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Resources Related to the Chemistry of Air Quality

Building on the introductory atmospheric chemistry work done with the high school
research students, YS and ASB, an analysis of ozone (O3) and nitrogen dioxide (NOy) data
collected by the Canadian government has been added to our first-year lab curriculum. In
doing so we produced a video explaining some aspects of the chemistry of air quality

(https:/ /play.library.utoronto.ca/1f19e6aa27d9c50e551ee8848292fe7c). The video describes

the chemistry that produces tropospheric Oz and its relationship with nitrogen dioxide NOg,

which is described by reactions [1] to [3] below.

NO, + photon —» NO + O [1]
0+ 0, = 04 [2]
0; + NO —» 0, + NO, [3]

Unfortunately, at this point there are no low-cost sensors for the analysis of NO, but this
introductory discussion of the chemistry of air quality is useful for understanding the
production of O3z outdoors for this lab experiment.

Background information on the chemistry of air quality provided to the CHM410-1410

students can be found in the CHM410-1410 Lab Manual. Appendix 2 of the lab manual

includes resources for accessing air quality data from the provincial and federal governments.

Additional instructions for the TAs are also included here and additional background on the

chemistry of air quality can be found in Appendix 2 of this document.

Resources Related to Data Analysis and Visualization

Many students come to CHM410-1410 with significant Excel skills; however, a surprising
number are not confident using the spreadsheet software. For this reason, Appendix 3 of the

lab manual includes Excel tips and tricks for making useful plots.


https://play.library.utoronto.ca/1f19e6aa27d9c50e551ee8848292fe7c

Writing Resources and Marking Scheme

At the outset of the semester students were provided with an annotated journal article to

help them understand the structure and flow of the report expected. They were also provided

with an incredibly detailed report marking scheme that the TAs used explicitly when grading

the lab reports. The learning objectives of the lab are explicitly included in this scheme. In the
Results & Discussion section there are 7 (out of 100) marks allocated to “Presentation of data:
Judicious use of tables & figures that summarize the important results” and 5 marks to
“Referred to and used tables or figures when discussing results”. These prompts are meant to
ensure students include their visualizations in the report and understand their purpose in
terms of illustrating the “story” of the report to the reader. There is also 5 marks allocated to
“Compared data to background literature” so the role of scientific literature is the report is clear

to students.



Yusra Saifuddin’s Poster

The poster below was presented at the 2019 Visions of Science summer showcase and the University of

Toronto Department of Chemistry summer research poster session.

Home Is Where the Air Is: The Effects of Ventilation Indoors

Yusra Saifuddin*, Laura Stirchak®, Jessica D'eond

* Visions of Science Network for Learning, Toronto, ON
¥ Department of Chemistry, University of Toronto, Toronto, ON

Infroduction

Chemistry in the indoor environment is not as well understood as the outdoor environment.
Itis influenced by factors such as lighting conditions, building design, use of the room and,
importantly, ventilation. In this study we explored concentrations of carbon dioxide, ozone,
and particles as markers of air quality both indoor and outdoor environments to better
understand factors affecting indoor air quality in a home in the City of Toronto.
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Results and Discussion
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* CO, concentration in an outdoor environment is
significantly lower than the indoor environment

* More ozone and particles are present outdoors in
comparison fo indoors

Human Activity
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Greater occupancy of a room increases CO,
concentration

Human activity such as cooking cause various shifts
in the amount and type of particles present

+ No ozone detected indoors

Sleeping

Door opened
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Air conditioning decreased the amount of CO, in
the room, likely because of increased ventilation
Sleeping in an occupied enclosed space resulted
in an increasing concentration of CO,

Opening a door increased the concentration of
particulate matter while simultaneously decreasing
the concentration of CO,

* No ozone detected indoors

air is a source of particles to this indoor environment

a useful marker of these two parameters

Conclusion

Increased ventilation increased the concentration of particulate matter, suggesting that in the summer outdoor
The concentration of CO, increased with occupancy and decreased with increasing ventilation, confirming it is

Different types of human activity have a large impact on the concentration of particles and CO,
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Lab 2: Measuring Markers of Polluted Air

Introduction

In 2015, the world health organization (WHO) passed a resolution addressing the health impacts of air
pollution (both outdoor and indoor). According to the WHO resolution, 4.3 million deaths occur each year
due to indoor air pollution and 3.7 million deaths can be attributed to outdoor air pollution
(www.who.int). People living in the developing world bear the brunt of this difficult situation, however
understanding air quality is relevant to everyone and concentrations present in the indoor environment
remain particularly poorly understood. In this lab you will use two types of air samplers to investigate the
atmospheric concentrations of three classes of chemical markers of anthropogenic contamination: CO,,
ozone (0s), and fine particulate matter known as PM3s.

In an outdoor environment with significant anthropogenic emissions, such as a city, concentrations of
these pollutants are determined by the sources present (e.g. emissions from vehicles, furnaces, power
generation...) as well as time of day as many atmospheric processes are driven by photolysis. Pollutants
emitted directly into the atmosphere are called ‘primary pollutants’ and those resulting from
photochemical reactions are called ‘secondary pollutants’. The situation is a little different in the indoor
environment as the primary pollutants from the off-gassing of compounds present in furniture, paints,
carpets, etc. are different than those from vehicles and typical outdoor sources and the lack of high energy
radiation from the sun limits photochemical processing. As part of the lab you will have to develop a
hypothesis related to air pollution (either indoor, outdoor, or both) and test it by sampling in relevant
environments.

You will be using two different types of air samplers during this experiment. The first type of air
samplers measure Oz and CO; separately. The O3 sensor is a gas sensitive semiconductor that uses
changes in resistance to calculate the concentration of O3 down to 0.001ppm. The CO; sensor is a non-
dispersive infrared sensor (NDIR), which uses infra-red light, a narrow band-pass filter and a photodiode
to measure CO; concentration via light absorption. The band-pass filter used in this NDIR sensors is
specific to CO; and has a resolution of 1ppm. Both the CO, and O3 sensors collect data with a resolution
of one minute.

The other personal air samplers you will be using are called AirBeams; they determine the real-time
concentration of PM;s by measuring the amount of scattered LED light. The AirBeam can also sample
relative humidity, temperature and noise. Relative humidity and temperature can provide supporting
information to help explain the chemistry of the environment, especially if a person is studying the
formation of secondary chemicals and their transport. The AirBeams record data with a resolution of
one second.

Background Information on Fine Particulate Matter (PM2.5)

Fine particulate matter is a complicated marker of air pollution as it can have multiple components and is
often a mixture of organic and inorganic substances. The AirBeams measure PM; s, which are fine particles
with a diameter of 2.5um or less. These small particles are of particular interest as they can penetrate
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deep into the lung and have serious implications for respiratory healthl. PM,s can be formed via primary
pathways (incomplete combustion, cooking etc.) or via secondary pathways, which consist of particle
nucleation via the condensation of low volatility compounds such as oxidized organics or the reaction of
gas phase acids and bases?™. These small particles are typically lost from the atmosphere via wet or dry
deposition.

Background Information on Ozone (0s)

Ozone is formed in the troposphere via the reaction of an oxygen atom with molecular oxygen (reaction
R2). The oxygen atom is typically formed from the photolysis of nitrogen dioxide (NO;) (reaction R1). NO,
is produced from the oxidation of volatile organics (VOCs) in the presence of NO, both of which are
emitted in vehicle exhaust. It is important to understand tropospheric ozone concentrations a it is one of
the main contributors to the negative health effects associated with air pollution and photochemical
smog.

NO; + hv (A <550 nm) 2 NO + O [R1]
0,+0 - 03 [R2]

The main source of ozone indoors is thought to be transport of outdoor Os inside. Other potential,
smaller sources include different cleaners, office equipment etc.*”

Background Information on Carbon Dioxide (CO>)

Carbon dioxide (CO,) is a product of fossil fuel combustion as well as cellular respiration. As it is not
chemically reactive it can be used as a chemical marker for human occupation and as a tracer for indoor
ventilation®°. Outdoor concentrations of CO, are typically between 350 and 450ppm, while indoor
environments which have good air exchange can range between 350 and 1000ppm. Higher concentrations
of CO; can lead to “stuffy” air and different health problems.

An example of how CO; can be used to calculate indoor ventilation can be found in the 2014 paper by
Turanjanin et al.® where they studied air quality in Serbian schools. Observed fluctuations in CO,
concentrations over time (dC/dt) (Eqn 1) were described by the inflow of air (Q*C,), defined as the air flow
(Q) times the outside concentration (C,), the outflow of air (Q*C(t)), defined as the air flow (Q) times the
indoor concentration at time t (C(t)), indoor emission sources (S), and chemical degradation k*C(t).

V%=Q*CO—Q*C(t)+S—k*C(t) Eqn 1

Equation 1 was then rearranged to calculate the Air Exchange Rate (AER), or the air flow (Q) over the
volume of the classroom (V) (Egn 2). This can be done by removing chemical degradation because CO; is
chemically inert and by removing sources of CO, by sampling when humans are not present.

AER =2 =21n S0%

t M o-c, Ean 2



The authors then measured CO; concentrations inside and outside the school. The classrooms were spiked
with CO; and the CO; concentrations were measured overnight. These concentrations were then entered
into Eqn 2 and the air exchange rates in each classroom were calculated.

Pre-lab Hypothesis Development and Sample Collection

In this lab, you will measure the concentrations of three chemical markers that are known to be indicators
for polluted air. You will have to develop a hypothesis that you will be able to test during the experiment.
It is best if you come up with potential hypotheses before you meet with the TA. For example, you could
hypothesize that the concentrations of PM; 5, CO; and Os will be higher in certain rooms of a house, based
upon the sources and sinks in each room, or test changes in concentrations with changes to the indoor
environment such as cooking or changes in ventilation by opening or closing certain doors. You can also
test changes in the concentrations of these chemical species as you move through your day or on your
commute. You can be as creative as you wish with these hypotheses. The only requirement is that your
hypothesis must include all three chemical markers.

Four days before you complete the lab a TA will come to class and meet with the two demo groups
performing Lab 2 that week to distribute the AirBeams, CO, monitor and the Oz monitor. The TA will
describe how to operate the different air monitors and answer any questions you may have about the lab.
They will also discuss possible hypotheses with you, and help you iron out the details of your sampling
plan. The suggested sampling time for each monitor is at least 1-2 hours. The AirBeams record data every
second while the CO; and O3 monitors record data every minute. Each monitor has a warm up time, with
the AirBeams and CO, monitor requiring approximately 15 minutes to warm up, while the O3 monitor
requires approximately 1 hour.

You are responsible for deciding on the best location and time of day for obtaining samples that will help
test your hypothesis, although you can certainly ask for the TA’s opinion. As you sample with the different
monitors please note of the time you began sampling, when you finished sampling, and the location(s) at
which you sampled. You should record in your notebook if anything relevant occurred during sampling
(e.g. cooking, cleaning, changes in ventilation like opening or closing doors or windows, walking by
construction sites or food trucks). You should also record in your notebook the name you gave to each of
your AirBeam sessions. For detailed instructions on how to use the different monitors, please see
Appendix I.

Pre-lab Assignment

1. Read all lab materials before meeting with your TA prior to the lab period so you are
prepared to discuss relevant hypotheses.

2. Come to lab with relevant sampling details (described above) recorded in your notebook. If
you were not present for sample collection be sure to obtain these details before coming to
lab.

3. Generate a hypothesis regarding the sources and sinks of CO,, O3, and PM3 s for your chosen
study area(s). Use this hypothesis to predict the results of your sampling campaign. (e.g.
what trends do you expect to see with your data?)



4. All three samplers will be calibrated before they are given to you. Is there a test you might
be able to do to prove to yourself that the monitors are providing accurate concentrations
of the different chemical markers?

Making Figures/Displaying your Data

During the lab period, you will be asked to analyze your data and begin to decide how to best present
your data. At least one of your figures should compare two of your data sets. You will have to decide which
combination will make the best “story”. During the lab period, everyone will display a figure they made,
and your group will talk about what they liked/disliked about each figure and what could be improved.
Your TA will help you make the figure in Excel, and there are instructions on how to put a secondary axis
on a graph in Appendix 3.

Report Questions

1.

Include at least one figure that provides the reader with a visual representation of your
experiment and resulting conclusions.

Within your report, comment on how the sampling rates of the various air monitors
affected the conclusions that could be drawn.

Include a “Future Directions” section in your lab report and be sure to answer the
following questions.

a. Isthere another measurement that would have been helpful in interpreting your
results?

b. If you were able to run this experiment again, would there be anything you would
change about your sampling technique and or/hypothesis?

Background References

http://www.who.int/mediacentre/news/releases/2015/wha-26-may-2015/en/

Finlayson-Pitts, B. J., Pitts, Jr, J. N. 2000. Chemistry of the Upper and Lower Atmosphere: Theory,

Experiments, and Applications, Academic Press. New York pp 547-566, pp 586-593

World Health Organization. WHO Air quality guidelines for particulate matter, ozone, nitrogen
dioxide and sulfur dioxide: global update. WHO Guidel. 1-22 (2006). doi:10.1016/0004-
6981(88)90109-6

Zhang, R. et al. Formation of Urban Fine Particulate Matter. Chem. Rev. 115, 3803—3855 (2015).

Abdullahi, K. L., Delgado-Saborit, J. M. & Harrison, R. M. Emissions and indoor concentrations of
particulate matter and its specific chemical components from cooking: A review. Atmos. Environ.
71, 260-294 (2013).


http://www.who.int/mediacentre/news/releases/2015/wha-26-may-2015/en/

Nguyen, K. & Dabdub, D. NOx and VOC Control and Its Effects on the Formation of Aerosols.
Aerosol Sci. Technol. 36, 560-572 (2002).

Weschler, C. J. Ozone in Indoor Environments: Concentration and Chemistry. Indoor Air 10, 269—
288 (2000).

Britigan, N., Alshawa, A. & Nizkorodov, S. A. Quantification of ozone levels in indoor
environments generated by ionization and ozonolysis air purifiers. J. Air Waste Manag. Assoc. 56,
601-610 (2006).

Zhang, J. & Lioy, P. J. Ozone in Residential Air: Concentrations, /0 Ratios, Indoor Chemistry, and
Exposures. Indoor Air 4, 95-105 (1994).

Coley, D. A. & Beisteiner, A. Carbon Dioxide Levels and Ventilation Rates in Schools. Int. J. Vent. 1,
45-52 (2002).

Turanjanin, V., Vucicevi¢, B., Jovanovi¢, M., Mirkov, N. & Lazovi¢, |. Indoor CO2 measurements in
Serbian schools and ventilation rate calculation. Energy 77, 290-296 (2014).



Appendix 1: How to Use the Air Samplers

The AirBeams

The AirBeams connect only to Android devices using an app called AirCasting. CHM410 has two Android
phones to use with the AirBeams, and these phones have been set-up to work with the AirBeams right
away. You may choose to use your own Android device, but that will require additional set-up steps.

How to use the BLU phone

1.

The power button on the phone is on the right-hand side of the phone and is the lowest
button of the three buttons. The other two are the volume controls for the phone.

There will be three buttons at the bottom of the screen when the phone is on. These are:
a. Atriangle pointing to the left. This is the go back button.
b. Acircle. This is the go back to the home screen of the phone button.

c. Asquare. This will let you see all the apps that you have opened, and by swiping
left on those apps you can close them out.

The button in the middle above the triangle, circle and square will let you see all the apps
that are installed on the phone.

The AirCasting app is on the home screen of the phone.

The Bluetooth and GPS should be on as soon as you turn the phone on, but in the off-
chance that they aren’t, they can be activated by “pulling down” from the top of the
screen. This should cause about 5 settings options to appear, and if you press on the
down arrow at the right of those 5 setting options, more will open. At the bottom of this
longer list are the Bluetooth and location buttons.

The phone and the AirBeam should have already been “paired.” But on the off-chance
that they aren’t, go to the Bluetooth page in the settings menu (click on the gear after
you have “pulled down” twice. This will open the settings menu, and from there click
“Bluetooth”. The phone at this point should start to search for available devices to pair
with. Turn the AirBeam on, and the red light should start flashing. The phone should
detect the AirBeam within a few minutes. Click “pair” and say yes when the phone asks
your permission to pair the two devices. After that, you should never have to pair the
devices on the Bluetooth page again.

Using the AirBeam

1.

Open the AirCasting App and click the “connect external device” option in the lower right
corner. Click “connect” to connect the device to the AirBeam. If you click the “pair new
device” option, this will take you to the Bluetooth settings page, where you can pair with
a new device (this is a nice shortcut).

Once you have been paired, the dashboard will now be ready to take data. You will see
that the session name (right under the Dashboard heading) will be called “unnamed”,
and below that you will see different sections titled “AirBeam-F”, “AirBeam-PM” and
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“AirBeam-RH”. These are the temperature, particulate matter and relative humidity data
sections, respectively. All of these should be grey.

3. Before you start collecting data, you may want to contribute your data to the crowd map.
To ensure that this option is activated, click on the three lines next to the Dashboard, and
then click settings. The first option will be “contribute to CrowdMap”. Make sure the box
next to it is blue with a white checkmark.

4. If you scroll down, you will be able to see other options that you may wish to use during
your sampling.

5. Click the back button to go to the Dashboard screen. Click the recording button up in the
top right corner (should look like a small blue circle inside a larger white circle. Once you
click that button, you will be asked to fill in session details. You should title your session,
but you don’t have to include tags if you do not wish to.

6. Now press the start button. You will find that the three sections now have coloured
circles (on the right-hand side of the screen). These circles will change color, depending
upon how high the measurement is (I’'m pretty certain this is somewhat arbitrary).

7. During sampling, you can make notes to yourself at various time points. To do this on the
app, click the button that looks like a pencil in a comment bubble. You should probably
record notes in your lab notebook and on the app, but this is up to you.

8. The AirCasting app will now give you 1-minute averages to the left of the last second
circles. | do not find this to be useful as it gets rid of a lot of the finer details. If you want
to look at one of the three types of data collected in real time. Simply tap somewhere in
that box, and box titled “Stream View” should pop up. You can then choose whether you
want to see your data in a graph or overlaid on a map (if you are not CrowdMapping your
data, this option may not be available). You can only see one type of data collected at a
time.

9. Once you are done sampling, click the stop recording button (small blue circle in a white
box). Everything should go back to grey.

Note: You can choose to disable your devices microphone so that the AirBeam does not record decibel
levels while you are sampling. This is done by going to the setting menu and clicking the option that
reads “Disable phone microphone.” You cannot disable any of the other sampling options.

Saving the Data

1. To export your data to your computer, click the three lines next to the Dashboard and
click the “Sessions” option.

2. Click on the session you want to export, and box entitled “Sessions Options” should pop
up. To share your data, click the “Share” option. You will be asked if you want to “share
link” or “share file”. The share link option only means that you will be able to see your
data on the website. To be able to work with your data, click the share file option. You
will have a choice of “save to Google Drive”, “Bluetooth” or “Gmail”. As more apps are
added to the phone, new options will become available.
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3.

If you choose the email option, you will be sending yourself an email using the CHM410
email. Your data will be attached as CSV inside a zip file.

Looking at Old Sessions

1.

If you want to look at older sessions on the AirCasting app, go to the sessions page, using
the instructions above and click on the session.

In the “Sessions Options” box, click the “Add to Dashboard” option and then go back to
the Dashboard page.

There you should see your data (everything will be in color). If you want to look at things
graphed, rather than in the 1-minute average format, you may do so.

You can have multiple old sessions available on the Dashboard if you want an easy
comparison.

Using the CO, and Ozone Air Monitors

Turning on the Monitors/Beginning Screens

1.

Press the power button on the left-hand side of the monitor for approximately 2 seconds
(or until the screen activates). The monitor should beep, and the opening screen should
say Aeroqual at the top with Monitor S500 V6.4 Lithium Battery.

This screen should be up for a few seconds, and then should change to a screen that tells
you what sensor is connected (CO, 5K or O3 VLOW). Below the sensor identity should be
the words “warming up” followed by an amount of time remaining in the warming up
period.

a. The two sensors take approximately 3 minutes each to warm up. No
measurements will be taken during this time.

There will be a small “M” and “L” below the bigger words. This is the monitor identity and
location identity.

a. Monitor 1 is currently connected to the CO; sensor.
b. Monitor 2 is currently connected to the O3 sensor

After the 3-minute warming up period, the instrument will move into the “stabilizing
period”, which lasts for 7 minutes. During this time, the instrument will flash the
measurement. Once the number stops flashing, the instrument has been stabilized.

NOTE: When the monitor is on DO NOT remove the sensor. This will cause the monitor to
shut down as this may damage the unit.
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Taking Measurements

1.

5.

To take measurements, click the “enter” button (shown as an arrow) on the top right-
hand side of the monitor screen.

Scroll down to “Max Min Avg” and click the enter button. This should make the option
“Start” show up on the right-hand side of the now highlighted “Max Min Avg”. Do not
press the enter button (this will turn that option off).

Now use the down arrow key to select “Logging Setup”. Click the enter key to select

a. The first option will be “Log Freq” you can choose whatever frequency you want,
but the lowest/fastest option is 1 minute (this is what the monitor is set to). Use
the arrow buttons if you want to choose a different frequency and click the enter
button

b. You will now be at the option “clear log”. You do not have to use this option (use
the arrow buttons to choose between yes or no). The logging memory will at
some point be used up. You will then have to clear the log at that time. Click the
enter button once you have made your selection.

c. You will then come to option “Logging”. To turn the logging function on, choose
“yes” (this may involve using the arrow keys). Then press enter. This will bring you
back to the main menu. Choose the “exit” option to back to the main screen. The
screen should now show the real time data, the max, min and average
concentrations. The data is collected every minute.

To turn off the logging function, especially at the end of your sampling time, simply repeat
steps 3a-3c¢, this time choosing “Logging off”.

NOTE: If using sensors with a gas/your breath, place the sensor head perpendicular to the
air flow to avoid sensor damage.

Retrieving Logged Data

1.

Download the free software from https://www.aeroqual.com/support/product-software.
Choose the option “Series 500 monitor PC software and follow the instructions to install
the software on your computer. The company will ask you to register yourself, use the
University of Toronto as your company name.

Connect the USB to monitor cable and ensure that your computer has downloaded the
necessary hardware (your computer should do this automatically).

Now open the software (entitled Aeroqual Series S500 Monitor Software V6.5), and then
click on the “File” button. Choose the first option “Search for connected monitor). NOTE:
the monitor in question must be turned on for this connection to be made.

A screen titled “Monitor Info” will pop up. Click “okay”.
Now go back to the “File” menu and click “Download Logged Data”. The data will

automatically begin to download. The USB connector will start to flash green and red.
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6. Once the data is downloaded, click the “File” menu and click “Export Logged Data”.

a. A window will pop up that asks you to choose what portion of the data you want
to export (includes date and time) so that you only need to choose the times of
certain sessions if you want to. Click “Export” when done. The data will be saved
as a CSV file (same as the AirBeams).

b. The data in the CSV file will consist of 4 columns (date time, monitor identity,
location identity and sensor readings). The location identity will only matter if you
want to keep track of where you sampled (for example if you were looking at CO»
in different rooms). Otherwise, you can delete those columns.

Turning the Monitor off

1. To turn the monitor off, press down on the power button for about 2 seconds. The
monitor will beep, and the screen will go blank.

2. Thereis also a standby mode, which can be used if you need to conserve power for a
short period of time between samplings. It basically reduces the warm up time needed
when you turn the monitor on again. To enter this mode, press the power button once.
There will be a special symbol in the top right-hand corner, which will only appear when
the monitor is in the standby mode.

NOTE: DO NOT REMOVE THE SENSORS HEADS
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Appendix 2: Additional Data Resources

If you collected samples outdoors it may be useful to use archived meteorological data to obtain additional
information that can assist you in your data interpretation.

OMECC Air Quality Ontario

The Ontario Ministry of the Environment and Climate Change (OMECC) has a website that reports real-
time and archived ozone measurements (www.airqualityontario.com). The website has information on
the Air Quality Health Index (AQHI) as well as provides hourly ozone (O3), PM,s and NO, data measured
at 39 different stations across Ontario (click on “Pollutant Concentrations” on the menu on the left of the
screen). You can locate the station closest to your sampling location and compare your results to those
reported by the OMECC. For example, high levels of ozone may correspond to high aldehyde levels since
they are both formed as products of photochemical reactions that produce smog. Therefore, if there are
high levels of ozone at night, this may explain your observations of high aldehyde concentrations even
though you hypothesized otherwise. Again, you must determine if the information from this website is
appropriate for analyzing your results.

AirCasting Website

The makers of the AirBeams have a website (http://aircasting.org) which includes an interactive map. At
the top left of the page, click on “map”. There are three types of maps available for you to look at: Fixed,
Mobile and CrowdMap. To look at your data, go to the Mobile map (at the top right of the screen, click
the Mobile tab), and then choose what sensor data you want to look at. To find your data, write
“CHM410” under profile names, and then look at the left-hand screen in the box labeled “sessions”.
Click on your desired session, and what sensor you wish to have displayed. The only way to get this
picture/map will be to do a screen shot and save it as a photo. You may find this option helpful as it lays
out concentrations as a function of your movements.
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Appendix 3: Excel Tips

Making a Secondary Axis

1.

Make your graph with the two data series and add your second data series to that graph
using the original axis.

Right click on the data series that you want to put on the secondary axis and click ‘format
data series’ at the bottom of the resulting menu that pops up.

a. NOTE: whichever data series you select as your primary “y” axis dictates your x-
axis. This becomes important if you are plotting Pm; s vs either CO2 or Oz because
of the variation in time steps.

In the gray box on the right-hand side of the excel window, there should be the option to
‘Plot Series On’ ‘Primary Axis’ or ‘Secondary Axis’. Choose Secondary Axis and the graph

should automatically change for you.

Making Time Stamps

1.

Click on a column and in the ‘Number’ section on the ‘Home’ menu, click on the arrow next
to ‘General’ and select ‘Time’.
Write your initial time in a cell of that column and press enter (pretend it is B2).
In the next cell down, use the TIME function (=TIME) to add one minute or one second to
the time in “B2”.

a. write ‘=B2+TIME(hr,min,sec) as ‘=B2+TIME(0,1,0) if you want to add one minute or

‘=B2+TIME(0,0,1) if you want to add one second.

Then double click the right corner if you see the ‘+" sign and the column will fill with your
time increasing in minutes or seconds.

Formatting Fractional Time

If you are plotting O3 or CO2 and PM2.5 on the same graph, you cannot use the same time stamps as PM2.5
has data every second and CO2/03 have data every minute. Therefore, you will have to use ‘fractional’
time for one of your data series (HINT: it should be the series you choose to plot on your secondary axis).
You can do this one of two ways.

1.

Using the steps outlined in the section above, format your time series with the column
formatted as ‘Time” and then revert that column to ‘General’ (or copy and paste to a new
column). The time should go to ‘fractional time’ (ie in decimals).

You can use the following equation to format your own time.

min
hour+Mn/
24
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Lab 2: Measuring Markers of Polluted Air

TA Information

Overall Concepts

= Tolearn how to organize and execute an experimental plan in the context of a field study (i.e.,
developing a reasonable hypothesis, testing the hypothesis by sampling in appropriate environments,
etc.).

= To learn how to analyze and manipulate large data sets

= To learn how to visually present data so that your figure tells a story

Practical Notes

Part |: Getting Ready Before the Labs Begin
Before the semester begins, you are responsible for locating and charging the following equipment:

e 2 CO; monitors

e 2 O3z monitors

e Atleast 2 AirBeams: measure PM1g, PMys, PMy, RHand T

e 2 Phones
The CO, and O3 monitors take approximately 3 hours to charge, while the AirBeams and phones take
approximately 2 hours. The CO; and O3 monitors also need to be run for ~48 hours after you charge them
(or during) to burn off any contaminants that may have built up on the sensors since the monitors were
last used.

Part Il: Pre-Lab Talk

Actual field sampling time is to be done by students outside laboratory time. TAs generally distribute the
air monitors (1 AirBeam, 1 CO; and 1 Os) to each group in a brief meeting after class around four days
before the lab period. During this meeting, the two groups that meet with you (e.g. Groups B + E) will
each develop a hypothesis and decide how to test it. They are not allowed to leave the talk without

running their plan past you.

Developing a Hypothesis

The hypothesis that each group develops can be about outdoor and/or indoor air quality. If the groups
have difficulty deciding upon a hypothesis they would like to test, you may suggest some ideas to the
students. Some ideas include: the effects of cooking and/or cleaning on the production/concentration of
chemical markers, looking at the pollution of their respective commutes to school, etc. The only
requirement of their hypothesis is that it must include all five chemical markers, although it is suggested
that students do either a combination of indoor and outdoor sampling, or indoors alone. Many students
will try to make their hypotheses too complicated, so try to suggest ways to simplify their ideas. If you
would like some sample hypotheses, below are two examples:
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Hypothesis 1:

Different buildings will have different ventilation rates which will affect the concentrations of CO,, Os and
PM by altering sources and sinks.

Hypothesis 2:

Different types of cooking produce different concentrations of the CO,, O3 and PM.

Field Sampling

Students are encouraged to design their own sampling strategy that they feel will test their hypothesis.
They must determine where they will sample, how they would like to sample, and the duration of
sampling. All chemical markers must be sampled more than 1 hour during each sampling period and all
monitors must be run at the same time. If students are planning on perturbating the system, they must
sample before they perturbate the system to get the background level concentrations. The students
should note down all these details in their lab notebooks (they are told this in the lab manual). We
encourage students to sample for at least 4 hours (with each monitor) so that they get adequate data.

The students have been given directions on how to use the AirBeams and CO,/Os monitors, which are all
relatively easy to use in the field. You have most of these instructions in Appendix 1 (and in a separate
document). The only responsibility of the students after sampling is to ensure that they share the data
files from the AirBeams with you and their group members. They can do this via email (preferably using
the CHM410 Gmail) or on the CHM410 Google Drive. Students may use the phones that were purchased
to be used with the AirBeams, or they can use their own Android devices. If they use their own devices,
they must sign into the CHM410 AirCasting profile (see Appendix 1 for details).

Part Ill: During the Lab Period
Downloading/Sharing Data

The students must download the data off the CO, and Os monitors in lab using the Aeroqual software and
correct USB cords (found in the box with the monitors). The instructions for downloading the data can be
found in Appendix 1. This data should be shared with you and all the group members, along with the
AirBeam data. The student(s) that did the sampling must share all pertinent information with their group
mates (see lab manual for suggestions).

Interpreting and Displaying Results

Once the data has been passed around, you (the TA) can help the students with the manipulation of the
data and the interpretation of their results. The students are required to make one figure during the lab
period that displays the PMy/25/10 and Oz or CO; data series. Students can use the T and/or RH data if they
would like, but there are limitations to this data. You should then look at each student’s figure as a group
and discussed what you liked about the figure, and what could be improved. Also during this discussion,
you should cover topics such as: how they want/should present their data, how to form a story from their
data and general data analysis. Many of the students will probably have never worked with large data
sets, so you will have to help them with that.
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Formation of Os and PM Indoors versus Outdoors

You should walk the students through a simple diagram of how Os is formed in the troposphere and its
sources indoors. You should do the same for PM, touching on the fact that it can be a secondary and
primary pollutant in both environments. A sample diagram can be found in the PowerPoint.

Demonstration of OMECC and AirCasting Maps Websites

The purpose of this part of your talk should be to introduce students to the two websites and how they
might use that information in their lab reports to strengthen their story. The students do not have to use
the data from these websites, but they should be encouraged to do so if it is suitable for their hypothesis.

Air Quality Learning Objectives

=  What is the difference between a primary and a secondary pollutant? What is O3? NOx? PM,s? Are
their classifications different in the indoor versus outdoor environment?

A primary pollutant is directly emitted into the atmosphere whereas a secondary pollutant is formed in
the atmosphere by photochemical reactions. Examples of primary pollutants are NO, SO, CO.
Examples of secondary pollutants are Os, NO,, aldehydes, HNOs, NHs. Aldehydes are complicated as
they can also be released directly into the atmosphere, making them also primary pollutants. Ozone is
the most important secondary pollutant. Indoors, aldehydes are the primary pollutants, while NO; are
the secondary pollutants. PM, s in both environments can be primary or secondary pollutants.

= What are some sources of these pollutants?

Sources of NO; are:
= Transportation
= Fuel combustion
= Industrial sources
= Flectric utilities
= Conversion from NO that has been transported indoors
Sources of Os are:
= Photolysis of NO;
= Aijr Purifiers
= (Cleaning
= Cooking
Sources of PMs:
= Smoking
= \Vehicular gas
= /ncomplete combustion of fireplaces and woodstoves can include
= Cooking
= Particle nucleation

= Potentially from cleaning supplies
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Appendix 1: How to Use the Air Samplers

Using the AirBeam

1.

10.

Turn on the AirBeam by clicking the white button on the bottom of the AirBeam. A light should
start blinking when the device is on and searching for a connection. The light will turn green after
a few seconds.

Once the light is green, open the AirCasting App and click the “Configure AirBeam?2” option in the
middle of the screen. Click “connect” to connect the device to the AirBeam. If you click the “pair
new device” option, this will take you to the Bluetooth settings page, where you can pair the app
with a new device (this is a nice shortcut).

Once you have connected the phone and the AirBeam, the app will ask if you wantto do a
“Mobile” or “Fixed” measurement session. Click “Mobile”.

The dashboard will now be ready to take data. You will see that the session name (right under the
Dashboard heading) will be called “unnamed”, and below that you will see different sections
titled “AirBeam-F”, “AirBeam-PM1”, “AirBeam-PM2.5”, “AirBeam-PM10”, and “AirBeam-RH".
These are the temperature, particulate matter and relative humidity data sections, respectively.
All of these should be grey. NOTE: at this point you can skip to Step 6.

Before you start collecting data, you may want to contribute your data to the crowd map. To
ensure that this option is activated, click on the three lines next to the Dashboard, and then click
settings. The first option will be “contribute to CrowdMap”. Make sure the box next to it is blue
with a white checkmark. If you scroll down, you will be able to see other options that you may
wish to use during your sampling.

Click the back button to go to the Dashboard screen. Click the recording button up in the top
right corner (should look like a small blue circle inside a larger white circle. Once you click that
button, you will be asked to fill in session details. You should title your session, but you don’t have
to include tags if you do not wish to. Press “Start Session”. Note: Make sure you know what you
entitled your session.

Now press the start button. You will find that the three sections now have colored circles (on the
right-hand side of the screen). These circles will change color, depending upon how high the
measurement is.

During sampling, you can make notes to yourself at various time points. To do this on the app,
click the button that looks like a pencil in a comment bubble. You should probably record notes in
your lab notebook and on the app, but this is up to you.

The AirCasting app will now give you 1-minute averages to the left of the last second circles. | do
not find this to be useful as it gets rid of a lot of the finer details. If you want to look at one of the
three types of data collected in real time. Simply tap somewhere in that box, and box titled
“Stream View” should pop up. You can then choose whether you want to see your data in a graph
or overlaid on a map (if you are not CrowdMapping your data, this option may not be available).
You can only see one type of data collected at a time.

Once you are done sampling, click the stop recording button (small blue circle in a white box).
Everything should go back to grey.
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Saving the Data

1.

2.

To export your data to your computer, click the three lines next to the Dashboard and click the
“Sessions” option.

Click on the session you want to export, and box entitled “Sessions Options” should pop up. To
share your data, click the “Share” option. You will be asked if you want to “share link” or “share
file”. The share link option only means that you will be able to see your data on the website. To
be able to work with your data, click the share file option. You will have a choice of “save to
Google Drive”, “Bluetooth” or “Gmail”. As more apps are added to the phone, new options will
become available.

If you choose the email option, you will be sending yourself an email using the CHM410 email.
Your data will be attached as CSV inside a zip file.

Looking at Old Sessions

1.

If you want to look at older sessions on the AirCasting app, go to the sessions page, using the
instructions above and click on the session.

In the “Sessions Options” box, click the “Add to Dashboard” option and then go back to the
Dashboard page.

There you should see your data (everything will be in color). If you want to look at things graphed,
rather than in the 1-minute average format, you may do so.

You can have multiple old sessions available on the Dashboard if you want an easy comparison.

Using the CO, and Ozone Air Monitors

Turning on the Monitors/Beginning Screens

1.

Press the power button on the left-hand side of the monitor for approximately 2 seconds (or until
the screen activates). The monitor should beep, and the opening screen should say Aeroqual at
the top with Monitor S500 V6.4 Lithium Battery.

This screen should be up for a few seconds, and then should change to a screen that tells you
what sensor is connected (CO2 5K or O3 VLOW). Below the sensor identity should be the words
“warming up” followed by an amount of time remaining in the warming up period.

a. The two sensors take approximately 3 minutes each to warm up. No measurements will
be taken during this time.

There will be a small “M” and “L” below the bigger words. This is the monitor identity and
location identity.

a. Monitors 1 and 3 are currently connected to the CO; sensors.
b. Monitors 2 and 4 are currently connected to the O3 sensors.

After the 3-minute warming up period, the instrument will move into the “stabilizing period”,
which lasts for 7 minutes. During this time, the instrument will flash the measurement. Once the
number stops flashing, the instrument has been stabilized.
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5. NOTE: When the monitor is on DO NOT remove the sensor. This will cause the monitor to shut
down as this may damage the unit.

Taking Measurements

1. Before you begin measurements, you should check that the clock and date on the monitors are
correct. To do this:

a.

Press the “enter” button at the top right of the monitor and use the arrows keys and
scroll down to “Monitor Setup”. Press the enter button again.

Now scroll down to the option “Clock Setup”.

If the time is not correct, use the arrows to change the hour. Then press “enter”. Do this
for the minutes and seconds settings. You can also change the date using the same
technique.

To finish up, press the enter button until you are back to the “Monitor Setup” screen
(and press “exit” until you are back at the home screen).

NOTE: if you do not check the time, you cannot be sure that the monitor is correctly
setup, and this will affect when your data was “logged”.

2. To take measurements, click the “enter” button (shown as an arrow) on the top right-hand side of
the monitor screen.

3. Now use the down arrow key to select “Logging Setup”. Click the enter key to select which option
you want.

a.

The first option will be “Log Freq” you can choose whatever frequency you want, but the
lowest/fastest option is 1 minute (this is what the monitor is set to). Use the arrow
buttons if you want to choose a different frequency and click the enter button.

You will now be at the option “clear log”. You do not have to use this option (use the
arrow buttons to choose between yes or no). The logging memory will at some point be
used up. You will then have to clear the log at that time. Click the enter button once you
have made your selection.

You will then come to option “Logging”. To turn the logging function on, choose “yes”
(this may involve using the arrow keys). Then press enter. This will bring you back to the
main menu. Choose the “exit” option to back to the main screen. The screen should now
show the real time data, the max, min and average concentrations. The data is collected
every minute.

4. To turn off the logging function, especially at the end of your sampling time, simply repeat steps
3a-3c, this time choosing “Logging off”.

5. NOTE: If using sensors with a gas, place the sensor head perpendicular to the air flow to avoid
sensor damage.
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Retrieving Logged Data

1.

Download the free software from https://www.aeroqual.com/support/product-software. Choose
the option “Series 500 monitor PC software and follow the instructions to install the software on
your computer. The company will ask you to register yourself, use the University of Toronto as
your company name.

Connect the USB to monitor cable and ensure that your computer has downloaded the necessary
hardware (your computer should do this automatically).

Now open the software (entitled Aeroqual Series S500 Monitor Software V6.5), and then click on
the “File” button. Choose the first option “Search for connected monitor). NOTE: the monitor in
question must be turned on for this connection to be made.

A screen titled “Monitor Info” will pop up. Click “okay”.

Now go back to the “File” menu and click “Download Logged Data”. The data will automatically
begin to download. The USB connector will start to flash green and red.

Once the data is downloaded, click the “File” menu and click “Export Logged Data”.

a. A window will pop up that asks you to choose what portion of the data you want to
export (includes date and time) so that you only need to choose the times of certain
sessions if you want to. Click “Export” when done. The data will be saved as a CSV file
(same as the AirBeams).

b. The datain the CSV file will consist of 4 columns (date time, monitor identity, location
identity and sensor readings). The location identity will only matter if you want to keep
track of where you sampled (for example if you were looking at CO; in different rooms).
Otherwise, you can delete those columns.

Turning the Monitor off

1.

To turn the monitor off, press down on the power button for about 2 seconds. The monitor will
beep, and the screen will go blank.

There is also a standby mode, which can be used if you need to conserve power for a short period
of time between samplings. It basically reduces the warmup time needed when you turn the
monitor on again. To enter this mode, press the power button once. There will be a special
symbol in the top right-hand corner, which will only appear when the monitor is in the standby
mode.

NOTE: DO NOT REMOVE THE SENSORS HEADS
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Appendix 2: Basic Atmospheric Chemistry Reactions
Tropospheric production of ozone and aldehydes

Production of ozone

NO,+hv—>NO+0
0+0;—> 03
Note: NO; is a primary pollutant and Os is a secondary pollutant.

Formation of aldehydes

Step 1: Forming the hydroxyl radical
O3+ hv > 0, + O('D)
O('D)+M > O(*P) + M
O(*D) + H,0 > 2 OH

Step 2: Reaction of the hydroxyl radical with hydrocarbons
OH + RH - RO, + H,0
RO, + NO - RO + NO;

Note: The hydrocarbons are either alkanes or alkenes.

Step 3: Formation of the aldehyde

RO + 02 - RCHO + HO;,
HO, + NO - HO + NO»
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Global Distribution of
Perfluorooctane Sulfonate in Wildlife

JOHN P. GIESY* AND
EURUNTHACHALAM EANNAN

Department of Zoology, National Food Safety and
Toxicology Center, Istitute for Environmental Toxicology,
Michigan State Universigy, East Lansing, Michigan 48334

Here we report, for the first time, on the glebal distribution
of perflugsrocctanesulfonate (PFOS), a fluorinated organic
contaminant. PFOS was measured in the tissues of wildlife,
including, fish, birds, and marne mammals. Some of the
species studied include bald eagles, polar bears, albatrosses,
and various species of seals. Samples were collected
from urbanized areas in North America, especially the Great
Lakes region and coastal marine arsas and rivers, and
Eurcpe. Samples were also collected from a number of more
remote, less urbanized locations such as the Arctic and
the Morth Pacific Oosans. The results demonstrated that
PFOS is widespread in the environment. Concentrations of
PFOS in animals from relatively more populated and
industrialized regions, such as the North American Great
Lakes, Baltic Sea, and Mediterranean Sea, were greater than
those In animals from remaote maring locations. Fish-
eafing, predatory animals such as mink and bald sagles
contained concentraions of PFOS that were greater than
the concentrafions in their diets. This suggests that
PFO5 can bicaccumulats to higher trophic levels of the
food chain. Currently available data indicate that the
concenfrations of PFOS in wildlife are less than those
required to cause adverse effects in laboratory animals.

Introduction

Fesearchom the env fate of
compounds has focused largely on chlorinsted and bromi-
nated comp . Fl i OTEEnic comp (FOCs)

have received less because their is
more difficult. Because they have surface-active properties,
FOC: are more difficult to separate from tissues then the
more classical neutrel residues thet have been studied. Also,
becauze they are monvolstile snd have relatively high
molecular weights, they require specielized liguid chroma-
tography/mass spectrometry methods for enalysis. Because
much of the FOCs were incorporsted into polymers, they are
perceived as more biologicelly inert and tharefore, lass likely
to heve an impact on humen health or the environment.

FOCs have been manufactured for over 30 years. FOCs
are used as refrigerants, surfactants, and polymers, end as
components of pharmaceuticals, fire retardants, lubricants,
adhesives, cozmetics, paper costings, end insecticides ().
Because of their many useful properties, since the 1970s there
hes been & stea creaze i the uss of FOCs for 2 variety
of industriel applications.

Although partislly fluorinated bydrocarbons may undergo
chemicsl breakdown at functionsl group bonds (2), given
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PFHS (Perflaarchexane sulfonate)
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FIGURE 1. of targat il organic

the high energy of the carbon—fluorine bond (known to
be the strongest of covalent bonds), some perfluorinatad
compounds are very steble in the environment (¥). Even
though FOCs could be persistent, the magnitude and extent
of diswribution of FOCs in the environment was unknown.
However, the occurrence of FOCs in human blood sere was
reported es early as 1068 (4). Further reports of FOCs in
human sera from various locetions in the 17,5, South America,
end Japan appeared over the next several decades (J-4).
These reports would indicate a relatively widespread dis-
tribution of these materials in human sera end would suggest
the potential for distribution in the environment. However,
no compound-specific informstion on the extent of the
disribution of FOCs in the environment or in wildlife was
evailable. This was due, in part, to the lack of & practical
compound-specific method of analysis thet could be applied
to & wide range of semple types with sufficient sensitivity to
messure ecologically relevant concentrations of specific
[ ds. Recent de ofac specific
method for the analysiz of zome FOC= uzing high-perfor-
mence liquid chromstography—negative ion elecirospray
tandem mass spectrometry () permitted the survey of four
FOC: in liver end blood plasma of wildlife on & globel scals.

The mumber of synthetic FOCs has increazad over the
past few years. Among them, sulfonyl-based flucrochemicals
have been produced end used for over 40 vears. Perfluo-
rooctanesulfonyl fluoride (POSF) is the basic building block
of & serias of perfluorinated alkyl sulfonates thet are usad as
surface protectors in carpets, leather, paper and packeging,
febric, and v. Ithas been hyp that, during
their life cycles, POSF and some POSF-based products could
ultimately degrads to other fluorochemicals including per-
fluorooctane sulfonate (J¢) (PFOS; Figure 1).

The studies on which we report here are part of a larger,
ongoing, o hensive program of investigetion of global
disribution end fate of PFOS in the environment The
cbjectives of this study were to elucidate the current
environmental diztribution of PFOS by uze of hiomonitoring
end to evaluate bioacc i end bi ification
potential in aquatic and terrestrial food webs. Tissues of &
variety of wildlife species, living near urben erea:z end in
more remote sreas, including the Arctic end the Antarctic,

iad to maonitor for! 2 of PFOS . In addition,
species from different trophic levels with different faeding
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Structures of analytes with
names and abbreviations. If
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This figure helps readers
understand the sampling,
which translates to

understanding results. This is
not always necessary, but is a
useful aid in this paper
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FIGURE 2. 3ampling locatione of wildlife to monitor fluorinated organic compounds.

tedtop msight into potential

Here, materials and methods are written as
one large section. If you’d like you can use
subheadings such as “sampling location”,

” u

“materials”, “extraction methods”,
mstrumental conditions”, “quality control
or whatever makes sense for your paper

"
",

Sample information. Notice
that they refer to their figure

Extraction procedures

+sample prep

P S

Materials and Methods

Tizsues of various spacies of aquatic mammals, bm:]s ﬁsh,
and emphibians were collected as part of esrlier

Analyte separstion was performed using a Hewlett-
Packard HP1100 liguid chrometograph modified with low
dead-volume internal mbing. Exmact (10 gL) was injected
omto & 50 x3mm(5pm)Ke}mmBetssﬂCuculumnvﬂﬂ1
a2mhd ac mobile phase starting
&t 43% ‘methanol. At a flow rete of 300 JmI..;'mln the gmd.\ant

studias conducted by hichigen State University, Esst Lanzing,
Michizen Semplss ware collected under permits from state
and federal agencies. Tissues of most individuals of aquatic
mammals were obtained fom stranded deed animals.
Samples were also obtmined from erchived tissues from
faderal end state sgencies. Semples collected in the 1990s
were used Semples were cbtained to represent verious
geogrephicel locations including the Arctic end the Anterctic
Oceen:z (Figure 2).

Concentrations of PFOS and other FOCs in liver, egg volk,
muscle, or blood plasma were determined by use of high-
" = liquid (HPLC) with alactro-
spray tendem mass spectrometry (¥). The PFOS usad as
stenderds end for matrix spikes was purchased es the
potessium selt (Fluka, Milwaukes, WT). The purity of the PFOS
stendard was 86%. The reported concentretions were not
corractad for the purity. The internal standard, 14 15 25 25~
perfluorooctane sulfonate (THPFOS) was purchased from
ICH (Costa hiese, CA) Ome mL of sera, 5 ul affmmmal

o084

conditions efter @ min. Column hempemm:ewssmamlsmed
&t 25 *C. The HPLC system was intarfacad to & hMicromazs
(Bevarly, MA) Ultims or Quatitro IT efmospheric prassure
ionization tandem mess specttometer operated in the
electrozpray negative ion mode. In sll cazes, the capillary
wes held between 1.6 and 3.2 KV, Cone voltege was 2060
A nndcu]lisim energy was 30—43 v. The source temperature
at 230 *C. were
opmmzedwusnsmltr.he [W-H], [M-ED, or [M-IH,] ion for
enalytes. When possible, multiple deughter ions were
‘monitored, but quantitation was based on a single product
ion. Inthe elacrospray tendem mass specrometry (ESMEME)
system, the 490 Da — 80 Da transition can be optimizad to
provide a stronger signal than the 492 De — 92 Da transition
of PFOS. Howaver, in the analysis of tissue samples
from some species of animels, an unidentified interferent
‘was present in the 400 Da — 30 Da transition. Although thiz
interferent was rerely observed, to ensure complate salectiv-
ity, itation was based on the 492 Da — 99 D& transzition.

standard (250 ng), 1 mL of 0.5 M
Ivdrogen sulfate (TEA) solution, and 2 mL of 0.25 M sodium
carbonate buffer (adjusted to pH 10) were addad to & 15-mL
polypropylens mbe for extraction After the solution was
thoroughly mixed, 5 mL of methyl-ferr-butyl ether (MTEE)
was added, end the mixture was sheken for 20 mm The

To further ensure that nmo imterferemt compromized the
i of PFOS, the 499 De — B0 and 409
— D0 wera ¢ Ifa of =10%
wes obzarved, a third transition, 499 Da — 130 was also
monitored. In all cazes, the velidity of the 499 Da —~ 99
ition Wes b}mofmeu&amsiﬁms

organic and agueous levers by

and an exact volume of MTBE (4 mL) was ramoved from tha
solution. The aqueous mixture was rinsed with MTEE and
separsted twice; all rinses were combined in a second
polypropylene tube. The solvent wasz allowed to evaporate
under pitrogen before being reconstimued in 1 mL of
methanol. The extract wes vortex mixed for 30 = end pazzed
through a 0.2-4m nylon mesh filter into en autosampler vial.
For the extraction of liver samples, a liver homogenate of 1
£ of liver in 5 mL of purified (milli-Q) water wes prepersd
A 1-mL eliquot of the homogenate was added to a polypro-
pylene tube, and the sample was extractad according to the
procedure described above.
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Samples were VErsus an aged '/, weighted,

external calibration curve. Because of the variery,
of matrices analyzad, with respect io both species and tissues,
end because of evolving anslytical methods, the limit of
quantitation (LOQ) was variable. Data quality assurance and
quality control protocols included metrix spike, surrogste
cpike, laboratory blank, surrogate matrix blanks, end con-
tinuing calibration verificetion. Fecoveries of target anelytes
spiked to rabbit sera or liver and passed through the enalytical
procedure ranged from 85 to 101% (9). Concentrations of
terget enalytes wers not comrected for recoveries of the
surrogate stenderd or matrix spike recoveries.

Analytical methods and instrumental
conditions. In this paper, they
provide a lot of detail because itis a

very new analysis method. In your
reports, you can put some of this
into the SI. For example, mass spec
transitions can go into SI. Make sure

to refer to the Sl in the main text

Quality control

information




This table has a descriptive
heading, that includes the
different units that concentrations

are reported in

All of the information reported in
this table is relevant, and aids
readers in understanding the

results. Here, their LOQs are
different for different matrices,
therefore they report “less than”
different values based on the

species and tissue type.

This data could also be presented
in a bar graph, but because of the

many different types of samples, a
table is more appropriate. Notice
that the table is neatly formatted.

TABLE 1. Ranges of Concs
Mean G ions Are G

niratigns of PFOS (nglg, wet wt, for Liver and Muscle Tissues and ngimL for Blood Plasma) in Wildlife;

IVEN In F
‘apacies location tizaus n PFOS
‘Aquatic Mammala
ringed s=al Canadian Arctic plasma 24 <3—1
ringed seal Baltic Sea plazma 18 18-230 (110}
ringed seal Morwegian Arctic plasma 13 5-14(8)
gray seal Baltic Sea plasma 26 1478 (37)
gray seal Canadian Arctic plasma 12 11-48 (28)
California s2a lion Coastal California liver 8 =35—48
elephant s=al Coastal California lrver 5 =35
harbor s2al Coastal California liver 3 =35-57
river otter Morthwestern LISA liver 5 34000 (330)
523 ofter Goastal California lver g =35
northem furseal Coastal waters of Alaska liver 14 =35-120
polar bear Alaska, USA liver 17 180—380 (350)
mink Midwestern USA lrver 18 970—-3680 (2630)
bottlenose dolphin Mediterranean Sea liver 5 170430 (270)
striped dolphin Mediterranean Sea liver 4 85—160 (100}
weddel Seal Terra Nova Bay, Antarctica liver 1 =35
Ganges river dolphin Ganges River, India liver 2 <3531
Birde:
double-crested cormaorant Lake Huron, Great Lakes plasma <]
herring gull Lake Huron, Great Lakes plazma 2
polar skua Temra Mova Bay, Antarctics plasma 2
black-tailed gull Hokkaido, Japan plasma 24 (6]
double-crested cormaorant Lake Winnepeg, Canada =pg yolk 4 130—-320 (210)
ring-billed gull Lake Huron, Great Lakes egq yalk 3 <35—-150
Laysan and black-footed albatrozsses Midway Atoll. Morth Pacific liver g =35
comman loon Morth Carolina, US4 fiver 8 35600 (290)
brown pelican Missizsippi, USA liver 2 200820 (450)
COMMon cormmorant Italy liver 12 33470 (86)
black-tailed gull orea liver 15 T0-500 (170}
Laysan and black-footed albatrosses Midway Atoll, Morth Pacific plasma 3 B-26 (18)
double-crested cormaorant Lake Huron, Great Lakes plasma 3 110—430 (260)
herring gull Lake Huron, Great Lakes plazma 2 280450 (370)
bald eagle Midwestern USA plasma 26 1—2570 (360)
Laysan and black-footed albatrossss Midway Atoll, Morth Pacific plasma 10 3-39(9)
Figh
|ake whitefish Michigan waters, USA egos 2 150380 (260)
brown trout Michigan waters, LISA eggs 3 4075 (64)
Chinook =almon Michigan waters, LISA fiver &
|ake whitefish Michigan waters, LISA [rver 5
brown trout Michigan waters, US4 fiver 10
yellow-fin tuna Morthern Morth Pacific Ocean liver 12
blue-fin tuna Mediterranean Sea liver a8 2187 (48)
canp Saginaw Bay, Michigan, US4 muscle 10 680300 (120}
Chinock =almon Michigan waters, LISA muscle & (]
|ake whitefish Michigan waters, LISA muscle 5 0 (130}
brown trout Michigan waters, USA muscle 10
Turties and Froge

yellow-blotched map turths Mississippi, LISA [rver ] 39700 (190}
green frogs Southwest Michigan, USA liver 4 =35-280
=napping turtle Laka St. Clair, Michigan, US4 plasma 5 1-170(72)

Brief summary of
experiment

Results and Discussion

Samples wera scenned for four FOCs: PFOS, perfluorooctans
sulfonylemide (PFOSA), perfluorohexane sulfonate (PFHE),
and perfluorooctancate (PFOA). However, all concentrations
of PFHE ware less than the LOQ) (LOQ range « 1 to 86 ng'g,
wat wt) end only & few zamples conteined FFOA or BFOSA
at levels greater then the LOQ of 2.5 to 180 ng/E, wet wt, and
1 to 38 ng/g, wat wt, respectively. Tharefore, only the results
for PFOS are prasented (Takla 1).

When & method detection limit of 1 ng'g, wet wt, wes
attained, PFOS was detectable in most zamples including
those from remote marine regions. Concentrations of PFOS
in the blood of ringed and gray sesls from the Canadien end
Morwegian Arctic were in the range of 3 to 30 ng/mL. PFOZ
concentrations were 2—10 times grester (14—230 ng'mL) in
zegls from reletively more urbanized locetions,such as the
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Ealtic Zea, than those from the Arctic Ocesn. Blood plasme
of Layzan and black-footed albatrozzes collected from remote
oceanic locations, such as MMidway Atoll in the Morth Pacific
Ocesn, conteined concentrations of PFOS ranging from 3 to
26 ng/mL. PFOS concentrations in the blood of cormmorents
end herring gulls from the Grest Lakes were epproximarsly
10-fiold greeter than thoze in albamozses from Midway Aol
Although the liver of vellow-fin tina from the northern Morth
Pacific did not contain quentifiable concentrations of PFOS
(=7 ng'g, wet wt), blus-fin tuna from the Mediterranesn Ses
conteined up to 37 ng'g, wet wt, PFOS in the liver. Livers of
polar bears from Alasks contsined concentrations of PFOS
between 180 and 630 nz's, wet wit Although PFOZ iz
distributed in remote marine environments including polar
regions, concentration: of PFOS in these regions ware
saveralfold less than those from raletively more industrializad

WOL. 35 HO. 7, 2001 / ENVIRONMENTAL SCENCE & TECHNOLOGY = 1341

Refers to specific concentration
values and compared between
different samples. Refer to

table/figure when applicable.



This paper was the first time PFOS
was measure in wildlife, so there is
not much literature to refer to. Every
time you write a paper or report, you
must compare what you have seen to
what is published in the literature. If

there is no literature, you should

mention that as well. For the purpose
of CHM410, mention at least one
literature value, but don’t spend too
much time looking into this

locations such as the Baltic Sea and the Great Lakes.
Among various bird species analyzed, blood plasma of
bald eagles from the mid us. d PFOS

wildlife are less than those required to cause significant
ld.xmt effects in Ilbomon animals, However, as more

concentrations of up to 2570 ng/'mL (mean: 360). All plasma
samples were obtained from bald eagle chicks less than 200
days old, Other fish-eating wlll ‘utrduu:hncommm]oons
and brown pelicans
of PFOS in the liver. All ﬂ:u bird mnm from Caneda, 1ul; ,
Japan, and FKorea
PFOS. PFOS concentrations in the blood of black-tailed |\|ll:
{2-12 ng/mL) from Hokkaido in Japan were less than those
found in albatrosses from Midway Atoll. Occurrence of PFOS
in these birds suggests that their potential source of exposure
is the fish diet. Tissues of fish from the Great Lakes and the
Medi Sea d of
PFOS. The highest PFOS concentrations observed in fish (300
ng/g, wet wt) were in the muscle of carp from Saginaw Bay,
Michigan.

Mink from the mid U ined fi
concentrations of PFOS in their livers (9703680 ng/g, wet
wi). Mink are opportunistic predators but do eat fish as part
of llm: diet. When mink were fed carp from Saginaw Bay,

i an average of 120 Ill
PFOS/g (wet wt), under lab the
biemagnification factor based on the concentrations of PFOS
in lvers of mink was approximately 22.

Although the results of this study have demonstrated for
the first time that PFOS is widely distributed on a global
scale and can be persistent and bioaccumulative in various
food chains, little information is available on possible toxic
effects of PFOS to wildlife. PFOS and related perflucrinated
compounds have tmn shown to affect cell-cell com-
and process of emergy

and p life (11, 12). Currently
available data (unpnbumd reports to U5, EPA; Docket No.
FYI-0500-01378) indicate that concentrations o! PFOS in
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ifi bacomes lable, a more
nﬁnld unnmum of the risks to wildlife will be possible.
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This paper concludes that more
information and measurements
are required. For your reports,

make sure you are repeating the
purposed of the experiment and
then stating your overall
conclusion

References must be formatted
consistently with all relevant
information. Choose a journal’s
format and stick to it. You can
use the Environmental Science &
Technology or Journal of the
American Chemical Society if

you'd like.

A minimum of 5 reference is
required, at least 3 should be
peer-reviewed.



Some examples of visualizing data
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FIGURE 1. Density-corrected concentrations of PFAs on Devon Ice
Cap since 1996: (a) PFOA and PFNA; (b) PFDA and PFUnA; and (c)
PFOS.

This paper reported concentrations of
5 analytes at various depths of an ice
core. These three graphs show the

concentrations in snow versus the
depth of the ice (which is also plotted
as the year on the right y-axis).

This 3-panel graph is appropriately
labeled with lower-case letters that
are referred to in the figure caption.

In this figure, the fluxes of each
analyte are plotted in a bar graph
versus year. Notice that they have

plotted the standard error of the
mean (n=3) as error bars.

Notice that all of these plots are neat
and have fully labelled axis, in units
that make sense for the values

reported. Colour helps visualization,
but if you are printing in black and
white, make sure you are using
different shapes or patterns.
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FIGURE 2. PFA fluxes to Diovon Ice Cap by year. Mean fluxes with standan orror of three raplicates indicated by bars. Lines refloct a
year moving average.



CHMA410-1410 Grading Scheme for the Air Sampling Lab

Title (2)

Abstract (10)

Introduction (15)

Materials & Methods (7)

Results & Discussion (38)

Conclusions (4)
Future Directions (4)
References (5)

Supplemental Information (5)

Clarity and writing style (7)

Word limit (3)

(2)
(2)
(2)
(2)
(2)
(2)
(4)

(4)
(4)

(3)
(2)
(2)
(3)

(3)
(7)

(5)
(5)
(5)
(3)
(10)
(4)
(4)
(5)

(3)

(2)

(5)
(2)

(3)

Appropriate and descriptive title

State objectives and hypothesis of your study
Brief description of methodology (what was done)
Summary of major findings (results)

Support main result statement with numbers
State principle conclusion

Background information on the methods used and their relevance
to the experiment

Background information on the analyte(s) of interest

Introduction gave the reader the appropriate background to
understand the results and discussion

Rationale for present study (purpose)

Sampling details
Sensor Details
Data analysis details

Begin with brief overall description of experiment
Presentation of data: Judicious use of tables & figures that
summarize the important results

Referred to and used tables or figures when discussing results
Addressed hypothesis with specific reference to data
Compared data to background literature

Addressed the effect of sampler resolution

Overall well-structured and presented story

Hypothesis and final conclusion
Explain what you would do as a follow up study
Proper and thorough (minimum 3) with in-text citations

Appropriate use of the Sl with specific analytical details (additional
instrumental conditions and details, sample chromatograms), raw
data, or calibration curves

Sample calculations

Concise and clear
Proper and consistent verb tenses

2000 works text for Labs 2&3, 3000 words text for the Field Trip.
The word count does not include references or supplemental
information, and MUST be provided underneath your title, if not
you will receive zero. Minus one mark for every 100 words over
the 3000 word limit.
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