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Abstract

This thesiglescribesesearch to better understarattical profiles of particle number
count and mass concentration of particles less than 2.5 um in diaPlettg) fear Interstate 93
in Boston, MassachusetiBhese profiles can be usedhelp estimat@articulate matter exqsure
to people who live or work several stories above grdawudl. Although vertical profiles of
particulate matter have been collected near major roadways in previous studies, none have been
collected with as fine a spatial resolution and over as widage of meteorological conditions.
The profiles were collected with a pulley system that lifted the instruments, leading to a
continuous sampling of the vertical profildhe vertical profiles are analyzed in conjunction
with meteorological conditionshe source strengtbf the highwayand building density and
heightto obtain a qualitative assessmeheach variablé effecton the magnitude and the slope
of the particle profilesThe meteorological calitions considered in thihiesisarewind diredion
and speedemperatureandrelative humidityon both a shorand long timescalélrhe magnitude
of the particle number count aRdV, sis primarily dependent on the source strength and the
diurnal temperature cycle. The slope of the particle numhertqoofiledepend on the vertical
temperature profile, where®M, sremains constant with heighithe profiles do nodemonstrate
a spnificant declinewith height therefore, &posure to partidate matter up to eight stosiigh
should not belismissed as an exposure pathway.
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1.0INTRODUCTION

1.1 Background

Many epidemiological studies have linked increased particulate matter (PM) exposure with
adverse healthffects(Oberdirster, 2005; Kreyling et al., 2002Elevated exposures increase the
prevalence of respiratory, cardiovaksuard neurologicatlisease$Oberdirster, 2005). In
urban environrants, the vast majority of particles generated bindustrialcombustion
processeandautomotive sources particular Compared to PM in rural settings, PM in urban
setting is primarily aitropogenic and more toxic due to both the size distribution and the
composition of the PMKreyling et al., 2002)Because of the mechanisms by which it is made,
anthropogenic PM tends to have a greater percentage of smaller particles, partictddirg ult
particles (UFP) in the KOOnm range, which can translocate in the bodyeresficiently
(Oberdirster, 2005).1n addition,this PMcontains chemicaldat the body is not typically
exposed and adapted to.

The majority ofcombustiongenerategbarticlesin an urban region can be traced back to
relatively few line and point sourcestime area. The point sources incligheokestacls related
to industrial processesd power generatioand the line sources are major road ways. While
there has been significaregulation on stack emissioresulting in99%or greatereductions in
PM emissions using control technologitslpipe exhaust has been controlfedparticulatego
aleserdegreqEPA, 1990. An analysis oflte transport of particles generatednogjor
roadways isiecessaryo understand the impact of these roadways on the daocaliality.
Several studies haveoked at the pollutat distancedecaygradientgperpendicular to major
roadwaysat groundievel (Zhuet al., 2002Zwacket al.,2011).Less attention has been directed

towards the vertical gradients. In urban environments, this consideration is especially important



as people may live or work well above grodadel. The exposure above groufelel is largely
to indoor air; howeveuilding ventilationsystems, depending on how they are operated, can

causethe indoor air quality to be affected by and comparable to the outdoor air quality (Figure

1).
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Figure 1: Relationship of indoor air quality and outdoor air quality nea3 (Fuller, 2011)

1.2 Previous Vertical Profile Studies

Vertical profiles of PM have been collected in savether studies. Morawska et,d999,
measured thparticle distributionon every & floor of two buildings in Queensland, Australia.
They discovered that the particlamberconcentration$PNC)were close in magnitude for
particles>100nm. UFP tened to decrease with heigiceptfor the first 5 floorsvherethe

particlecountswere relatively similar.



Zhu and Hinds, 2004, collectedrbon monoxideGO) andPNC profiles near4405 in
Los Angeles, Californialhey develope@dn analytical model tpredict the horizontal
concentration gradient of PNC based on vertical profile measurenetsertical profiles were
collected using a scissor lift that could extend 18 m above g#ewetl PNC decreased by
approximately 50% over the 18 m vertical e with the maximum concentration occurring at
3m.

Wu et al, 2002,also collected vertical profiles of Ry PM, 5, and PM along major
roads in Macao, China. All three PM ranges decreased significantly with height, with the
majority of the decreasecourring within the first 10n of elevationPM, s was found to
decrease by 40% over the 79 m profilaetrend was more significambr the largemparticles,
such that the PMprofile was the most uniform. The profiles collected in the morning were not
significantly different than those collected in the afternoon. Wu et al. attributed thepRrdflles
to road dust and the Ri¥and PM to tailpipe exhaust.

McKendry et al. 2004,was able to obtain profiles for Ryand PM s as well as for
temperature, md direction and speed, and relative humidity up to®@7Atsing a weather
balloon setup. Their objective was to establish the effect of domestid and coaburning in
Christchurch, New Zealand, on particulate levels faid PM s decreased significélly for the
first 40m and then remained relatively constant. The high concentrations at ground level were
attributed to a grountlased temperature inversion, which trapped the PM near the ground, and
the high source emissions from domestic firgswever,the PM, s profile was uniform on a day
without domestic burning, suggesting the source strength had the greatest influence on the

vertical PM, sconcentratiorgradient



1.3 Objectives

The objectiveof the research presented here iprivide an assessmerittbe vertical profiles of
PM near Interstate 93-93) with respect to meteorological conditiomgendsin PNCand
particle mass concentrat®with height are analyzed to characterize the impact of temperature,
wind direction, and traffic conditions dioth the magnitudand the slopef thePM profiles

This objective addresses a data gap in the literature and in the Community Assessment
for Freeway Exposure and Health (CAFEHRhe goal of the CAFEH study is to characterize the
exposureassociated witlhhighway pollutionandtherelated health effects. The study has
collected extensive grourdvel air contaminant data in four nd@ghway neighborhoods in
Boston. The research presented in this rgpantides a understanding of the vertigadofiles in
one of the CAFEH study aae In addition, thePNCand PM s profilescombine a finespatial
resolution with a large sampling height, which is unique for-hegrway vertical dispersion

studies.



2.0 THEORY

2.1 Buoyancy

Vertical transport, which goverrisevertical concentration gradieris comprsed of buoyancy
and turbulent motion. Buoyan@y caused blifferential heating that leads to temperature
gradients, which in turn causas flow. The principle of buoyancig the same for all fluids,
gases andduids alike: less dense medidlbat above more dense oné&¥hen comparing two

different parcels of air, warmer ones will rise above cooler ones according to the ideal:gas law

z

1"
where |} i s dens iisyhe mokcularsweight of asr,Rusrthe ideal\y&¢ constant,
and T is the temperatu(dacob, 1999)increasing the temperature decreases the density;
therefore, hotter air is less denbart colder aiand will rise above it

When considering a particular parcel of air, its vertical motion due to buoyancy is
dependent on its temperature relative to the air aroutidhe parcel of aibehaves
adiabatially (i.e., it does nd exchange &at with the surrounding ajijs motion up or down will
cause it to change temperaturais temperature gradient is referred to as the adiabatic lapse rate
(a):

(2) 0 -9.8K/km
The atmospheric lapse rate and the adiabatic lapse rate can be compatecthime the
stability of the atmosphei@igure 2) When the atmospheric lapse rate is #8sp and more
negat i ve., itchols mordithan 9.8K/kmthe parcel of air will continue to rise ifig
displaced upwardand will continue to sink it is displaced downwardd his scenarigs
referred to as unstable air, which leéal$heatmosphere being well mixed. When the

at mospheric | apse rate is greater than 10,

t

he



rises or sinks. This condition is called alde lapse condition becaugde mixing occurs.

Lastly, iftheatme pher i c

transport and turbulen@ets aghe primary transport mechanism.
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As indicated in Figure,Xertain diurnal trends in atmospheric stability emerge due to
differential heating. Before dawn the earth radiates heat from the surface into the air, cooling the
earth to a lower temperature than theahiove it This stake condition causes a grouhdsed
inversion where the air is stratified even close to grdamel. Oncethe sun rises, the earth
warmsfaster than the air. Over the course of the day the atmospheric lapse rate shittsuntil
mor e n e g a teadingto increased miking up to the mixing height, dengtedFzgure
3. The mixing height is the altitude at which the superadiabatic lapsghat@ashed line)
connects with the subadiabatic lapse rateaining from the ight surface coolingthe thin solid
line). The mixing height gets larger later in the afternoon as the air is heated at higher altitudes.

At dusk, the surface again starts cooling down faster than the air,gsthginycle over again

(Figure 3.
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Figure 3: Typical diurnal variation of temperatures near the grquadob, 1999)



2.2 Turbulence

Buoyancy dictates the air flow in the vertical direction. In unstable conditions, the vertical
transport both up and down is accelerated. tWleeway flow of air due to buoyancy leads to
irregularity in the flow field, which is called turbulencenélurbulentflux can bepredicted

using an empirical expressigimilar toF i ¢ k &f@ mdleawlar diffusion

@0 &0 —

where "Ois theturbulentflux, n, is the number density of air; ks the turbulendiffusion

coefficient, and—ris thetime-averagedertical concentration gradierithe flux depends linearly

on the timeaveraged concentration gradient.

Turbuence leads to a more uniform concentration gradient over time. Consider a plane
separating clean air above from dirty air below. Buoyancy will cause increased flow through the
plane in both directions. Clean air from above the plane will dilute theadirbelow while dirty
air pollutes the clean air above. When this system reaches equilibrium, the concentration above
and below the plane will be the same even though the net transport of air equals zero.

2.3 Particle Measurements

Two different types of measements are used to express the PM concentréd@.is the
number of particles contained within a certain volume oB#cause of the abundance of UFP
compared to larger particleBNC is dominated by small particlé&hen considering UFP in
particular they are more influenced Iyrbulencethan gravitational settling due to their small
size. Therefore, they will follow the flow of air rather than settle Aata resultPNC is more
susceptible to buoyancy.

PM,sis a particle mass concentrationatifthe particles smaller than 2480 in diameter.

The Environmental Protection Agency (EPA) regul&bb sas a criteria pollutant. The primary



standards are a 1&/m® annual average and a A§/m° 24 hour average. Larger particles
account for a greatg@ercent of théM, sconcentration due to their greater mass despite being
outnumbered by smaller particlésgure 4. These large particlewe influenced by settling
more than buoyancy, which results in ¥, sconcentration being only loosely comdd with

atmospheric stability.
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3.0METHODS

3.1 Site Description

All monitoring for this project took place at the Pine Street Irl)ih the South End of Boston.
PSlis located 100n west of 193 and 400m south of the Mass Pike-@0) (Figure 5. 1-93 is a
sewen lane highway as it pasdeSI that runs north to south through Boston. Approximately
170,000 venhicles use the higgay per day where it pasgeSl,divided intothree lanes
southbound, whiclwereheavily congested during the hours looked at indtidy, and four

lanes northbound:-90 runs east to westith traffic volumes of approximately 130,000 vehicles

per day.
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Figure 5: Site Locus

The PSI was selectexs the monitoring siteecause of its proximity to bottighways
and because of the istory tower connected to the main building. The tower, which faces east
towards 193, was historically a fire towdout currently is unused WSI. The first seven stories

house a staircase, while the |amir areaccessible by ladderThe ladders and hatches between

10



the final stories of the toev preventransporting any bulky equipment past the seventh floor
(Appendix A) Floors 911 are outsidéne tower; the ninth floor has crenellations that extend out
from thetower (Figure Y. The roof of the building, which was accessible from the seventh floor
of the tower, was used to take wind measurements and held the stationary monitoring box
discussing in Section 5.3he roof of the building was above the urban canopy so the wind

speed ad direction were not affected by the surrounding buildings.
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Figure 6: Aerial view of PSI

The local urban canopy impacts the wind patterns in the vicinity of the.tdwermrban
canopy is the atmospheric layer helthe mean building height in a city. This layer is dominated
by the microscale meteorological conditions that arise from the complex structural layout of the
layer.Although the lasfive stories of the toweextend above the urban canopy, the first six

stories will be affected byhe buildings near the towd?SlI consists of two buildings, each@4

11



tall and connecteftom east to wedty a 10m tall annexFigure7). The tower is located on the
eastern side of the western buildifigpese buildings resuih an urban canyon with winds
prevailing from south to north through the canyon. The vertical profiles, collected on the eastern

face of the tower, are on the western edge of this canyon. In addi®8ns raised 12n where it

passes the PSI, alteritfye emission height of that line source.

” /"/ o e
-~ / z _/; _‘.‘: .

Figure 7: Streetview of I-93 and PSI with relevant structure heights looking north

3.2 Experiment Procedure
3.2.1 Pulley System

The vertical profiles were collected using a pulley systieat hoisted the instrumentsa
customizedpelican casep theside of the tower. The pelican case was hooket @rope
which was fed through the pulley at the top of the tower and back down to aavigidund
level. The pulley was secured to ttrenellations on the ninth @ and hung down onaeter to
get over the lip at the base of the crenellati@ppendix B) The profilesthus ended onmeter
below the pulley, the final profile height was B&above the streeThe batterypowered winch

lifted the pelican case by spooling the ropee rotational velocitgf the winch depended on the

12



weight of the case, which remained relatively constant for each profile (the weight increased
slightly with height as more of the extension cord was liftedh&fground). Thénstantaneous
height of each profile was determined based on the start and end timegufile, which took
approximately five minutegssuming a constant velocity of the pelican cikese

instantaneous heights were used to avetfageata into metesized binsFinally, the profile
collected on the way up was averaged with the profile collected on thkagkgiown, resulting

in onel0-minutesprofile with a resolution of in.

Table 1: Instruments used fatata collection in tlistudy

Instrument Model Output Logging Interval (s)

Pelican Case

Condensation Particle Count TSI3781 61 3000nm Particle Count

(#ICNT?, +1- 10%) .

. . TSI <2.5um PM Concentration :
SidePak Aerosol Monitor AM510 (mg/n?) 10 (moving avg)
HOBO Temperature and HOBO Temperature®C) and 1
Relative Humidity Probe U12-011 Relative Humidity (%)

Turbometer 271 Wind Speed and Direction NA
Defender 500 Series 58185 Flow Rate (mL/min, +/1%) NA

Stationary Monitor

: , 7-3000hm Particle Count
Condensatiofrarticle Counter  TSI3783 (HICnT?, +- 10%)

Temperature, Wind Speed
Davis 6357  Wind Direction, Relative 1800
Humidity, and Precipitation

60 (moving avg)

Davis Instrument¥antage
Vue Integrated Sensor Suite

Thepelican case was equipped to hold a condensagiditle countermodel 3781
(CPG3781) a SidePak aerosol monitor, and a HOBO temperature and relative humidity probe
(Table 1) The particle instrumentgceival air from outside the box via threechesof
conductive tubingThey received power from extsion cords that ran out the window on the
fourth floor of the tower and into the pelican calee HOBO probe was clipped to the outside

of the box.The turbometeis a handheld anemometesed to take a wind speed and direction

13



measurement on the roof BSI during each profile; however, for the second half of the study
(January to March), the stationanpnitorlocated on the roof of the PSI was used for
meteorological data instead.

3.2.2 Stationary Monitoring Box

The stationary monitoring boxas located othe southwest corner of the roof at PSI,
approximately 24m above groutelel. The box was equipped with eandensatioparticle
counter model 3783CPG3783, and a Davisrstrumentgneteorological tstion (Table 1).The
wind vane did not operate properso the wind direction and speed data was not Udezlbox
was installed on 1/20/2012 and collected data until 3/15/2012, the last day of monitbang.
CPC-37830nly ran until 2/9/2012.

3.2.3 Weather Balloon

The wedgher balloon was used to get extendedemperature anBM; sprofile up to 70m above
ground.The profile was collected in the parking lot twe tother side of Paul Sullivanay

(Figure 6).The weather balloon was tethered to the winch 89 m rope. Once inflated with
helium, the SidePak andiOBO probe were attached to the weather ball&milar to the pulley
system, ascending and descending profiles were colléeaett profile took-20 minutes; eery
30secondsan angle measurementsmMakerno determinénow far the wind had pushed the

balloon from vertical. The angle measurements were linearly interpolated for the data analysis.
Assuming the winch operated at a constant rageheight of the balloon at a given timauld
becalculatedusing the start and end times of each profile Aedangle measurements

3.3 Quality Assurance and Quality Control

Quiality assurance was primarily implemented in the field through a series of steps listed in the
experimental procedure (Appendix B). Before each monitoring session, all the instruments were
syrchronized to the same timg.zero filter was used to test the lower limit of the particle
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instruments. In addition, the SidePak had a zero calibration that was conducted with the zero
filter. The flow rate of the particle instruments was asEasuredn the fieldusing the Defender
510-H before the first profile. Flow rates in the range of T4BDOmL/min for the SidePak and

500" 700mL/min for the CPG3781were required to proceed with monitorimuring each

profile, observations were recorded in thedilog. Any vehicle activity in the loading dock or
along Paul Sullivan WafFigure 3 was noted andddressed in Section 4.1Gnce the

monitoring session was concluded, the CPC was tyettaining the water in the CPC as
specified in the CPGB781 manal and stored until the next session. During data processing, data

flagged withinstrumenterrors were discarded.
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Figure 8: CPC comparisotest in the stationanmpnonitoringbox at PSI on 3/15/2012

3.3.1 CondensationParticle Counter

Several quality control expenents were conducted to ensure the precision and accuracy of the
instruments used in this study. The particle instruments were exposed to a spike to determine the
response times of the instruments. For both the CPC and the SidePak the response times were
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less than one second and thiose correctionsvere not implemented in the data processiitge
WCPC and the EPC were compared in the field at PSI and in a laboratory aetingst of
precision (Figure 8 and9The PG-3783 andCPG3781obtain similarparticle counts at low
concentration in the lab; however, in the field when exposed to concentrations an order of
magrntude larger th&€€PG3781lunderestimates thgarticle count relative to theRT-3783by
28.5% (Table 2). The $of both tests werkigh indicating that the residuals weremoscedastic
and that the partie counts of each instrument wdirgearly correlatedBoth instruments
generallyagree on the relative increase of decrease in PNC, but the magnitude of the
concentration may be off by 2986 high concentratiolhe NaskSutcliffe Efficiency Criterion

(E) is the most resilient goodnesffit metric as it accounts for both bias and variance. A value

of 1 indicates perfect agreement between the datasets.
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Figure 9: CPC precision tesh the laboatory at Tufts University on 8/2012

16



Table 2: Goodnes=f-fit metrics for the field and laboratory precision test of the €781 and
the CPCG3783. The unbiased metrics were calculated by raising the3ZBC concentratian
28.53%.

Location Bias(%) E (NaskSutcliffe) R
pS| Biased 28.53 -0.67 0.82
Unbiased 0.00 0.75 0.82
Laboratory  Biased 6.67 0.93 0.95

3.3.2 SidePak Aerosol Monitor

TheSidePak AM510 aerosol monitoreasures the light scatterinfjparticulates as they pass
through & impactor assemblip determine the mass concentration of the parti€empared to
Federal Reference MethdBRM) PM, ssamplers, the SidePakows a slight biagoot mean
square erroof 4.31ug/m?). Over a long sampling time, the SidePak is strongly correlated with

the FRMsampler
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4.0 RESULTS AND DISCUSSION

4.1 Vertical Profile Gradient
4.1.1 Temperature

The relationship between the temperature profilethachdiabatic lapse rate determines which
direction a parcel of air will travel. To distinguish between whether the parcel of air will rise or
fall, the temperature profiles have beshustedsuch that the adiabatic lapsge is a vertical
line (Figurel0). Profiles with a positive slope after tladjustmentre considered stable, those
with a negative slope unstable, and those that are vertical n@hisahdjustment amounts to a
0.35'C change at the top of the profil@(0at the bottom, and a prapional amount for the
points in between.

The diurnal variation in temperature shown in Figure 3 is also apparent in the profiles
from 12/16/11 and 12/9/11. The temperature profile shifts from a positive slope in the morning to
a negative slope in thetafnoon (Figure 11). The temperature was too low on 11/18/11 to reflect

the complete diurnal cycle.

35

N \ N

Hlt-ight .im)
LA
/\
/\./‘

15:30
16:30
17:30

} — Adiabatic Lapse Rate

0 T T T T
7.4 7.6 7.8 8 8.2 8.4 8.6

Temperature {C)

Figure 10: Vertical temperature profiles in the afternoon at PSI on 11/18/2011. The arrow
indicates thedjustmenbdf the temperare profiles.
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4.1.2 Particle Number Concentration

After this adjustmentwo types of atmospheric conditions emerge: 1) the temperature profile is
close to neutral, and 2) the temperature decseageificantly with altitude The first scenario
includes all he profiles where the temperature profile remains within a degree of the surface
temperature. In this scenario, the temperature profiles and the PN@gphafile the same slope
(Figure 17). When the temperature profile is unstable, the particles willttendntinue rising
above 35m if they are displaced upwards or continue to sink if they are displaced downwards.
This mechanism causes the particle count to increase close to the ground and decreage higher
as the particles are mixetbove 35m. Conversglwhen the temperature profile is slightly
positivethe particles will resist turbulent motion and stay in their original positibarefore,
pollution is trapped once it is emitted until taenospherdecomeunstable andilutesthe
polluted air with tean air from above.

Furthermore, in this scenario the atmospheric lapse rate is closeattidbatic lapse
rate, making the effect of measurements errors more pronounced. A small deviation in the
temperature could result in a change in the atmospséiatidity from stable to unstable, which

would impact PNC significantly.
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Figure 11: Vertical Profiles oPNC and temperature at PSI from 111180 12/1611. The

temperature profiles are corrected for the adiabatic lapse rate.

The second scenanghen the temperature drop significantly with height is indicative of

highly unstable atmospheric conditions. In this scenario, the rapid verdoaport due to

buoyancy results in the atmosphere being well mixed until it reaches an inversion, which occurs

at a higher altitude than obtained in these profiles. Therefore, the particle count will remain

constant. The magnitude of the particle caarthis scenario will depend dhe source strength

andthe mixing height, which is the height of the inversié higher mixing height has a greater

volume of air in the mixed layer, which lowers the particulate concentrations.
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Figure 12: Vertical Profilesin PNC and temperatueg PSI from 1/20/12 to 2/15/1Zhe
temperature profiles are cented for the adiabatic lapse rate.

4.1.3 Particle Mass Concentration

ThePM; sconcentration is uniform over the profile height. SiRdé, sis not affected by

buoyancy on a shotimescale, turbulent motion becomes tlmegominant transport mechanism,

which causeghe concentration gradient to be relativahjiform, indicating mixed conditiongn

addition, the PMs concentrations do not vary on an hourly times¢aigure 13)
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The PM s concentration does decrease in the extended profile on the way up at an

is located in the sky and therefore what air it is monitoring.
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Figure 13: Diurnd variations in PMswith respect to height at PSI from 11/18/11 to 2/15/12

elevation of 25n (Figure 14. This is the approximate scale height of the urban canopg sinc
most the buildings in the vicinity a5 mtall. At the peak of the profile it returns to the ground
level concentration and remains there for the down profile. The deand@bk s is a result of

the changing position of the weather balloon due talwimfts whichaffects where the balloon
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Figure 14: Extended PMsprofile using the weather balloon procedure in the parking lot
adjacent to PSI

4.2 Vertical Profile Ma gnitude
4.2.1 Wind Direction and Source Strength

The wind direction strongly influenced PNC and RMoncentrations at PSinsie the source of
the particleslepended on the wind direction. When the wind is from the west, PSI receives urban
background pollutiofrom Boston. When it is from the north and east, the highways and sources

to the east impact the particle concentrations. For the days included in Figures 11 and 12, the
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wind ranged from the southwest to northwest with the exception of 2/3/12, when itroame

the north off 190, and 2/15/12, when it came from the east-0f (Table 3) An additional day

of monitoring was conducted on 3/15/12 to capture the early morning rush hour when the wind
was blowing from the east with PSI downwind €43 (Figurel6). All three of the days with

north or east winds had elevated PNC and Pdncentrations compared to days with west

winds.
14 21
0 - \/0lume Northbound 0
—\/0lume Southbound
120 Speed Northbound 180
- Speed Southbound
=100 P 150
£ 5
< 80 120 g
< 3
£ 60 90 g
=) n
(@]
> 40 - 60
20 30
0 T T T T T T T T T T T T T T T T T T T T T T T O
O O O O O O O O O O O O O o oo o o o o o o o o
© © © O 9 90O 9O O 9090 9 9 90 90 Q90 Q0 9o QO Qo o 9o o9
S d AN M < I0 O N 00 O d N M I 1D O~ 0O O A4 N O™
I A4 A4 A A A d —+H +H <4 N N N N
Time (hh:mm)

Figure 15: Diurnal variations in traffic volume and speed northbound anthbound on-493 on
11/182011

The increase in PNC is attributable to automobile emissions on thedyighive
proximity of the highway allows particles generated on the highway to reach PSI before they
have coagulated and condensed into larger particles, which would lovgarticée count. PNC
has a relatively short lifetime in the atmosphere due to coagulation, condensation, and reaction,

SO proximity to the source is an important factor.
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Automobile emissions amsmallsource of PMscompared to other industrial and
comnercial sourcesThe largest PMs source to the east of PSl is Logan airport, which accounts
for 1% of mobile PM s emissions in thgreateiBoston aregRatliff, 2009) This percentage is
high considering the small area of the airport relative to theo§iBeston. The airport acts as a

large area source, which will emit a wide plume towards Boston during east winds.
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Figure 16: PNC, PM, 5, tempeature, and relative humidityr@files during morning rush hown
3/15/2012 at PSI
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4.2.2 Atmospheric Stabilty

The magnitude of thENC profiles alsodepends on the variati in the temperature profiles over
the course of the day.d3pite moderate traffic reductions after the morning rush houPNiae
concentrationncreasd from morning tamiddayon 12/16/11 and 12/9/11 (Figure 1%he
superadiabatic and neutral temperature proilegyest thabn these days the particulate matter
is trappedasnew emissions during this period add to the particulate I€¢Fejare 11) The
levels will increase until a subadiabatic condition occurs, such as when theaisrup the
ground faster than the air aboveailowing a greater degree of vertical miximgthe winter, the
atmospheric lapse rate does not become subadiabatic until aroundTh&6ad result is
increased mixing occurs around 14:00, and then the air idutgabtiuring the afternoon rush
hour(Figures 11 and )2PM; 5, on the other hand, does not vary on an hourly timescale, so
diurnal variations in atmospheric stability do noteaffits magnitude.

The profiles from 3/15/12 also demonstrate the impact of atmospheric stability on PNC.
The temperature profiles indicate the neutral conditions on 3/15/12 up26 &0elevation
giving way to unstable conditions higher up, especialth@07:15 and 08:00 profiles. As a
result, PNC above 20 m drops off as it is able to mix upwards, while below 20 m the PNC is
elevated. The concentrations below 20 m are not as high as on 2/15/2012 because some of the
particles are transported to the widé region due to turbulence. In comparison, the temperature
profiles from 2/15/2012 range from neutral (16:00) to slightly stable (17:00 and 18:00), causing
the particles to remain trapped near the ground and the concentrations to rise. The consentration
exceed those from 3/15/2012 despite the traffic conditions being worse on that day, suggesting

that atmospheric stability has a greater effect on the PNC concentration than source strength.
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4.3 Additional Variables

Several variables outside tlseopeof this study affected specific days or profiEsdneed to be
addressed. Temporal factors influenced the pro#esn though the profile collecting process

took only 10 15 minutes. Local, pulse sources, such as trucks using the loading dock, could
increaséhe PNC near grounlével. Emissions from before a profile was collected could also

rise and cause a high concentration zone at a specific elevation. By analyzing the up and down
profilesseparately and using observations from the field, some of the aotdrastic spikes in

the PNC profiles were explained. For examphe, $pikes at 13:00 on 12/9/11 and at 15:30 on
11/18/11 both arose from a source being introduced in between the up and down profile. Despite
being averaged with the up profile, the higbencentrations near growhelel in the down

profile caused a significant spike. The spike at 8:30 on 12/16/11 is attributable to trucks using the
loading dock before and during the profile.

Theurban canopylsoplays an important role in the shapelod PNC profiles. The
annexbetween the east and west buildings of PSI im1igh, and the soutto-north winds that
prevailthrough the east and west buildings will mix and dilute particles emitted in the loading
dock or along Paul Sullivan Way as seeithe 8:30 and 13:00 profiles in Figurgand the 9:00
profile in Figurel2. The PSI buildings are 24m tall, which is another height at which the particle
count will be influenced by changing wind conditioAs this height he soutkhto-north winds
that ae typical in the urban canyon give way to the regional wind diredtiogeneral, the
buildings in cities lead to a more irregular flow field, resulting in greater mixing. Therefore,
more mixing and more uniform concentration gradients will occur witierscale height of the

buildings in a city than in a rural landscape.
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