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Student workbook

This resource was developed by Scott Chambers and the ANSTO Discovery Centre.
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Air pollution and traffic density in Richmond 2016
Background (by Scott Chambers)

Radon-222 is a naturally-occurring, radioactive gas that is part of the Uranium-238 decay
chain.

4.5x 10’ years . o _U\rinium-zas
24.5 day . ,8 Thorium-234
1.14 minutes . ’B Protactinium-234
2.33x 10° years . a Uranium-234
83x10°years @ ¢ _\lhorium-zso
1,590 years . (04 _\iadium-ns [ :Beta radiation
3.83 days . o ‘\iadon-zzz
3.05 minutes ‘ 104 _\Polonium-zla
26.8 minutes (@) ,B Lead-214

Half-life 19.7 minutes @) ,8 Blsmuth 214
1.5 x 10 seconds ‘ a XPolomum -214

22 years . ﬂ _\lead -210
5 days . IB Bismuth-210
140 days O a Polonium- 210

Stable O\ Lead-206

O :Alpha radiation

Since Uranium-238 has a half-life of around 4.5 billion years it is found in almost all rocks
and soils (but not water). Since radon is a gas it can escape from the ground into the
atmosphere, but it is a noble gas, so it doesn’t chemically react with anything, and it does not
dissolve easily in water.

Because radon comes only from land, not water, and does not react with other things in the
atmosphere, makes it a very good “tracer” of what air is doing, and where air has been.

Climate scientists like to look at long-term (10s to 100s of years) changes in concentrations
of “greenhouse gases” (like carbon dioxide, methane and chloro-fluoro-carbons). But they
want to measure these changes in air that is as clean as possible; air that is very well mixed,
and has not been near cities or factories for a long time. By measuring very low levels of
radon (sometimes down to 5 atoms per litre ... that is about 5 in
10,000,000,000,000,000,000,000 atoms) we can tell if a certain bit of air has touched a
pollution source on land within the last three weeks. ANSTO radon detectors are the best
radon detectors in the world!

Some pollution scientists like to know where pollution has come from, and how much that
pollution might get mixed or diluted as it moves from one place, over the ocean, to another
place. Because no radon comes from the ocean, and we know how much radon is coming
from land, if we measure radon at the same time as other pollutants at remote places like
Antarctica or Hawaii, we can use radon to help tell us about where the original pollution
source was, and how strong it was.
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Other pollution scientists like to find out how the atmosphere helps to mix and dilute
pollution. On large scales, some clouds (like convective cumulus clouds) act like big vacuum
cleaners, and “suck” pollution up from cities and mix it far up into the troposphere (8 to 12
km up!). Other clouds, like blankets of stratus clouds, don’t let the pollution mix very high at
all. By using small aeroplanes to measure the change in concentration of radon as you go
away from the ground (e.g. from the ground up to 4000 m), we can tell how well different
atmospheric processes are diluting pollution.

Another thing that controls pollution in cities is the wind speed. Sometimes on cold autumn
or winter nights, when there are no clouds and no wind, when you wake up in the morning
and look at the city it might be covered in a layer of brown haze. This is because a lot of
pollution from the city — mainly from cars and trucks — is being trapped within a shallow
“inversion layer”. This means that the pollution can only mix in a very shallow layer near the
ground. By measuring the change in radon concentration near the ground (at about the
height of your head as you walk around), we can learn a lot about how mixing in the
atmosphere can change the concentrations of pollution that we are exposed to each day. It
also helps us to be “atmospheric policemen”, who can tell whether certain areas are
producing more pollution than they should.
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Hourly observations of meteorology, a few trace gas pollutants, Radon-222 concentration and traffic density were collected from the University
of Western Sydney (Richmond Campus) in 2016. More detailed information about methods used is available in Chambers et al. 2015.

Results

The data collected has been recorded in a large excel sheet. We suggest you take the time to read and understand what each column contains
(hover your mouse over the column heading to reveal more information). We’ve also summarised the different types of data collected in the

table below:

Air pollution indicators Meterological indicators Traffic Atmospheric mixing indicators Time and date
density
Nitrous oxide (NO) (pphm) Ambient temperature (°C) Total cars Radon (Bg/m°) Day of the year
Nitrous dioxide (NO,) (pphm) Relative humidity (%) Total trucks | Fetch (advected) component of radon Decimal day of the
observation year
NOyx (NO + NO) (pphm) Wind speed (m/s) Diurnal (mixing-related) component of Month

radon observation

Ozone (O3) (pphm)

Wind direction (degrees)

StabCat (Atmospheric Stability Category)

Day of the month

Sulfur dioxide (SO,) (pphm)

Standard deviation of wind
direction

Day of the week

Particulate matter (<2.5um)
(ug/m®)

Atmospheric pressure (hPa)

Hour of the day

Particulate matter (2.5-10um)
(ug/m®)

Public holidays

School holidays
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Task 1:

Pivot tables are a helpful feature in Microsoft Excel that allows you to analyse different
variables in a large data set.

1. Highlight the whole data set. Go to Insert > PivotTable to insert a PivotTable in a
new worksheet.

2. From the PivotTable Field List, drag Season to the Report Filter box, Time to the
Row Labels box, and Ta°C to the Values box. This will create a PivotTable in the
worksheet with two columns.

3. Click on the drop down arrow on the Ta°C in the Values box and select Value Field
Settings > Average.

4. Inthe PivotTable in the worksheet, select Autumn from the Season drop down filter.
Your PivotTable should now have two columns, the first labelled Row Labels with
numbers 0 to 23, and the second labelled Average of Ta°C. This table represents
the average ambient temperature for every hour of the day in Autumn, with “0”
representing 12am, “1” representing a 1am, and so on.

5. Make a line graph, like the one below, to illustrate hourly ambient temperature on an
average autumn day:
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a) Describe how the temperature fluctuates over the course of an average autumn
day
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Task 2:

Modify the PivotTable in Task 1 to display hourly radon concentrations on an average
autumn day. We have selected autumn, because days in autumn tend to be very still and

1. Delete Average of Ta°C from the Values box in the PivotTable Field List. Drag
Radon into the Values box and use the dropdown arrow to select Value Field
Settings > Average. You should now have a PivotTable with two columns, the first
labelled Row Labels with numbers 0 to 23, and the second labelled Average of

Radon.
2. a) Make a line graph to illustrate hourly radon concentration on an average autumn
day
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b) Describe how radon concentration fluctuates on an average autumn day

¢) The source of radon is from rocks in the ground, and this does not change over the
course of the day. After reading the background information, can you propose why
radon concentrations show this pattern of change during the day?
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Scott has described the atmospheric stability of each day of the year with a “Stability
Category” (StabCat). A stability category of 4 are nights with the lowest wind speed and
coldest temperatures, and StabCat 4 was allocated to the 25% of days in the year with the
most stable atmosphere. A stability category of 1 are nights with the strongest wind speeds
and hottest temperatures, and a StabCat of 1 was allocated to the 25% of days in the year

with the least stable atmosphere.

1. Modify the PivotTable from Task 2 by adding StabCat to the Report Filter box. Use
the dropdown arrow next to the StabCat field to display hourly average radon
concentrations for days with different StabCat values.

a) Make a line graph to illustrate the hourly average radon concentration for days
with StabCat ratings of 1, 2, 3 and 4.
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b) Explain why the daily pattern of radon concentration is different for each StabCat

value.
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Task 4:

1. Modify the PivotTable from Task 3 by removing Average of Radon from the Value
box in the PivotTable Field List. Drag NO_pphm into the Value box and use the
dropdown arrow to select Value Field Settings > Average. You should now have a
PivotTable with two columns, the first labelled Row Labels with numbers 0 to 23,
and the second labelled Average of NO_pphm. Use the dropdown arrow next to the
StabCat field to display hourly average NO concentrations for days with different
StabCat values.

2. a) Make a line graph to illustrate the hourly average NO concentration for days with
StabCat ratings of 1, 2, 3 and 4.
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b) Explain why the daily pattern of NO concentration is different for each StabCat
value.
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Task 5

Note: This time you will be creating your own appropriate PivotTable without step-by-step
instructions.

1. Make the following graphs:
a) Number of cars during an average day in autumn
b) Concentration of NO during an average day in autumn
¢) Concentration of radon during an average day in autumn

N.B. The air pollution monitoring equipment auto-calibrates itself at 1lam every day. We
recommend copying and pasting the value you have for 0 hours into the blank space for 1
hours, to ensure your graph is continuous.
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the shape of the NO concentration graph
match the shape of the total cars graph?
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3. Make the following graphs:
a) Concentration of NO, during an average autumn day
b) Concentration of ozone during an average autumn day
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4. Why are the shapes of these graphs different to the NO concentration graph?
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