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Introduction: 

 Due to its direct relationship with respiratory health, air quality is a primary concern 

to society. Transportation systems, energy production methods, industry, and general 

pollutants, including trash and excess chemicals, negatively impact air quality, and are 

examples of how human activities have a direct correlation to air quality.  Poor air quality has 

a negative impact on all plants and animals.  Air pollution is commonly measured in total 

suspended particulates, (TSP), which includes all particles that are suspended in the air. 

Examples range from microscopic metals, spores, pollen, and insects; the smaller the 

particle, the easier it is for incorporation into respiratory pathways, and thus more 

dangerous. Vermont has less urbanized areas compared to most other regions of the 

country, which contributes to the better air quality in Burlington, Vermont’s largest city.   In 

2007, a group of students from the University of Vermont conducted an experiment testing 

the amounts of TSP (total suspended particulates) in micrograms per meter cubed (ug/m3) 

in two different sites on campus.   

To expand upon this prior investigation, the air quality students of the 

Environmental Science and Technology group at the Governor’s Institute of Vermont 

(eSAT, GIV) did our own research on air quality.  We also had two different testing sites; 

one was in downtown Burlington at the Department of Health offices, and the other at the 

Department of Health Laboratory near the Trinity Campus of the University of Vermont.   

We quantified TSP’s and  determined the amount and types of metals included.  We started 

our research by comparing test sites in two different towns, Waterbury and Burlington. We 

formed a hypothesis that Burlington would have more TSP than Waterbury. Next we 

compared two different sites in Burlington, one on UVM campus and one in downtown 

Burlington. Our hypothesis is that the downtown location will collect more TSP. Finally, the 



group compared the amount of pollutants in the two Burlington sites. They looked at what 

the sources for the pollutants were and what the highest pollutants were doing to the 

environment. The hypothesis is that they would not find high amounts of lead in the air.    

Methods 

While at the Environmental Science and Technology Governors Institute of Vermont 

we used a TSP air sampler to collect samples of particulate matter in the air of Burlington 

and Waterbury Vermont.  TSP stands for Total Suspended Particulate and PM10 stands for 

Particulate Matter 10 microns, so all particles that are smaller than 10 microns.  The basics of 

how this machine works are with a motor, filter and a vacuum. The motor powers the 

vacuum causing the vacuum to suck in air around it. This air gets sucked through a filter that 

catches the total suspended particulates in the air before being expelled.  

We collected TSP samples from two locations in Burlington (DOH Lab and DOH café) 

from June 19 and June 22, 2011 for 24 hours, for a total of three samples at each site.  A 

sample was previously collected in Waterbury, VT on June ??, 2011.   Samples were collected 

in accordance with the SOP (Standard Operating Procedures) #0600 TSP (Volumetric Flow 

Controlled): SETUP.  A group of UVM students also did an experiment that was similar in 

2007, using the exact same TSP machines, and methods, but at the UVM farm and UVM 

hills. 

When we arrived at the field site, we began by inspecting everything, both the machine 

and the filters.  The filters had been previously weighed in the lab.  . Then on the front of 

the machine there is a small door. We opened it and inside there is a timer. The time was 

recorded on the data sheet that comes with each filter. The next process was that of 

measuring the pressure. A machine called the PTE-1 is used to measure both the air pressure 

and the temperature. There is a plastic tube coming off of the device and attaches to a small 



valve on the side of the TSP sampler. The first measurement is the temperature and should 

be measured with the PTE-1 device in the shade and once the temperature (in Celsius) stops 

fluctuating. With the TSP still running the static pressure is measured with the PTE-1 device. 

Back inside the door near the timer, there is an on/off switch. This gets turned “off” so that 

the ambient pressure can be recorded.  To get the pressure ratio the static pressure is divided 

by the ambient pressure. This should result in a number slightly under 1. This ratio can then 

be used to calculate the flow volume of the sample.  

On the top of the TSP sampler there is a latch that gets undone so that the top of said 

sampler could be raised. After this is done the cover of the new filter is put onto the old 

filter to protect it in transport and remove the entire cartridge from the sampler. The new 

cartridge is then placed in, in the same place. The top of the sampler is now closed and 

latched. The PTE-1 is hooked up to the sampler again, and the same measurements are 

made. Then the sampler is turned on and the door closed. 

 The first thing that was done once all of the samples were collected is they were 

weighed again. By comparing the weight of the filters after use and the weight of the filters 

before use. These measurements were used to find the concentration of TSP on the filters. 

After all the samples were weighed they were brought back to UVM to be analyzed. Each 

filter was 8.5 x 11” and each filter was folder horizontally, and had a 0.637 inch strip cut out 

of it and placed into a moderate acid, as stated in the Compendium Method. These acids 

were Nitric and Hydrochloric acids. They then went into an ultrasound bath overnight that 

was kept at 70oC. The next morning the solutions were placed in syringes with a filter in the 

tip and filtered. This was because the spray tip in the ICP would get clogged with the chunks 

of material. What remained in the filter was what the moderate acid could not dissolve. The 

filtered solution was then were put into tubes and run through the ICP. ICP stands for 



Inductively Coupled Plasma mass spectrometer. This process takes the fluids and sprays 

them into a plasma chamber. This forces the electrons away from the nucleus and into an 

orbital where they do not belong. Then when they come back they create an amount of light 

that is specific to each element. This data goes into a computer that measures the data for 

each element and how many parts per million (ppm) there are. One of the filters tested had 

two strips cut out of it to test the machines accuracy, by running two samples from the same 

filter. There was also a clean filter that was used for a control. So any elements that showed 

up on that test would be subtracted from all other results because they were already in either 

the filter or the acid. 

 Another method that we used to analyze the data was the XRF analyzer. XRF stands 

for X-Ray Fluorescence analyzer. A piece of the filter was put in the machine and was 

checked for radiation with a Geiger counter.  Then the machine was turned on and let run 

for 100 seconds. Then the results were recorded in parts per million (ppm). 

 

Appendix 1- Step-by-Step instructions on how to use a TSP. 

1. In the base of this machine there is a cylindrical motor that powers a vacuum. 

2. This vacuum sucks in air. 

3. The air gets pulled through a filter that looks like a small sheet of paper. 

4. This filter catches the total suspended particulates. 

5. The air then gets returned to the machines surroundings. 

 

• Make sure that everything works properly, the TSP machine and the filters, old and 

new.  



• The first measurements to record were the time, day/date. Also the temperature, 

measure the temperature with the PTE-1. 

• Then a hose coming from the machine that measures the air pressure is attached to a 

small valve on the side of the TSP machine and that measures the static pressure. 

The static pressure is the air pressure inside of the machine 

• Next the machine is shut off. 

• Then the ambient pressure, this is the natural air pressure. 

• Divide the static pressure by the ambient pressure to get a number slightly under 1.  

This helps to calculate the flow volume. 

• Then a small door on the front of the machine is opened and the number of hours is 

recorded. 

• The top of the machine is unlatched and opened. 

• The cover is removed from the new filter and placed on the old filter to protect it 

before testing. 

• Then the screws removed only from the 4 corners of the old filter and it is removed. 

• The new filter gets placed in the spot recently vacated by the old filter and the 4 

screws are placed in. 

• Then the top of the TSP sampler is closed and latched. 

• The time, day/date, temperature, location, hours, and ambient pressure are recorded. 

• On the door near the bottom of the machine there is a switch that turns the machine 

on and off and now it gets switched back on. 

• Then the door gets shut and the static pressure is recorded. Then use the same 

equation as before. (Static/Ambient= A number slightly under 1). 

	  



Site	  Description	  

Vermont	  is	  located	  in	  the	  North	  Eastern	  United	  States,	  and	  makes	  up	  the	  western	  

side	  of	  New	  England.	  Burlington	  is	  the	  largest	  city	  in	  Vermont,	  housing	  38,647	  

people	  according	  to	  the	  2009	  U.S	  Census	  Bureau.	  Located	  on	  Lake	  Champlain,	  this	  

city	  is	  15.5	  square	  miles	  and	  is	  the	  most	  densely	  populated	  area	  in	  Vermont.	  	  

	   Monitors	  were	  deployed	  at	  two	  sites	  in	  Burlington	  –	  termed	  ‘Café’	  and	  ‘DOH’	  

herein	  –	  set	  1.67	  kilometers	  apart	  to	  measure	  Total	  Suspended	  Particulates	  (TSP),	  

which	  affect	  air	  quality	  and	  can	  cause	  respiratory	  problems.	  

	   The	  first	  TSP	  sampler	  (‘Café’)	  was	  shielded	  from	  direct	  sunlight	  in	  the	  corner	  

of	  the	  patio	  of	  the	  Vermont	  Department	  of	  Heath	  offices,	  its	  coordinates	  being	  

44°28’46.61”	  N	  73°12’50.56”	  W.	  Built	  in	  the	  heart	  of	  Burlington,	  the	  Department	  of	  

Health	  separates	  two	  busy	  streets:	  Pearl	  Street	  and	  Cherry	  Street.	  The	  outdoor	  patio	  

is	  on	  a	  second	  floor	  balcony	  overlooking	  St.	  Paul’s	  Street.	  Collecting	  air	  

approximately	  13.65	  meters	  above	  the	  busy	  streets,	  the	  monitor	  was	  surrounded	  by	  

many	  potential	  sources	  of	  particulates;	  the	  researchers	  felt	  the	  location	  would	  

sufficiently	  capture	  a	  blend	  of	  Burlington’s	  pollution	  sources.	  	  

	   The	  major	  source	  of	  pollutants	  would	  come	  from	  the	  buses,	  the	  station	  

perpendicular	  to	  the	  site,	  just	  across	  the	  street.	  There	  are	  several	  of	  these	  large	  

buses,	  and	  when	  one	  combines	  the	  quantity	  with	  the	  fact	  that	  they	  run	  on	  diesel,	  the	  

outcome	  can	  affect	  the	  air	  quality	  quite	  dramatically.	  Machines	  that	  burn	  diesel	  

release	  carbon	  emissions	  into	  the	  environment,	  which	  become	  airborne.	  These	  

particles	  are	  small	  enough	  to	  circumvent	  the	  human	  body’s	  natural	  filters	  in	  such	  a	  

fashion	  that	  when	  one	  inhales	  they	  enter	  our	  lungs	  where	  they	  settle	  in	  the	  intricate	  



network	  of	  tissue.	  The	  carbon,	  which	  plumes	  from	  their	  exhaust	  pipes,	  which	  are	  

now	  fixed	  above	  the	  buses	  backend	  to	  the	  left,	  pointed	  directly	  towards	  the	  TSP	  

collector.	  However,	  this	  modification	  was	  the	  result	  of	  trying	  to	  protect	  the	  lungs	  of	  

civilians	  traveling	  on	  the	  sidewalk.	  	  

	   Other	  contributing	  variables	  would	  be	  the	  trees	  in	  a	  park	  behind	  the	  bus	  

station.	  Trees	  help	  the	  environment,	  as	  they	  absorb	  CO2	  emissions	  and	  produce	  

oxygen.	  However,	  during	  the	  spring	  and	  summer	  months	  they	  produce	  pollen,	  

which	  can	  act	  just	  as	  the	  micro-‐carbon	  particles	  do.	  	  Becoming	  airborne	  with	  the	  

slightest	  of	  breeze,	  they	  can	  travel	  hundreds	  of	  miles,	  maintaining	  that	  potential	  to	  

bypass	  all	  of	  the	  filters	  within	  the	  nose,	  creating	  a	  buildup	  within	  the	  lungs.	  	  

	   Although	  these	  two	  factors	  do	  contribute	  to	  the	  contamination	  of	  the	  air,	  we	  

seem	  to	  always	  overlook	  another	  contributing	  factor	  that	  plays	  a	  significant	  role:	  

humans.	  Unhealthy	  habits,	  such	  as	  smoking,	  have	  toxic	  discharge,	  some	  very	  similar	  

to	  that	  of	  our	  cars	  such	  as	  benzene,	  carbon	  monoxide,	  and	  methane.	  They	  also	  

release	  heavy	  metals	  such	  as	  lead,	  mercury,	  cadmium,	  beryllium,	  chromium,	  nickel	  

and	  arsenic.	  	  Cigarettes	  also	  contain	  polonium-‐210,	  which	  is	  a	  radioactive	  element,	  

and	  when	  released	  into	  the	  air,	  becomes	  a	  carcinogen	  and	  dangerous	  to	  everybody	  

who	  breathes	  it.	  

	   Cars	  have	  similar	  components	  and	  give	  off	  such	  gasses	  as	  carbon	  dioxide,	  

carbon	  monoxide,	  methane,	  nitrous	  oxide,	  and	  chlorofluorocarbons	  (CFCs).	  These	  

gasses	  cannot	  clog	  your	  lungs	  like	  benzene,	  which	  is	  also	  given	  off	  along	  with	  other	  

Polycyclic	  Aromatic	  Hydrocarbons	  (PAH),	  but	  can	  cause	  multiple	  types	  of	  cancer	  of	  

the	  brain,	  lungs,	  liver,	  including	  leukemia	  and	  lymphoma.	  	  



	   The	  second	  site	  (‘DOH’)	  is	  located	  at	  the	  Department	  of	  Health	  labs	  adjacent	  

to	  the	  UVM	  campus	  and	  Fletcher	  Allen	  Hospital.	  	  The	  TSP	  sampler	  was	  placed	  in	  a	  

fenced	  in	  area	  that	  was	  attached	  to	  the	  building,	  which	  provided	  partial	  shade	  for	  

most	  of	  the	  day.	  The	  GPS	  coordinates	  for	  the	  site	  are	  44°	  28’	  53.85”	  N	  73°	  11’	  35.69”	  

W.	  	  

	   There	  were	  several	  possible	  sources	  of	  pollution	  within	  close	  proximity	  of	  

the	  sampler,	  making	  it	  a	  perfect	  spot	  to	  measure	  possible	  pollution.	  The	  first	  and	  

most	  prominent	  is	  the	  road	  just	  22	  meters	  from	  the	  TSP	  site.	  The	  second	  largest	  

source	  of	  pollution	  is	  the	  hospital	  behind	  the	  Department	  of	  Health	  building.	  

Hospitals	  release	  chemicals	  such	  as	  pneumonia	  and	  mercury	  from	  old	  equipment	  

and	  treatment	  methods.	  

	   Other	  possible	  areas	  of	  pollution	  are	  the	  three	  residential	  areas	  that	  

surround	  the	  building.	  Home	  heating	  methods	  cause	  large	  amount	  of	  carbon	  and	  

other	  pollutants	  to	  be	  released	  into	  the	  air.	  	  Another	  form	  of	  pollution	  is	  the	  lawn	  

that	  the	  sampler	  sits	  on.	  When	  the	  lawn	  gets	  cut	  the	  blades	  spin	  everything	  that	  was	  

in	  the	  grass	  up	  into	  the	  air,	  where	  it	  could	  be	  caught	  in	  the	  wind	  and	  transferred	  to	  

the	  filter.	  There	  are	  many	  possible	  pollutants	  that	  could	  have	  been	  transferred	  from	  

nearby	  areas	  such	  as	  smoke	  from	  houses	  and	  businesses	  or	  oil	  that	  became	  runoff	  

from	  the	  road.	  

 

Trajectories 

 Like thunderstorms and blizzards, air pollution travels along air currents.  In 

Burlington, a lot of the air has originated from the Great Lakes or Northern Canada. 



However, the air may travel through several metropolitan areas before it arrives in Vermont. 

Over our week of study, Burlington’s air has travelled through New York City, Washington 

D.C, Philadelphia, Buffalo, Montreal, and other places with high urbanization. When air 

travels over these regions, it can pick up harmful pollutants and then carry them to 

Burlington, which can cause harm to the city’s residents. When a major pollution event 

occurs, like a forest fire in Canada, the air can force people to stay indoors, and can threaten 

outdoor events. 

 On June 19th, 2011, the air that was in Burlington came from the northern parts of 

the Quebec province in Canada. It quickly moved south towards the United States, passing 

by the urbanized areas near Montreal, and eventually ended up in Burlington. Compared to 

the other patterns discovered this week, the trajectory didn’t feature any strange curves or 

detours. However, on June 20th, the air shared the same origin as the previous day, yet when 

the air reached the border, it curled around the land north of Burlington before arriving at its 

destination. This was the start of a pattern of unique curves that occurred around 

Burlington. 

 On June 21st, the trajectory of the air shared some similarities with June 20th, as it 

originated in northern Canada. However, unlike June 20th, the air didn’t enter any portion of 

Ontario, and also came across Lake Champlain at a steeper angle. The air was also closer to 

Montreal, which means it may have picked up more pollution. The curve occurred farther 

south, as it started almost directly east of Burlington. Unlike June 20th, it seemed like the air 

was directed west to form the curve. The trajectory for June 22nd resembled certain parts of 

the trajectory on June 21st, sharing the ending curl that occurred. However, the air on June 

22nd didn’t travel past Montreal and across the top of Lake Champlain, but instead curved 

towards the areas around Quebec City before drifting past the Jay Peak region. 



 The most unique trajectory of the week occurred on June 23rd, a day when a storm 

system hit the city of Burlington. In the 24-hour trajectory, the air had moved through 

Eastern Connecticut and Western Massachusetts, which are urbanized areas, before 

travelling up the spine of the Green Mountains towards Burlington. When the trajectory is 

extended to a 5-day span, it shows that the air actually originated in the Great Lakes region. 

The air moved from this region to cross the southern portion of the Ontario province. It 

then passed by the Buffalo area, and drifted along the Pennsylvania-New York border, 

eventually going through New York City and it’s neighboring metropolitan area. The air then 

moved through New Jersey and into the Gulf Stream. When the air entered this region, it 

curled towards the south, moving toward Chesapeake Bay. However, the air trajectory 

looped back towards the north, and the air was redirected towards Connecticut, and 

eventually Vermont. This extended version reveals much more about the history of the day’s 

air, as it could’ve been filled with air that was polluted when it moved through the many 

different urbanized areas. 







 



 



 

	  

	  

	  

	  



Discussion 

We compared the concentrations of total suspended particulates in the air at two 

different sites in the Burlington area.  We then compared these results with to other sets 

of data that had been collected at UVM in 2007.  These graphs represent the data that was 

collected at all four sites.  The concentrations of total suspended particulates (TSP) in the 

air are recorded by date and are measured in microgram per cubic meter.   

 The total concentration of metals is overall much lower in Waterbury.  This 

supports our hypothesis that the pollution in Burlington would be greater than the 

pollution in Waterbury.   There were much more sources emitting pollution into the air in 

Burlington than in Waterbury. 

 We analyzed the activity of two different monitors in the Burlington area.  One of 

the monitors was located uptown on UVM campus next to Department of Health and the 

second one was located downtown in a café at the Downtown Department of Health 

office.  We predicted that the café would have a higher concentration of TSP in the air 

because it was located downtown and there were more sources of pollution close to the 

monitor.  The graphs support our hypothesis.   There were much higher TSP 

concentrations on all three days in the café monitor’s filter.   Later after the filters had 

been collected we used three different methods to determine what the exact toxins were. 

 Metals, one type of pollutant, were found in the filters.  There were higher 

concentrations of iron and copper in both filters than any other metal.  Iron is in soil and 

in rocks so there is lots of iron in dust particles found in the air, or just particles of iron.  

So there are lots of natural sources of iron on the earth.  However, copper can be from a 

natural resource but also produced as a result of human activities.  Copper is found 



naturally in decaying vegetation, forest fires, sea spray and wind blown dust.  Most of the 

copper from human activity comes from machines run on fossil fuels.  It is often found at 

construction sites. Other examples are mining, phosphate fertilizer production, wood 

production and metal production.   

 There was also no lead in the air.  Mostly because there are no longer any sources 

that produce lead.  Before 1980 there was lead in gasoline and the exhaust from cars 

contained lead.  Now car fuel doesn’t contain lead.   

Conclusion	  

In	  conclusion,	  air	  quality	  should	  be	  very	  important	  to	  all	  people	  who	  want	  to	  

live	  a	  healthy	  clean	  life.	  Without	  clean	  air	  to	  breathe,	  people	  will	  die	  and/or	  become	  

very	  sick.	  This	  is	  important	  because	  this	  reduces	  sickness	  and	  health	  problems	  such	  

as	  asthma	  or	  heart	  attacks.	  “Air	  pollution	  from	  smoke	  and	  various	  chemicals	  kills	  3	  

million	  people	  a	  year,	  according	  to	  a	  new	  Cornell	  study”	  (Cornell	  University).	  However,	  

the	  data	  we	  have	  taken	  during	  the	  past	  week	  shows	  that	  our	  state,	  Vermont,	  has	  

very	  clean	  air	  most	  of	  the	  time,	  especially	  compared	  to	  other	  states	  in	  America.	  Also,	  

because	  pollution	  can	  affect	  the	  health	  of	  plant	  and	  animals,	  our	  environment	  and	  

natural	  surroundings	  are	  healthier.	  There	  is	  an	  enormous	  difference	  between	  the	  

suspended	  particles	  in	  the	  air	  in	  Vermont	  and	  states	  like	  California,	  where	  pollution	  

can	  have	  extremely	  dangerous	  outcomes.	  Overall,	  Vermont	  has	  some	  of	  the	  cleanest	  

air	  in	  the	  country.	  	  	  

The	  hypothesis	  we	  made	  was	  that	  Burlington	  would	  have	  a	  higher	  level	  of	  

pollution	  that	  Waterbury,	  Vermont.	  We	  found	  that	  this	  was	  true.	  Even	  though	  

Burlington	  did	  have	  a	  higher	  pollution	  level	  than	  Waterbury,	  it	  was	  not	  by	  a	  very	  



significant	  level	  and	  it	  shouldn’t	  be	  worried	  about,	  since	  it	  is	  an	  adequate	  level	  to	  

have	  in	  a	  city	  and	  isn’t	  harmful.	  Our	  other	  hypothesis	  that	  we	  tested	  was	  that	  the	  

downtown	  location	  at	  the	  café	  would	  have	  a	  higher	  percentage	  of	  TSP	  in	  the	  air	  than	  

its	  counterpart	  by	  the	  Department	  of	  Health	  laboratories.	  This	  was	  also	  proven	  to	  be	  

true,	  as	  the	  measurements	  at	  the	  café	  were	  slightly	  higher	  than	  the	  measurements	  

taken	  at	  the	  other	  Burlington	  location.	  This	  was	  most	  likely	  because	  the	  café	  

location	  was	  near	  very	  busy	  streets,	  deeper	  in	  the	  city,	  and	  also	  right	  next	  to	  a	  bus	  

station	  where	  busses	  would	  occasionally	  idle	  and	  emit	  fumes	  into	  the	  air.	  	  Our	  final	  

hypothesis	  was	  that	  we	  would	  not	  find	  high	  levels	  of	  lead	  in	  the	  air.	  We	  found	  this	  to	  

be	  true	  because	  the	  data	  showed	  that	  there	  was	  very	  little	  lead	  or	  none	  at	  all	  in	  the	  

tested	  samples.	  This	  is	  probably	  due	  to	  the	  policies	  of	  the	  ‘90s	  that	  prohibited	  the	  

use	  of	  lead	  in	  gasoline.	  This	  has	  decreased	  the	  number	  of	  health	  problems	  caused	  by	  

this	  dangerous	  element.	  As	  the	  world	  has	  grown,	  and	  as	  more	  countries	  become	  

developed	  and	  modern,	  air	  pollution	  is	  a	  crisis	  that	  needs	  to	  be	  internationally	  

addressed.	  Even	  though	  Vermont	  is	  a	  relatively	  clean	  place,	  there	  is	  still	  room	  for	  

improvement,	  and	  it	  all	  boils	  down	  to	  the	  responsibility	  of	  individuals	  who	  are	  

informed	  by	  sound	  science.	  	  
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