2003 GLE Student Investigation Report

Air Quality and Weather Conditions in the San Joaquin Valley of California
Kingsburg High School

Teacher - Peggy Foletta

Students – Arminder Bal, Simrat Batth, Scott Foletta, Zoila Reyna, Jessica Willis, Jarrett Hedrick , Whitney Staats

STEP 1: ABSTRACT

The San Joaquin Valley of central California has recently been compared with Los Angeles as the region with most polluted air in the USA.  Kingsburg High School students chose to explore factors that may contribute to this distinction.  The topography of the region creates unique conditions that increase the potential for air stagnation and pollution:  a valley like a bowl surrounded by mountains.  Air becomes trapped by the mountains and an inversion layer, which creates stagnation.  This combined with very hot summers and dense fog in winter, contributes to elevated levels of pollutants that build up in the atmosphere.  This pollution of the air often leads to severe health problems.  

Five questions were explored.  The first was designed to discover if the type of weather conditions affected the level of ozone or particulates in the air in Kingsburg in winter.  Students expected more particulates to accumulate in foggy weather.  A weak correlation was found between temperature, humidity, cloud cover, and cloud altitude compared to ozone levels.  Other than that, weather conditions did not correlate to levels of either pollutant.

The second question examined whether valley ozone and PM10 particulate levels (particulates sized 2.5 – 10 um in diameter) compared to mountain ozone and particulate levels (in Yosemite National Park) in winter.  GLOBE ozone protocols were used and compared to ozone readings from an ACCESS air quality monitor.  Higher ozone levels were found in the Wawona regionYosemite compared to those in Kingsburg in January.  Particulates were slightly higher in Kingsburg.

Third, students compared the GLOBE ozone protocol to the ACCESS Monitor ozone method to see if they found a correlation.  Because the monitor quit recording ozone, ozone data from a nearby Air Resource Board air monitor was compared to the GLOBE ozone readings taken by the students in Kingsburg.  A high correlation was found.

Fourth, students compared the PM2.5 particulates (size 0.1 – 2.5 um in diameter) at a local dairy to the PM2.5 particulates at Kingsburg High School.  Students, having read about cow gas contributing to increased particulate levels expected to find more particulates at the dairy, but they found more particulates at KHS.

Fifth, students compared the two particulate capturing methods, ACCESS Monitor method compared to a student-designed “Particulate-Catcher” method to see if there was a correlation.  A slightly negative correlation was found.

STEP 2: RESEARCH QUESTION/HYPOTHESIS

The San Joaquin Valley of California is the richest agricultural area in the USA.  It is located in the southern half of the great Central Valley of California.  The northern part of this large valley is the Sacramento Valley.   Kingsburg is located 32 km south of Fresno, in the south central part of the San Joaquin Valley, about a 66 km drive west of Kings Canyon National Park.  Latitude is 36.5 degrees North and Longitude is 119.5 degrees West.  

Kingsburg was founded by Swedish immigrants in the latter part of the 19th century; the high school mascot is the Viking.  Kingsburg with a population of about 10,000 is surrounded by grape vineyards, peach, plum, and almond orchards, cotton fields, and dairies.  SunMaid Raisins and a Del Monte peach cannery are local businesses.  99% of the natural vegetation in the region has been replaced by agriculture and rural communities.  Development is on the rise the length and breadth of the valley as housing on the coast of California is very expensive.  As you can see on our GLOBE graph below, Kingsburg is hot in summer and its limited precipitation occurs in winter.  The natural biome type ranges from desert to oak grassland.  
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Figure 1

What you can’t see in Figure 1 is evidence of the dense winter fog and stagnant air.  Pioneer William Brewer wrote in his journal in the 19th century as he viewed the valley from above, before the region was developed, “Dust fills the air – lots and lots of dust.” [Fresno Bee “Last Gasp”, Dec. 15, 2002.] So factors contributing to air quality here are neither simple nor new. 

The AP Environmental Science class of Kingsburg High School considered topics for environmental projects in early November, 2002, and chose to explore the connection between the San Joaquin Valley air quality and its notorious fog and the unique topography of our region.  

Students wondered if our fog, which can sit around for days because the air remains still and locked in by bowl-shaped mountain ranges, had a more acidic pH than our rain.  The fog can become so thick that it necessitates schools around the valley to go on “foggy-day” schedules, to prevent vehicle accidents due to reduced vision caused by the thick foggy soup.  Students thought that rain moving through the atmosphere would pick up less pollution than fog would, and consequently, be less acidic (pollutants SO2 and NOX create acid conditions when combined with water).  Then the question was: how could we collect fog to find out?  A couple of ideas emerged and were tried.  One was to twirl a hoola hoop with screen stretched across it in fog and drain into a funnel to collect the residue.  This proved ineffective.  Another idea was to put large glasses of ice outside and set them in a bowl so condensed water would drip into bowl.  This idea worked, but the class noted that the pH of the drippings in the rain gauge on foggy days had comparable pH to the pH of this method, so instead, decided to use the pH of moisture in the rain gauge when it is foggy.  We use a film canister to pour the water into, so the pH meter works with even 0.2 mm of moisture.  

Students had observed that local area football games and practices had been cancelled or postponed earlier this past fall, an increasing trend in recent years, due to poor air quality.  Also, the local news was reporting a continuing increase of asthma and other respiratory ailments in the Fresno area student population.  In fact, we read in an L.A. Times article that 16% of Fresno County students have asthma, the highest level in the state.  Was fog a factor in this?  A phone conversation with an education representative of the Fresno Air Resources Board revealed that the contributing factor to bad air in September in the Valley was ground level ozone (sunlight, NO2, SO2, and CO combine synergistically to produce ozone).  He also indicated that our rain and fog pH were not what was leading to lung ailments; ozone was a major contributor to lung damage.  Upon checking the local valleyair.org air quality monitoring station data, we found that ozone readings taken from the closest monitoring station to us, in Parlier, http://www.valleyair.org/aqinfo/MonitoringSites.htm , about 10 km from the Kingsburg High School in late summer/early fall were sometimes worse than those in L.A., an area infamous for bad air, especially the more damaging 8-hour ozone readings.  Ozone corrodes tissue, impairing the lungs; the elderly and young are especially at risk.  So, the class became interested in doing an ozone project to find out the pattern of ozone levels here in Kingsburg.  December 15th, 2002, a full section major report on valley air quality came out in the Fresno Bee called “Last Gasp”.  The report indicated that ozone is a problem in the Sierra Nevada mountains, a place where our class collects seasonal hydrology data, and we had seen the damage on needles of Jeffrey Pine trees in Yosemite on field trips which we were told was caused by ozone.  We had a trip to Yosemite scheduled for January, so we knew we could compare Kingsburg to Yosemite air at that time (valley floor elevation is 110m compared to 1,850 m elevation we would visit in Wawona).  We also have a sister GLOBE school in Yosemite, Wawona School, where the KHS AP Biology class had helped set up the first GLOBE weather station in Yosemite back in 2000.  We would visit this school again and decided this time we would monitor ozone and teach the K-6 students about causes and prevention of air pollution.
Our research of local San Joaquin Valley air on the Air Resources website at valleyair.org and http://www.epa.gov/airnow/mapselect.html, indicated that particulates are worse in fall and winter, and that ozone is more of a summer and early fall issue in our region.  Our preliminary ozone monitoring in November in Kingsburg resulted in low readings.  More important in winter appeared to be particulates.  Of the five pollutants monitored for the AQI (Air Quality Index), CO, SO2, NO2, particulates of two sizes (PM10 and PM2.5), and O3 (ozone), our research showed that two of these, ozone and particulates, most often exceed acceptable levels.  The Fresno Bee report “Last Gasp” mentioned above pointed out that “we have three air pollution seasons: summer ozone, fall particulates from agricultural harvesting kicking up dust and pesticides, and winter particulates from agricultural burning and home fireplaces”.  Since it was winter particulate season and because the class wanted to explore the effects of fog, the class came up with the following question they would seek to answer:  Do different types of weather conditions correlate with the amount of particulates in Kingsburg air in winter?  Weather was classified as: clear, cloudy (Isolated, Scattered, or Broken), overcast, rainy, and foggy.  This mini-project seemed feasible and timely.  We would monitor ozone as well, because we were also interested in ozone patterns through the year.  We would focus more on ozone as summer approaches.

An enhancement to our air quality project was a loan by GLOBE in the City in Los Angeles, an urban GLOBE project, of two sophisticated ACCESS air quality monitors!  We wish to thank the program and Henry Ortiz for allowing us to use the monitors on our project.  Mrs. Foletta and two students were trained to use the monitors on January 12th, 2003, after the study mentioned above was completed, just days before the class’ January five day field trip to Yosemite National Park.  

The ACCESS Monitors allowed us to do a more sophisticated comparison of valley and mountain air.  We set one monitor up on the roof of a science building and took one with us to Wawona School in Yosemite to concurrently monitor the air in both locations.  The monitors could take a full set of readings each minute for a week.  Among data collected were PM10 and ozone, allowing us to compare air quality in both locations as well as compare it to data collected using GLOBE protocols.  An added benefit to having the monitor allowed us to compare to our own particulate protocol (described in the methods) to hopefully see if it correlates well to the ACCESS particulate measurement.  While in Yosemite, January 18-22, 2003, the ACCESS Monitor ran the entire time (we were collecting hydrology measurements and macroinvertebrate biodiversity surveys along two forks of the Merced River and studying snow properties at the top of the watershed).  Students were hoping to find out:  Is there a difference between the ozone and particulate  levels in Yosemite and Kingsburg in winter, January 18-22?
Apart from our study, on our last day in Yosemite, each Kingsburg AP student paired up with a K-6 student at Wawona School, a 20-student two room school located in Yosemite National Park, where our class stayed while doing our hydrology and air studies.  After doing hydrology tests and a macroinvertebrate survey together, the AP students explained to the young students what the ACCESS monitor set up behind their school was measuring.  The high school students explained to the Wawona students about our air pollution problem.  Each student was given an air pollutant card, was taught what could prevent it from being produced, and then the high school students surrounded the little “air pollutants” by holding hands producing a ring of high school student “mountains.”  The “pollutants” tried to get out.  A few did, and that illustrated that although the mountains keep much of the air pollution trapped, some valley air sneaks up into the mountains.  Students compared the San Joaquin Valley to Yosemite Valley, where air pollution is trapped by giant granite walls.  This type of education will hopefully lead to a new generation of conservation-minded voters. 

The “Last Gasp” article in the Fresno Bee had indicated that dairy cattle produce ammonia in their waste, which combines with other air pollutants to form small particulates, PM2.5 size.  These in turn contribute to reactions that create ozone.  The article mentioned that cows on dairies are becoming an increasing threat to the air quality.  So the class chose to examine another question:  Is there a difference between the particulate levels and ozone at Kingsburg High and a local dairy?  We dropped the ozone part of this study because both ACCESS Monitors stopped recording ozone.

Because we also wanted to know if the GLOBE ozone protocol would give us the same readings as the ACCESS Monitor, the class framed this question:  Does the GLOBE ozone method correlate to the ACCESS Monitor ozone method?  Again, since the ACCESS Monitors stopped recording ozone, the class used ozone data taken from an Air Resource Board monitor 10 km from Kingsburg to compare to GLOBE data in Kingsburg.  If there were a correlation, then our data could validate the GLOBE protocol.    

Wondering about the validity of the “Particulate-Catcher” method lead to this question:  Does our particulate-collecting method (#particulates/field of view) correlate to the ACCESS Monitor method of collecting particulates (ug/m3)?  If there were a correlation, then our method would be validated and we could use it when we have to return the ACCESS monitor.

STEP 3: RESEARCH METHOD

Our original intent was to base our project on ozone readings because ozone was the issue the students were most aware of in our region of California, but the class did not know that it was a seasonal problem.  As we began to research, however, we found that particulates were more of a problem in the winter season than ozone, which is primarily an issue in summer.  We are still monitoring ozone so we can see how it changes seasonally, but our focus on the December project was on particulates.

The method for the particulate study we carried out in December was follows: five readings a day of GLOBE cloud measurements, fog, rain, temperature, humidity, ozone, pH, and particulates were recorded.  These readings were taken every two hours; however, ozone and particulates were reduced to three times a day because of the time required to take the measurements.  The data that is being presented was collected from December 15, 2002 through December 30, 2002, minus December 25th, because of the holiday.  We were planning to use GLOBE aerosols protocols as well, but we just weren’t getting clear enough days.  We did take a few sets of aerosols readings, but they are not included in this report.  Solar noon GLOBE atmosphere measurements were taken each day at the school weather station.  
Equipment used for this method include:

Globe Equipment:

* Thermometer

* pH meter

* Ozone reader and paper

* Rain gauge

*Cloud type chart

Other Equipment:

* Petroleum jelly

* Double Stick Tape

* Microscope slides

* Cardboard

* Digital microscope

* Plastic Ziploc Bags

Procedure:

Weather day experiment:

Five times a day was the goal for data collections during the following times:  

8:30 am, 10:30 am, 12:30 pm, 2:30 pm and 4:30 pm (not all this data was collected)

During the duration of the collection process, the following data was collected:

1. 
An ozone reading was taken using the GLOBE protocol for the collection of ozone.

2. Cloud cover and cloud type was determined using GLOBE protocol.

3. Fog level was recorded.

4. Presence or absence of rain was recorded. 

5. Current air temperature to the tenths place in degrees Celsius was recorded.

6. % relative humidity was recorded by using the GLOBE hygrometer.

7. A “Particulate-Catcher” was made and used to collect particulates.  A “Particulate-Catcher” is made by cutting out a piece of cardboard that is about 14 cm X 18 cm and the current date and time is to be written on it.  Then, using a clean forefinger, spread a thin layer of petroleum jelly on the entire surface of the slide.  On another microscope slide place a 2 cm piece of double-stick tape in the center by stretching the tape across the slide but not touching the center of the tape.  Tape the two slides, side by side, to the cardboard.  Next, get into a car that has a fairly safe driver and have them drive you exactly 1.6 km with your hand held horizontally out the window and hold the slide facing forward.  Drive 55 km per hour on 18th Ave. in front of Kingsburg High School.  Stop at the traffic light if light is red.  After completing the distance, put a cover slip on each slide so no other particulates invade the slides. The slides and cardboard must be sealed in a plastic bag so no contamination is possible.

8. To count the particulates a particulate slide must be removed from its bag and placed on the stage of the digital microscope.  Particulates are measured by counting the number of them seen on the slide through a digital microscope on high power connected to a computer using Motic software.  Data is the number of particulates per field of view.   On this instrument, the sizes of the particulates can be measured using Motic software.  Jpeg images are taken of many of the slides.  One must focus on the slide under high power, 400X, and average data from three randomly-selected fields on each slide.  Particulates data then is the average number of particulates per high power field of view.  Particulates were traced off the screen onto transparencies and then photocopied to have a permanent representation of the data.  Photos were taken of many slides, but due to the large number of slides, the number of photos would have been very memory intensive, so the tracing method was used instead to measure sizes of particulates.  The field of view was 280.7 um X 209.6 um, so the area of the screen was 58,835 um2.  Therefore, averaged data was average number of particulates/58,835 um2.  We are reporting the average number per field for our statistics.

9. Results were recorded on a data sheet for later analysis.

Yosemite ozone/particulate comparison experiment:

Particulates were again collected using this method in Kingsburg while class members went to Yosemite, January 18-22, 2003.  Students in Kingsburg and students in Yosemite both monitored the particulates using an Access Monitor.  The students in Kingsburg also used the “Particulate-Catcher” method to collect particulates to compare the results of the particulate readings from the ACCESS monitor and particulate readings on the microscope slides.

Data from the ACCESS monitor stores over a week’s worth of data points, collected each minute.  This data can be transferred to a spreadsheet program and analyzed.

The ACCESS Monitor we are using in Kingsburg included the following sensors and the units used included:

Barometric Pressure 
in.-Hg

Carbon Dioxide
ppm

Carbon Monoxide
ppm

Ozone


ppb

Particulates

uG/m3

Relative Humidity
%

Solar Irradiance
W/m2

Temperature

Deg. F

Wind Direction
Deg.

Wind Speed

mph

The ACCESS Monitor we are used in Wawona included the following sensors and the units used included:

Carbon Dioxide
ppm

Carbon Monoxide
ppm

Ozone


ppb

Particulates

uG/m3

Relative Humidity
%

Temperature

Deg. F

Wind Direction
Deg.

Wind Speed

mph

Dairy/KHS comparison of particulates:
A variation of the “Particulate-Catcher” protocol was devised for the dairy project because this experiment required data collection from a specific location.  The slides with petroleum jelly were used as before, but an instrument was constructed to collect the particulates on the slides.  Instead of driving, the students twirled the catcher one rotation per second for 60 seconds.  A cover slip was then placed on the exposed slides to prevent distortion of the data.  The particulates were counted as before, but this time a ruler was made for measuring the particulate sizes.

The two areas were compared around noon whenever we could send students out to the dairy to collect the data.  Data was collected at KHS and the dairy at similar times.  Both ACCESS monitors were up and running at both sites, so particulate data was compared between monitors as well as with the particulate-catcher method. 

Comparison of particulates and ozone methods studies:

Data using both “Particulate-Catcher” method and ACCESS Monitor both already described was compared.  And GLOBE ozone protocol and Air Resource Board Monitor data were compared.

STEP 4: DATA SUMMARY

We have individual data sheets for all project data collected, stored at our school.  

Data reports from the ACCESS monitor are also stored at our school.  

STEP 5: ANALYSIS and CONCLUSIONS

This analysis was done on the data collected to answer the question: Do different types of weather conditions correlate with the amount of particulates in Kingsburg air in winter?

Particulate Matter and Weather in Kingsburg, December 15-30, 2002

Testing our hypothesis of whether types of weather correlated to amounts of particulate matter and ozone proved difficult because weather type (categorized as clear, cloudy, overcast, rainy, and foggy) is categorical data and can’t be statistically compared to numerical data.  Therefore all we had to compare was our own interpretation of the graphs, and since our data for particulates was full of gaps and inconsistencies, we couldn’t draw any definitive conclusions from the data.  Nevertheless, we compared many different types of data to ozone and particulates, and this is what we found.
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Figure 2

This graph compares particulate matter from our handheld method to the types of weather we had originally established when we started the project: clear, cloudy (isolated, scattered, or broken), overcast, rainy, or foggy.  The only particulate reading on a clear day had an extreme outlier of 22.67 which we threw out because it greatly skewed the data and was most likely the product of an inconsistency in data gathering.  The comparison with particulate matter had little result – fog appears to cause a higher amount of particulates, perhaps because the stagnation of air and the collection of condensation near the valley floor traps particulates near the ground, but we had only one foggy day with particulate data, so we can’t really be sure if it is significant.  The other averages on the graph are too close together to draw any conclusions, especially because of the low amount of data points for comparison.
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Figure 3

This graph compared ozone to the same types of weather data, which turned out more visible results.  A general trend of greater ozone on days with fewer clouds could be attributed to the fact that the production of ozone is a photochemical reaction and fewer clouds allows more sunlight to reach the lower atmosphere and cause these reactions.  Rain removes sources of ozone such as nitrogen dioxide from the air, which could explain why there was no ozone on rainy days.  Finally, the fog data was only one measurement again and thus was not a reliable measure for comparison.
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Figure 4

This graph compared the averages of particulates for each level of cloud cover.  We had to throw out the same outlier for clear, which was, again, the only measurement.  There seems to be a trend of less particulates with more cloud cover but overcast throws that theory off and again, there aren’t enough measurements to really be certain.
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Figure 5

This graph, comparing cloud cover to ozone, doesn’t seem to show any patterns or trends whatsoever and can be chalked up to pure randomness among a small group of data.
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Figure 6
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Figure 7

These graphs, Figures 6 and 7, compare particulate matter to cloud type and, further, to cloud categories based on altitude and rain.  Few conclusions can be derived from these graphs, though rain clouds seem to be correlated with lower amounts of particulates
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Figure 8


[image: image9.wmf]Cloud Category vs. Ozone

0

0.5

1

1.5

2

2.5

Low

Middle (Alto)

High (Cirro)

Rain (Nimbo)

Cloud Category

ppb Ozone


Figure 9

Comparing cloud type to ozone, Figure 8, showed much more of a visible result.  Ozone seems to correlate to higher altitude clouds, Figure 9, which can be expected to cast smaller shadows on the ground and block less sunlight from causing the photochemical reactions that form ozone.  Rain clouds were correlated with no ozone whatsoever, which goes along with our earlier point that rain removes certain sources of ozone from the air, as well as blocking sunlight from reaching the lower atmosphere.

We went on to compare particulates and ozone to temperature and relative humidity, and since these are both numerical measures, we were able to use statistical analysis.  By graphing these measurements directly against particulates, we found the correlation coefficient of a least-squares regression line to see if there was a cause-and-effect relationship between them, but the data was randomly scattered and we found less than a 0.01 value for our correlation coefficient, which is on a scale of 0 to 1 (or –1) and for which 0.0 to 0.3 reflects a weak correlation.  The tests between the two measurements and ozone showed a little more of a correlation.
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Figure 10
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Figure 11

These graphs show temperature and humidity graphed directly against ozone, with a line of best fit found by a TI-83 graphing calculator.  The correlation coefficient (r) between temperature and ozone was 0.25, which still reflects a fairly weak correlation.  The r2 value of .06 is interpreted to mean that 6% of the observed change in ozone could be described by temperature.  For humidity, the r value was –0.29 which shows a slightly stronger but negative correlation, meaning that an increase in humidity causes a slight decrease in ozone.  The r2 value of .084 similarly shows that 8.4% of the observed change in ozone could be attributed to relative humidity.

Overall, the data was difficult to draw conclusions from due to three problems:  

1. We couldn’t use statistical analysis because we were using categorical data instead of numerical data for most of the tests in this hypothesis, 

2. It was difficult to collect a lot of data on rainy and foggy days since they are so rare, and large amounts of measurements are needed to draw any conclusions, and

3.  The accuracy of our handheld Particulate-Catching method was questionable itself since analysis on that part of the project showed no correlation between ACCESS Monitor particulate data and the particulate data of our method.

.

_______________________________________________________________________

We will now examine our questions:  Is there a difference between the ozone levels in Yosemite and Kingsburg January 18-22, and do the ACCESS ozone data correlate with the ozone data taken using GLOBE protocols?
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Figure 12
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Figure 13

Looking at the ACCESS Monitor printouts, Yosemite has much higher readings of ozone than Kingsburg January 18-22, 2003.  Kingsburg ozone levels appear to correlate well with solar irradiance and temperature (not shown).  There is no ozone at night.  Wawona ozone levels are not only much higher but occur at night.  The “Last Gasp” report indicated that during the night, NO2, SO2, and CO, will react with ozone, taking it out of the air, but because Yosemite does not have high levels of these pollutants, they are not taken out of the air up there, but instead, they accumulate.  We have read that ozone rises at night with air currents.  This is consistent with our results.  

To test our hypothesis of whether ozone and particulates are higher in Yosemite or Kingsburg, we compared ACCESS Monitor data from the four days it was operating in Wawona to the same days of ACCESS data in Kingsburg.  To follow proper statistical analysis, we set the following null hypothesis, alternative hypothesis, and alpha level for ozone to perform a 2-sample T-test:

H0: µ1  µ2
This null hypothesis states the probability that µ1, the average ozone level in Kingsburg, is greater than or equal to µ2, the average ozone level in Wawona.  The null hypothesis is what we try to disprove with statistical analysis so that we can accept our alternative hypothesis.

Ha: µ1  µ2
This alternative hypothesis reflects our actual hypothesis:  that ozone is higher in Wawona than in Kingsburg.  We will have to disprove the null hypothesis to accept this one.


a = .05

a is the alpha level of the test, or the lowest probability we will accept as significant.  For example, if the probability of the null hypothesis is .10, we can’t reject it because it is a significant possibility, but if the probability of the null hypothesis is .01, we can reject the null hypothesis because it is highly unlikely.

Next, we had to find the probability of the null hypothesis.  Plugging the mean (x), standard deviation (s), and sample sizes (n) of the ozone data in Kingsburg (1) and Wawona (2) into the equation t = ( x2 - x1 ) / ( s1 / n1 ), we can find a t-score that can be converted into a percentage.  The resulting t-score of 350.25 is so high, however, that the probability would be several hundred zeroes after the decimal, and the graphing calculator just said the probability was 0.  Statistically speaking, this means that the chance that our results are due to randomness and are not actually significant is almost 0% (since our sample size is as high as five thousand pieces of data, our results are extremely accurate).  Since 0 is well below our alpha level of .05, we can reject the null hypothesis and accept the alternative hypothesis that ozone is indeed higher in Wawona than in Kingsburg.

Using a similar process, we used the ACCESS data for PM10’s in Kingsburg and Wawona to test our hypothesis that there is more particulate matter in Kingsburg than Wawona.


H0: µ1  µ2

Ha: µ1  µ2

a = .05

Plugging the data into the same equation, we found a t-score of –27.64 (the negative number this time is just because µ1 is lower than µ2).  While not as extreme a t-score as last time, this t-score still converts to a 0 on a calculator that rounds to ten decimal places, and still allows us to reject the null hypothesis and accept the alternative hypothesis that PM10’s are more prevalent in Kingsburg than Wawona.

So the next question to answer is what do these results mean, and what causes would make ozone higher in Yosemite while particulate matter is higher in the San Joaquin Valley?

The conclusion we came to for ozone is that since ozone travels up the mountains with warm updrafts, it settles down in valleys such as Yosemite Valley and Wawona during the nighttime and is kept there by an inversion layer.  The next day, more ozone is brought up into the mountains and settles in the mountain valleys at night, compounding the problem as little ozone is able to escape.  As mentioned above a possible reason why ozone is lower in the Kingsburg is that reactions with other air pollutants tend to combine with the ozone and remove it from the air, and the San Joaquin Valley has far more of these air pollutants than Yosemite.

The conclusion for why particulate matter is higher in the valley is simply because we produce much more of it here in the valley in all sources from industrial to agricultural to vehicles, and since particulate matter is much denser than other forms of pollution, it stays locked with the denser cool air that falls to the valley floor at night and doesn’t rise up into the mountains in the quantities that ozone does.

Concerning the question:  Does the GLOBE ozone method correlate to the ACCESS Monitor ozone method?
To test our hypothesis of whether our GLOBE method of taking ozone data was accurate when compared to other methods of ozone tests, we planned to take handheld ozone data every hour during the daytime for several days and compare this data to ACCESS Monitor ozone data on the same days.  After taking the time and effort to collect all these dozens of measurements, however, we found that the ACCESS Monitor had unexpectedly shut down and hadn’t been collecting ozone data during those days.  Instead of repeating the entire process over again, though, we chose to compare our handheld data to the ozone measurements of the nearby Air Resource Board monitor in Parlier, 10 km northeast of Kingsburg.

Now, since we were comparing ozone data between Kingsburg and Parlier, we had to expect there to be some difference in ozone levels between the two areas, and we wanted to preclude this difference from our testing; after all, we wanted to know if the ozone data under both measurements followed the same trends, NOT whether ozone levels were the same in Kingsburg and Parlier.  To accomplish this we chose a statistical measurement that only measures whether two sets of data seem to be directly related to each other, often used to test cause-and-effect relationships: the correlation coefficient of a least-squares regression line.  Simply put, we would graph Kingsburg data on one axis of a graph and Parlier data on the other axis, find the line that fit best through all the data points, and find out how distant the points were from this “line of best fit.”

Fortunately, a typical graphing calculator can perform all of these actions with one simple command, so we entered all the data points into a TI-83 and had it calculate a least-squares regression line.  The following graph shows all the data points along with the line of best fit.  The calculator also automatically calculated the correlation coefficient, or r, which is a number from –1 to 1 that reflects how strong a correlation exists between the two variables.  The basic traits of r-values are that negative numbers reflect that the relationship between the two variables is inverse (one increases as the other decreases), a value of one (or negative one) reflects the strongest correlation, and a value of zero reflects no correlation.  As a standard measure, 0.0 to 0.3 is considered a weak correlation, 0.3 to 0.7 is a moderate correlation, and 0.7 to 1.0 is a strong correlation.  The r-value from our data was a .797, which reflects a fairly strong correlation between the ozone data collected by our handheld device and the data taken by the Air Resources Board in Parlier.

Since our r-value is relatively high, we can assume that our hypothesis is correct and that our GLOBE ozone protocol measurements were fairly accurate as compared to Air Resources Board data.
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_______________________________________________________________________

Regarding our fourth question:  Is there a difference between the particulate levels (PM2.5) at Kingsburg High and a local dairy?

To test our hypothesis that ozone and particulates would be higher at the Lemoore dairy than at Kingsburg High School, we used a 2-sample T-test to compare ACCESS Monitor data from the two areas.  Due to unknown reasons, the ACCESS Monitor didn’t take ozone readings during the duration of time it was at the dairy except for a brief period of time when the ACCESS Monitor at KHS wasn’t recording data, so we couldn’t compare ozone.  We performed the following statistical analysis for particulate matter (this statistical test is described in more detail in the analysis of KHS data vs.Yosemite data):

H0: µ1 µ2

Ha: µ1 µ2

a = .05

Plugging the data into the equation t = ( x2 - x1 ) / ( s1 / n1 ), we get a t-score of about –33.51.  Since we’re looking at all the possibilities greater than this number, there’s almost a 100% chance that the null hypothesis is true, and since this chance of just about 1.00 is far greater than .05, we obviously cannot reject this null hypothesis.  This means that our hypothesis is false and that the average amount of particulate matter at the dairy is lower than the average amount at KHS.

Looking at the graph, Figure 15, in Kingsburg we see lots of variation and peaks, but the particulate level at the dairy is much more stable and lower than at KHS.  One of the reasons our hypothesis may have been wrong is that, as we learned, the reactions that create particulate matter occur when ammonia from animal waste combines with nitrogen oxides from vehicle exhaust, which would likely occur on roadways downwind from the dairy and the ACCESS Monitor.  A retraction later posted in the Fresno Bee stated that cow waste is not as big a source of air pollution as the Last Gasp article had stated, so another possible explanation for our hypothesis being wrong was that it was based on incorrect information.  Certainly, it seems there is far more particulate matter in the city of Kingsburg than out in the country at a dairy, showing that cow waste is most likely a minor source of particulates as compared to vehicle exhaust and urban waste.
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______________________________________________________________________

Concerning our final question:  Does our particulate-collecting method (#particulates/field of view) correlate to the ACCESS Monitor method of collecting particulates (ug/m3)? 

The “Particulate-Catcher” method compared below, Figure 16, was the second hand method described, the spinning device.  This data was compared to the PM2.5 particulates collected by the ACCESS monitor.  The paired bars represent data collected on days when both the ACCESS data and hand method were carried out.  Bars representing the ACCESS data, which is collected every minute, was the mean of all data collected within an hour of the time the hand method was carried out.  The hand method numbers were from an average of three fields of view.  So we are comparing ug/m3 from the monitor to # particulates/ field of view from the hand method.  The left y-axis is for the ACCESS data and the right y-axis is for the hand method in # particulates/field of view.  We did not expect exact overlap between the two methods but did expect that the ups and downs of the graphs would be comparable.  They were not.  
Our statistical analysis indicated that there is a weak negative correlation between the ACCESS Monitor particulates and the hand method for collecting particulates.  A negative correlation shows that the more particulates one method finds, the fewer particulates the other method finds, which obviously shows that there was no relationship between the two methods.  This data does not support our hypothesis because our method doesn’t seem to be accurate as compared to the ACCESS Monitor, which we consider a reliable source of data.  The possible reasons that our method was inaccurate were as follows: 

1. The ACCESS Monitor measured particulates by mass per volume (micrograms per liter), and since our method counted them by number of particulates per area, there was no real way to compare the two, other than by using the line-of-best-fit test which showed the negative correlation.  

2. The methods of collecting, preparing, and counting the particulates were performed differently by different people and each had a significant effect on the results.  

3. The time-consuming hand method of catching particulates wasn’t performed often enough for us to have significant amounts of data to compare.
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STEP 6: DISCUSSION

As stated in the conclusion section for the first question we will reanalyze our results as stated, which will enable us to draw more complete conclusions.  Our experience will allow us to further refine our methods.  Next time we will statistically analyze only the set of data that included particulates from our analysis of weather conditions so we won’t have as many “blank” data.  

Students counting particulates noted very large particulates in the January data, at a time when there was a huge wood chip fire in Fresno.  This fire has been burning for over two weeks and has left Fresno school children indoors for many of those days because of the danger posed by particulates.  We will look more closely at our slides and our ACCESS data to see if we see a trend in particle size during that time here in Kingsburg, twenty miles south of Fresno.     

Since we have learned from our research that cow waste reacts with other air pollutants to create PM2.5, the small, more potentially dangerous particulates, we will: 

1. set up the second ACCESS monitor downwind of one of the local dairies and compare the readings to the monitor we have on our roof at the high school in town, uploading and comparing the data one week at a time; 

2. work on perfecting our “Particulate-Catcher” protocol by using a new variation of it; 

3. continue our attempt to validate the GLOBE ozone protocol by comparing with the dairy and high school ACCESS monitors; and 

4. attempt to see if there is a relationship between the ACCESS data and the GLOBE aerosol protocol.  
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Kingsburg

Wawona

Minutes

Micrograms of PM10's per cubic meter

Particulate Matter in Kingsburg vs. Wawona from 1/18/03 to 1/22/03
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Kingsburg

Wawona

Minutes

ppb ozone

Ozone in Kingsburg vs. Wawona from 1/19/03 to 1/22/03
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KHS

Lemoore Dairy

Minutes

Particulate Matter

Particulate Matter in KHS vs. Lemoore Dairy
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				3		3		3		3				0		3

				4		5		3		5				0		5

				3		4		3		4				0		4

				3		5		7		5				0		5

				2		5		2		5				0		5

				2		5		4		5				0		5

				2		6		3		6				0		6

				3		4		3		4				0		4

				3		3		3		3				0		3

				3		3		2		3				0		3

				3		3		3		3				0		3

				3		3		3		3				0		3

				4		7		2		7				0		7

				5		6		2		6				0		6

				4		7		2		7				0		7

				4		7		3		7				0		7

				3		7		3		7				0		7

				3		7		3		7				0		7

				4		7		3		7				0		7

				5		7		3		7				0		7

				5		7		3		7				0		7

				5		7		3		7				0		7

				5		7		3		7				0		7

				5		7		4		7				0		7

				4		5		4		5				0		5

				4		6		3		6				0		6

				5		6		3		6				0		6

		AVE		5.2479821876		6.2109657668		14.398413582		6.2109657668

		STDEV		6.0673590814		2.5908677326		20.7167872184		2.5908677326

		COUNT		7185		7185		7185		7185
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