Research
at NCAR (Project LEARN). One area of résearch that was
of great interest to some of the teachers was the measure-
ment of stratospheric and tropospheric ozone and the
significance of those measurements. Because strato-
spheric ozone measurements are taken by satellites, and
because that data is available through NASA and the
World Wide Web (see Note on page 18), these teachers
turned their attention to measuring tropospheric, or
ground-evel ozone.

Christian Frederick Schoenbein discovered ozone
in 1839 during his tenure as a professor at the University
of Basel, Switzerland. He uséd the reactivity of ozone to
mexsure its presence and prove that it is a naturally
occurring component of the atmosphere. For our ozone
mecasurements, we adopted his method of coating filter
paper by using 2 mixture of starch, water, and potassium |
iodide to measure tropospheric ozone. The paper, calied
Schoenbein paper, changes colorwhen ozoneis present.
Ozone causes jodide to oxidize into iodine, which then
reacts with the starch, staining it a shade of purple. The
darker the color, the more ozone is present.

After working with NCAR scientists and an under-
graduate student, the procedure was redesigned for
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classroom use by ozone module teachers, and we took it
back to the classroom for the true test.

RESEARCH AND RESULTS

After a class discussion about the difference between
tropospheric and stratospheric ozone, students took
home prepared Schoenbein paper to test different loca-
tions in the Texas .City area for ozone. (Seec Student
Activity on page 19.) I knew results would vary based on
the amount of oxidants and relative humidity at each site,
but | wanted students to retumn to class the next day to
compare their results with thosc of other students and
make these “discoveries” themselves.

Results are calculated by first determining the
Schoenbein number Studeots match their colored test
strip to the Schoenbein Color Scale (Figure 1), In every
casc, the Schoenbein paper indicated that ozoac was
present To determine the concentraton of ozope in
parts perbillion (ppb), students then refer tothe Relative
Humidity Schoenbein Number Chart (Figure 2). The
students plotted their findings on 2 map of Texas City
using dots color<oded to represent czone concentra-
tion. This map provided visuzl evidence of various ozone
concentrations across the cicy

We compared owr findings with those of the monj-
toring stations of the Air Quality Control Board (AQCB)
in Texas City and found the Schocabein ozone test paper
to be a faidy reliable testing device. We averaged stu-
dents’ results to produce 2 daily ozone concentrztion
reading The AQCB monitoring system is hourly, and

their results were averaged to determine an overall
aumber for the days tested in order to make a valid
comparison. The class's results were within 20 ppb of the

geadings collected by the AQCB monitoring system.

According te the AQCB, concentrations of ozone are |

high atl along the Gulf Coast partly duc to channeis of
ozone moving from the southeast Atlantic coast of the
United States westwward through Texzs to the northwest
part of the state,

A COMMUNITY ISSUE

Because of their work with the ozonc study, students
created community awareness of the ozone problem
Because the assignment was conducted at home, parents
and siblings were involved in helping students with
weather rezdings from television weather reports The
neighboring clementary school wasalso tested for ozonc,
and the school district publicized the project and its
findings in the jocal newspapérs. Students also c-mailed
their results (o scientists at NCAR. The scientists ap-
plauded the stadents' efforts.

Personal involvement made the problem real for
these students and their families The project gave new
meaning to The Clean Air Act for our classes, znd many
students felt compelied to write to the president, vice
president, governor, state represepuatives, and NASA to
find our what was beiog done to help clean the zir They
wanted to test the space shucdes o see if ozonc was
present because of the electrical equipment on board
They wanted to know more zbout what is in the air we
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breathe and felt a responsibility to help keep the air clean.

THE PROJECT CONTINUES

The students plan to continue the ozone project and
expand it by sharing results with other schools and
communities. Initially we will work with other Project
LEARN teachers and their classes in Alaska, North Caro-
lina, California, and Colorado. Our longterm plans in-
clude broadcasting our local weather on a Houston
television station and connecting our school with other
weather station sites. Once the station is up and running,
we plan to have a computerized air monitoring system
for Texas City and surrounding communities.

Possible extensions for the ozone project include

Schoenbein Color Scale.

B s csesonmieninissmisiali Lovender hue

having studeats collect daily sampies for one week, plot
the data on an area map, and graph the ozone concentra-
tion using the vertical and horizontal axis of the Relative
Humidity Schoenbein Chart. The students can see-any
day-to-day variation by comparing their daily readings
and graphing the results. By comparing the graphs,
students can determine consistency in their data and
theorize about why results are, orare not, consistent. The.
data can also be compared against temperature, relative
humidity, clouds, wind, rain, and so on.

Another logical extension is to contact thc local
and state Air Quality Control Board and request data for

* the test period. Do your readings agree with those from

the conrtrol board? How large was your sampling? Incor-
porate science students from other grades or other
schools to help obuin as many readings as possiblc
Compare your results with students’ results from other

‘schools, cities, or states to sec if there is a correlation or

a pattern. These ozone activities help encourage stu-
dents' leaming and communication skills, and serve asa
w:ywpmmotcd:empomnccofpmngmeamo

Relotive Humidity Schoenbein Number Chart.
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EBuglish teacher at Blocker Middle
School, 500 14th Ave. No., Texas
City, IX 77590. E-mall Judy Lee at
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Tbe module Ozonc in Our Atmosphere
will be avallable sometime during
the 1995-1996 scbool year via tbe
National Center for Atmospberic
Research's World Wide Web educa-
tion bome page at Internet address:
hup://home.ucar.edu/ucargen/educa-
tion/lecam.html The module is cur-
rently available by writing o Carol
Mclaren, Project LEARN, National
Center for Atmaspberic Research, P.O.
Bax 3000, Boulder, CO 80307-3000.

Linvill, D. E., W. J. Hooker, and B.
Olson. 1885. Ozone in Michigan's en-
vironment 1876-1880. Montbly
Weatber Review p. 108.

Mankin, W., A. Weinheimer, K. Davis,
and N. Fukushima, 1994. Ozone in Our
Atmosphere. A draft module devel-

oped by Project LEARN teachers dur-
ing the summers of 1993-1994 at the
National Center for Atmospheric Re-

search.
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STUDENT ACTIVITY

Back dinformation. . . ..cccvivaiinnan .. .

Thi::umi:mboﬁn on the oxidation capability of azone. Ozone in the air will oxidize the potassium iodide on the Schoenbein
paper to produce iodine. The iodine reacts with skarch and produces o purple ‘color. The exact shade of purple correlates to the
amount of ozone present in the air. The two reactions invotved are: .

SOy,
o,
(M} U. S. EPA
Y o

2K + O, +HO—> 2KOH + O, + |,
L, + storch +—> storch tums o shade of purple
Materials. . cceveeieneanasenn -
" Potassium iodide Disﬁlledw;l:’ e

Filter paper Hesi-eelo

ss stirring Aprons
Sr:all paint brush Schoenbsin Color Scole
250-ml beaker Relative Humidity Schoenbein Number Chart

eat source (preferably a hot plate)
H:? for removing the from the heat source

8 1/2 X 11-inch paper for drying filler paper or a 9-inch microwave-safe plate - -
Wet-dry bulb psydimnderMuasMnonmerwry-ﬁl!odmem\oMn

Schoenbein Paper Preparation. . . . ...cooveiennan..
1. Place 100 ml of water in a 250-mL beaker then add 5 g of com starch.
2. Heat and stir mixture until it'gels. The mixiure is gelled when it thickens and becomes somewhat translucent.
3. Remove the beaker from the I;‘dpl;:.d:;ng P“II:;LU;‘;}?::Q ond shir wﬂ:lle’%s the s<:||.vﬁ¢:an.'he "
4, iece of filter paper on o carefy paste onto paper. Tum the filter paper over and
_ doL;’e' :nfrlleon ﬁeoﬁurlide.Appg/hpcﬂaasmﬁmnlympwiHe.'l'hepapermnbeexpoud for immediate testing at this
int. . .
g?:ﬂdlowrhe paper to dry. Do not set in direct sunlight. A low-temperature drying oven works best. To save fime, place the
paper on o microwave-safe plate ond microwave for one minute. A ,
6. Cut the filter paper into 1-inch-wids strips. To siore the strips, ploce them in o zipper-lock plastic bag or glass jar out of direct
sunlight. - : ;
* Wash hands thoroughly with soap, and scrub under fingemails with @ brush after working with the potassium iodide mixture.

-~ -~

Testing Procedure. . ..................
1. Dip o strip of test paper in distilled water and hang it at o data collection site out of direct sunlight. Make sure the strip can
hang freely. '
2. Expose the paper for approximately eight hours. Seal it in an airfight container if the results will not be recorded immediately.
3. 'I%:P:bm ond record fest results, dip the paper in distilled water. Observe the color and determine the Schoenbein Nu:\‘tleyr
using the Schoenbein color scale.
4,-Determine the relative humidity of the data collection site by using a bulb psychrometer or local weather data. Round off the
relative humidity reading fo the nearest 10 percent.(Higher : slative humidity makes the paper more sensitive fo ozone, and a
_ higher Schoenbein Number is observed. To correct for this, the relative humidity must be determined and figured into the
cu?wlcﬂion of ozone concentration.) Refer to the Relative Humidity Schoenbein Number Chart. Along thé bottom of the chart,
find the point that corresponds fo the Schoenbein number that you recorded. From. that point, drow a line upward until it
intersects with the curve that corresponds to your relative humidity reading. To find the ozone concentration in parts per billion,
draw a perpendicular line from the Schoenbein number/relative humidity point of intersection to the left side of the chor.

- Observations and Questions. . . . . oo axe = sxo [0 & = 5y snens e . . '
1. What change in the test paper, if any, did you observe? (The color of the not be uniform. Determine th
sdmmbeinNumberbyﬁmemforinan:;oudfhmMmﬁmHe&mg&] PR i
2. Compare your fest paper to thase of other students. Do all the test papers appear the same? (Individual test papers will vary
deﬁlendingo;tﬂwomuntofoxi&unhuﬂ’mtﬁh. Be aware that folse positive results can occur from nitrous oxides in heavy
traffic areas.

3. Was the relative humidity for your test day high or low? (Individual results will vary depending on the spedific relative
humidity of the site.) '

4. Why do you think the test papers did not all oppear the same? B

5. Would the parts per billion of azone be the same for a Schoenbein Number of 4 at a relative humidity of 30 percent and 70
perce:;'; (Hit:*l‘-. Ff;fer to 'h:ol Rdaﬁvedl:umidig Skd\oenbein Number Chart.)

6. Based on the data you collected, do you think this method is @ good way to measure tropospheric ozone? Why or why not?
7. Compare data with those from a local monitoring station. Also, if passible get information about the wind direcﬁo:ht):l/uﬁng
your study and determine how it affected your measurements.
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