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Abstract

Our project measured and compared how surface ozone levels change over areas the size of a high school, a community and a large city.  Ten ozone readers were placed around the perimeter of our school.  Measurements were taken at the locations of each of these readers on two consecutive days at 9AM, 11AM, 2PM and 4PM.  The first day was a non-school day and the second was a normal school day.  Ozone measurements were also taken at solar noon from seven schools covering our local community.  Lastly, GLOBE schools across the Los Angeles basin were encouraged to collect data on the same day to make comparisons over a large area.

At the school level, differences were noticed.  Ozone levels peaked at the 2PM measurement and then declined.  Ozone levels were consistently high at the front of our school.  Higher ozone levels were recorded on the school day compared to the non-school day.

On the community scale, the differences in ozone levels were not significant.  On the citywide level, not enough schools were able to record data on the same day to make an effective comparison.  Our group will contact and train more GLOBE schools in the Los Angeles basin and attempt to collect ozone data at least once each month throughout the winter and spring.

Research Questions/Hypothesis

 How does surface ozone levels change over an area the size of a high school, a community and a city? We expect ozone levels to be highest at the front of our school where many cars travel, especially on school days. “Since the first Model Ts rolled in of the assembly line, cars and trucks have been creditable carbon monoxide machines” (Los Angeles Times, 1/25/03).  We also expect ozone to increase with more sunlight in the afternoon.  Over the Los Angeles basin, we expect that ozone levels will be higher the further they are away from the ocean.

Background 

All adults tell their children to get lots of fresh air to stay healthy. This universal phrase is used daily, yet it is ironic that the “fresh air” outside our homes may actually be harmful to people. As stated in the Los Angeles Times, 1/12/034, “Few places in the nation have suffered as severely as the Los Angeles region...” (Los Angeles Times, 1/12/03). Los Angeles by far has the worst ozone problem in the United States. Los Angeles’s air-quality-management district issues more than 60 smog alerts each summer. Ozone is the largest factor in smog alerts. Ozone is a form of oxygen present in the earth’s atmosphere.  Ozone is a pollutant that damages materials, harms plants and animals. Ozone is found in two locations.  

Stratospheric ozone is upper ozone that makes life on earth possible by shielding the surface from the sun’s harmful UV rays (Vanishing Ozone).  Humans do not come in contact with stratospheric ozone.  The troposphere is 10 km thick and is the layer that is directly in contact with the earth’s surface. Most weather activity takes place in the troposphere (Keeping the Air Clean). This is also where animals and plants have to interact with the troposphere through respiration and photosynthesis.  Tropospheric ozone is a secondary pollutant meaning that it does not come directly out of exhaust pipes, but is created through photochemical reactions. Primary pollutants such as, nitrous oxides (NO, NO2 and NO3) and Volatile Organic Compounds (VOC’s), are broken up by sunlight releasing stray oxygen atoms.  These atoms combine with molecular oxygen (O2) and form ozone (O3) (Our Global Green House).
Natural levels of tropospheric ozone are not bad for living organisms, but in excess it can be very harmful. Excessive ozone will irritate lung tissue, narrow the lung passages and decreases lung capacity. High levels of ozone cause chest pains, coughs, headaches and drowsiness. Asthma and emphysema can result from exposure to high levels of ozone, especially in children.  

“Tropospheric ozone levels in Los Angeles have declined since the 1970’s, yet Angelenos breath some of the worst air in the world” (LA Times, 1/12/02).  The main reason for this is its geography. Los Angeles is surrounded by a group of mountains that create an air basin. The mountains around the Los Angeles area trap the smog and ozone produced by industry and the 10 million cars that drive the freeways each day. In the cities that are closer to the side of the mountains the ozone is the worst. 

This ozone issue is interesting and important to us, as young people growing up in the Los Angeles area, giving us incentive to learn more about ozone.  Our group was interested in measuring the degree to which the ozone levels change.  We wanted to know if there were high levels of ozone at different areas on our school campus at different times of the day.  We also wanted to know how ozone levels change as we travel between our homes and school each day.

Research Method

For collecting the data, our group set up ten data recording stations (image 1) at various points around our school, Palisades Charter High School (image 3).  The latitude and longitude for each station was recorded using a global positioning system. We used the GLOBE ozone protocol to collect ozone level data at 9AM, 11AM, 2PM and 4PM. We recorded our information first on a non-school day, Monday, January 20, 2003, and the following school day, Tuesday, January 21, 2003. At each collection time, we also measured cloud type, cloud cover, temperature and wind direction.
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Image 1.  Ozone test strip being exposed
Image 2.  Ozone reader measuring ozone in


in front of school.
parts per billion after one hour of exposure.
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Image 3.  Arial photo of Palisades Charter High School.  Each red flag is the location of an ozone


reader.
To cover our community, we took ozone measuring equipment to Lincoln Middle School, Paul Revere Middle School, Marquez Elementary, Canyon Elementary, Kenter Canyon Elemetary and Topanga Elemetary (Image 4).  All of these schools fall within our GLOBE study area.  We trained students and science teachers at each of these schools the proper use of the equipment.  We also assisted each school in entering the data as some of the schools were GLOBE trained but had never entered data to the GLOBE web site.


[image: image4]
Image 4.  GLOBE satellite image of Palisades Charter High School and surrounding area.  This is our


Community.
For the Los Angeles area, we used the GLOBE web site to locate and contact schools that had measured ozone data in the past and schools with active GLOBE programs.  We found only seven schools in Los Angeles that had ever recorded ozone data.  We contacted an additional 13 GLOBE schools for this project.

Data Summary


  The following eight maps display the data collected as GIS maps.  The school is surrounded on all four sides by roads.  The front of the school faces directly south.  Ozone values are in parts per billion.
Map 1.
Map 2.
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Map 3.
Map 4.
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Map 5.
Map 6.
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Map 7.
Map 8.
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Map 9.
Ozone Values From Eight Los Angeles GLOBE Schools January 24, 2003
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Image 5.  The map above displays ozone data from eight GLOBE schools in the Los Angeles area


(Sherman Oaks Center for Enriched Studied, Topanga Elementary, Marquez Elementary, Palisades


Charter High School, Kenter Canyon Elementary, Paul Revere Middle School, Canyon Elementary,


and Lincoln Middle School).  Ozone values ranged from 0 to 11 ppb.

Analysis


Before we began an analysis of our ozone data we attempted to determine the level of accuracy of the ozone readers.  We exposed five ozone test strips at the same time and location.  Following the GLOBE ozone protocol we read the test strips after an hour of exposure.  The test strips were read with five separate ozone readers.  The values of ozone ranged from three to eleven ppb.  From these results we estimated that the ozone test card readers were only accurate to within 10 ppb. Others errors that might have affected our results were human error and curious students handling the test strips. While the strips were attended to hourly there was always the chance of human interactions among interested students.


For the data collected from the area surrounding our high school, we created a spreadsheet and entered the ozone values along with the latitude and longitude of each station into a GIS program.  Interpolating the data for each of the eight collecting periods, maps were generated displaying the variation of ozone across our school campus.  On these maps the ozone values were analyzed in increments of 10 ppb as we thought this represented the accuracy of the ozone test card readers.  

One ozone reading recorded on the morning of January 20 (map 1) appeared somewhat suspicious.  The reading of 52 ppb was 33 ppb higher than any other reading at that time and the highest of the 80 readings recorded over two days.  This reading may have been due to instrument error or from improper handling.

Covering our local community, we helped enter ozone data from 8 local schools into the GLOBE web site.   The GLOBE mapping tool was used to display the ozone variation in the immediate area.  

Of the twenty GLOBE schools we contacted for this project only one was able to collect ozone data on our target date.  The data was entered onto the GLOBE web site, but we felt this did not represent a large enough area to draw any conclusions for the Los Angles Basin. We attempted to coordinate schools on two additional days, but we were unable to receive information from enough schools to analyze ozone in a larger scale, such as the city of Los Angeles.
Conclusion


Concerning the ozone readings collected from our school, we came to three conclusions:

1) On both days, recorded zone levels increased from the morning and peaked at around 2 PM after which the levels dropped.  Maps 1-4 and maps 5-8 clearly show this trend with the highest values on both days occurring at 2 PM (maps 3 and 7).  This makes sense, as sunlight is important in creating ozone.

2) When comparing ozone on a non-school day (January 20) to a school day (January 21), ozone values appear higher on the school day.  The difference is most obvious when comparing the 2 PM readings (maps 3 and 7) and the 4 PM readings (maps 4 and 8).  This was also expected with more cars and buses driving past on the school day.

3) Higher ozone readings are found at the front of the school.  On six of the eight maps displayed, the highest ozone readings were at the front of the school (south facing).  Many cars drive past the front of the school.  Between 2PM and 3PM on school days, 25 buses drive past the front of the school.  At this time there is also much sunlight making it a perfect time for the photochemical reaction creating ozone.

On the community level, there didn’t seem to be much difference in the amount of surface ozone present.  The difference between the lowest and highest ozone values was 11 ppb.  This small difference could be less than the accuracy of the ozone test strip readers.  All seven local schools are relatively close to the ocean.  A normal southwest wind blows air from the ocean towards all of these schools.

As was mentioned before, only one school from the greater Los Angeles area reported data on our testing date.  While this school’s ozone data was also close to the data from our local schools’, we felt we needed more schools participating before we could draw a conclusion.

Discussion


Due to the variations in ozone levels around our own school, we feel it will be necessary to do more measurements on both school days and on weekends.  If the results turn out the same, we can advise students with asthma or other respiratory problems to avoid the front of the school and exercise especially in the afternoon.  It is also important to note that on these days the ozone levels never reached unhealthful levels, which begin at 80 ppb according to the EPA. “The majority of U.S. citizens live in areas that are impacted by troposphere ozone polluting. They are familiar with ‘smog-alerts,’ local government pleas to reduce vehicle traffic, and news reports about cities that have failed to meet EPA standards for ozone pollution levels” (University Corporation of Atmospheric Research).


While we were very successful with collecting data from our local elementary and middle schools, we feel it will be interesting to do more measurements.  If we can continue this line of work, some of the elementary school students can work on GLOBE projects when they reach high school and look back at the data they helped collect five or six years earlier.  This will be valuable research and help them see that science in a long-term process that involves many people.


We were disappointed with the response from GLOBE schools across the Los Angeles basin.  Many of the schools we contacted were missing equipment or couldn’t collect data for other reasons.  Some schools apologized for not being able to help, but promised to help in the future.  We hope to train and coordinate more schools in Los Angeles and set collecting days at least once each month for the rest of this school year.  It will be interesting to see how ozone levels change as we approach summer.

As a result of our contacts, we’ve been asked to present our findings to science classes at other schools in our area and to teach other students and teachers how to measure ozone at their schools.  We will encourage them to continue measuring ozone to add to the general knowledge of our planet.

This project turned out to be much more work than we anticipated.  Taking a measurement required calibrating the measuring device, hanging the sample paper for an hour, then returning to measure the ozone concentration.  With ten stations on our campus, collecting data was not easy.  We are proud, however, with what we learned and the beautiful maps we were able to create with our data
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