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Introduction

Chapter 1-7 of th&khode Island General Lawise Permanent Air Quality Monitoring A¢the
Act), requires the Rhode Island Airport Corporation (RIAC) to cotahgsterm air monitoring
at four sites located near TFEE v JE%}ES §} 8§ Eu]v 3Z Ju% Z}( " ]E %}oopus vieU AZ]
may be harm(po 3} %o p o Jon the dé&ndely populated, primarily residential area of the
1SC }(t EA] |_ 3Z § «uE EEuR10fdie Acl Earp@ERIXC to monitor particle
count, as an estimate of ultrafine particles, and black carbon

RIAC began monitoring for these pollutants in early 2008 using proceduarkspecifications
outlined in a workplan developed in consultation witretRhode Island Department of
Environmental Management (DEM) and the Rhode Island Department of Hel&HDHIR as
required in 8 1-7-1. After consultation with RIDOH and DEM, Ri&\&mended the workplan in
subsequent years, and those amendments include changes in the locétiom monitoring

site east of the airport, moving a monitoring site south of exten&eshway 5-23, and an
elimination in the monitoring of certain pollutants. The curréagislation expires July 31, 2024

The 2017 legislation also requires RIDOH to prepare an annual wepictt shall contain a

summary of the data collected from the monitors, the departmeritiglihgs, analysis,

conclusions, and recommendations resulting from the data generagezhd from the

peEu v v3 JE <g 0]5C u}Vv]EIEe ~"EZ U}V]S}@EA + X EZ]* ({34 W¥Zoo00
report. Inquiries about this report and its contents can be dieddo Michael C. Byrns, PhD,

Environmental Health Risk Assessment Toxicologist Center for Healthy Homew@odrient

Rhode Island Department of Health (contact information below).

Michael C. Byrns, PhD

Environmental Health Risk Assessment Toxicologist
Center for Healthy Homes and Environment

Rhode Island Department of Health

3 Capitol Hill, Providence, Rl 02908
Michael.Byrns@health.ri.gov

401-222-7766
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Monitoring Strategy

Monitoring procedures used to measure the pollutants identifie@il-7-1 of the Act following
the 2017 amendments use continuous monitors, which are electrdevices that record the
pollutant level on regular time intervals, to measure ultrafinetigdes (particles smaller than
0.1 microns, estimated as particle count) and black carbon (acatadiof pollution as a result
of combustior). RIAC monitors in accordance with the Air Quality Monitoring Work (8Gth
RICRL0-00-3) last amended in November 2019 and a Quality Assurance Projectiplaoved
in 2008.

Prior to the 2017 amendments to the Act, monitors were placechadlinal directions (one

north, south, east, and west) in relation to the airport. Two monitgritations, Lydick and

Field View, remain in their original location. The Pembroke stdtambeen relocated twice,

once to accommodate the relocation of the Winslow Park athléid$ and again after

construction of the athletic fields was completed. The curreiat wias selected by residents

and is near its original location east of the airport. The monigpstation previously located at

the Fire Station, which was west of the airport, was moved to a neviibwcan Smith Street,

south of the extended runway, in the second quarter of 2020 to acconateoithe amended

0 A[« & <p]E u v3 8Z § u}v]s}E- *]PVv (33Zu YRIEV SZEuh G }
See Figure 1 for locations. Further site-specific details are lstkxv.

X TheLydicksite (north of the airport) is on Lydick Avenue in the Hoxsie secfion o
Warwick, about 0.5 miles northeast of the northeast (23) end ofrttaén runway. The
area around this monitor is a residential neighborhood, amel¢losest residence is
approximately 25 yards from the monitor.

X TheField Viewsite (south of the airport) is located on Field View Drive less than 0.1
miles west of the taxiway to the main runway (runway 5-23). Flights takingioff o
runway 5 (to the northeast) idle in line in the section o tlaxiway near the monitoring
site while waiting for clearance, and then they turn a coramed enter the runway to
begin take off. The site is 0.1 - 0.2 miles south of airport parkieasaFor the 2005-
2006 monitoring study, the Field View monitoring shelter was in the yhath @ccupied
home, but RIAC has since purchased and removed that and neighboring homes. The
closest residence is approximately 220 yards from the site.

X The Pembrokesite was originally located just east of the airport on Pembrokendege
which was the street closest to that side of the airport. Adtttime, occupied
residences were located adjacent to the site. Those homes armtkress on the next
parallel street, Gayton Avenue, have been purchased and removed by RIA@WVin
Park, which was then located south of the airport, was moved to the Pemi#o&sue
area to make room for the southern extension of the main runway.eSinoe 2015, the
station has been in its current location, which is off Rowe Aeein the side of
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Winslow Park most distant from the airport and adjacent to the dosesidences on
Wilber Ave. This location was selected by a group of residentseégweby RIDOH and
DEM, and codified through a workplan amendment.

X The site currently located @&mith Street near Greenlawn was previously located at the
Fire Stationsite. This station was previously located behind Fire Station #8,
approximately 0.25 miles northwest oftheedd $Z JE %} ES[* » }v EC EuvA CX
RIDOH and DEM determined that data collected at the Fire Stat®osesmed to
indicate that the pollution levels measured at the location warere heavily affected
by non-airport sources rather than those associated with the air@®dt-7-1 was
amended in2017 to require a monitoring station south of the extended ruaywThe
monitoring station was taken offline for repairs and recalibrationDecember 4, 2019
The station was moved to the Smith location and was brought baakeooh April 24,
2020

Airport Site Locations _ 3 # iz 2o & eoend

Location of airport sensor sites. All } ,b e ¥ 5 g > ® Fieldview Avenue
§ measure both ultrafine particles and 2 g B : e i ® Lydick Avenue
Skoar 3 e J [® Pembroke Avenue
N [® Smith Street

Figurel: Locations of Air Quality Monitoring Sites
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Background

During the current year, both ultrafine particles, measuasgarticle count, and black carbpn
measured in nanograms per cubic meter (ngfnwere taken in one-minute intervals. This
changed from previous years when particle count was measur#@ gecond intervals and
greatly reduces the volume of measurements taken, allowing for edsigr processing and
analysisThere is no loss in useable data from this change because thecbdd interval data
was too variable to use without averaging it by minute. For theentranalysis, both particle
count and black carbon levels were averaged into one day intervedls@mpared against the
daily weather data. A daily timeframe was chosen because health data are &vaited daily
timeframe. Though not included in this report, future analyses may exauany correlation
between health outcomes in nearby communities and air pollutevels.

Ultrafine particles, particles less than 100 nanometers)(in diameter, are associated with
cardiovascular disease and other health concerns and may be mocethhaxi more commonly
measured larger particles, such as fine particles less than 2.5 miem @M. s). Ultrafine
particles are primarily emitted by combustion. Their concentrai®elevated near pollution
sources and decreases quicklith time and distance, due to dispersal and a combination of
evaporatbn of small particles and condensation onto larger particles. Thesgepses increase
particle size while reducing particle count. Ultrafine partides thus representative of local
pollution sources and not suitable for evaluating regional palutBecause of the variability in
8Z ]E& o A o }JA €& +Z}ES ]d&toestablishistamadrds for kvels of ultrafine
particles and it has been challenging to evaluate the assatlaealth effects. However, they
are also easier to associate with specific sources. The measurefeiriadine particles in the
current study provides an opportunity to better understatig conditions leading to their
production and may allow future investigations into associatedthesffects.

Although it is difficult to distinguish the effects ofnaline particles from other pollutants that
they typically cooccur with, there is increasing evidence to suggasstiort-term ultrafine
particle exposure causes respiratory and cardiovascular health effects.Shipstances tend to
be concentrated on ultrafine particles and more bioavailable] thus may be more likely to
cause toxicity than larger particléDue to their very small size, ultrafine particles, when
inhaled, can travel deep into the respiratory tract and pass across mareb in the body that
would block the movement of larger particles. A 2015 study by théo@ah EPA demonstrated
that long-term exposure to ultrafine particles contributesheart disease mortality. Certain
constituents of ultrafine particles, including copper, irather metal, and elemental carbon
(soot) were strongly associated with death from heart attatks.
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Black carbon is also measured continuously at the airport sites. It ieébas a result of
incomplete combustion of fuels and is therefore used as aitatdr of vehicle exhaust. Health
effects of black carbon exposure include negative effectespiratory and cardiovascular
health, a positive correlation with all-cause hospitalizations, elt @ an increase in all-cause
mortality from long-term black carbon exposut@here is not a standard for black carbon, but
it is the combustion component of B PM:shas a National Ambient Air Quality Standard
which was not exceeded in previous monitoring around the airg@etause there appears to
be more variability in black carbon levels as a result of actviiend around the airport than
PMzs, black carbon measurement has continued after monitoring oéopiollutants stopped
following the 2017 amendments to the Act. During a previouss2@06 study, black carbon
levels at the sensors near the airport were higher when thedwias blowing from the airport
than when it was blowing away from the airport. For this reasdeclcarbon levels have
continued to be measured after PMand other pollutants from the original Act were
discontinued.

DEM and RIDOH routinely measure black carbon levels at three sitesareth&he East
Providence site is behind an elementary school in an urbardeesal areaof East Providence.
The Near Road site is immediately adjacent to the busiest, most congestéshsafcinterstate
Route 95 (B5) in downtown Providence. Lastly, there is a site located attbemunity

College of Rhode Islan@CRIListon campus. The CCRI Liston Site is southwest, and typically
upwind of the largest source of pollution in the are®5l-Therefore, it is likely representative

of the background levels of black carbon and ultrafine particléshode bo v [+  witiess
Particle count is also measured at the CCRI site and the NedrsReaThe measurements

from these sites provide context for the pollution levels measurgdhle airport stations and

will be discussed later in the document.
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Environmental and Temporal Effects

The many changes to daily life as a result of the COVID-19 pandenpictantial sources of
confounding over the past two years. There was a change inlim ééyints during the
pandemic (Figure)2While this may present an opportunity to examine the effedtslmnging
flight numbers on air pollution, many other factors that alsamged during the same
timeframe due to COVIM9. Several of these changes involve other sources of pollution, such
as changes in auto use and decreases in manufacturing activity durkagvats. Given that
these changes occurred simultaneously with changes in flightrers and that quantitative
data available, we cannot correct for these potential source®nfaunding. Due to the
atypical nature of this period and the inability to corréot these factors, our findings are not
conclusive and should not be extrapolated to other timeipés. We hope to compare these
results in the future to other data sets, which might allow fdredter understanding of the
conditions that contribute to pollutant formation, inclirty airport activities.

Total Number of Flights, by Day,
July 2019 - June 2021

Total Number of Flights

Jul 2019 an 2020 Jul 2020 Jan 2021 Jul 2021

Month
Figure 2: Daily flight numbers were highly impacted by the COVID-19 pandemts.rBpiesent
individual day results, while the line represents a smoothed average daily numflights. A sudden
dip was observed as a result of lockdowns early in the pandemic (March, 2020)st@zdin decrease in
flights was observed through fall and winter of 2020 before a substantial incie2821.

Both black carbon and ultrafine particles exhibit strong seasmeatls. As seen in Figure 3
black carbon levels peaked in late fall or winter and weveekt during the spring. The seasonal
trends on black carbon may result from seasonal effects on windtaire which was

examined in previous reports. Particle counts (Figure 4) wereekigh the middle of winter

and lowest in the summer. The particle count trendkslii driven by temperature, as
increasing temperature is known to be negatively correlated witticle count.

There is a notable discrepancy between the expected season trahtharLydick particle
count data for this period. Although past data collected at the fillow the expected seasonal
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trends, the 2021 data diverge from this pattern. Rather than dasireg during the spring,
particle counts decreased slightly but then increased and hagpeaked at the end of the
current study period on July 1, 2021. While new constructiorviigtis one hypothetical cause,
no new construction nearby was seen on satellite maps. Anothssipiity is that this is
related to the increase in flight numbers, particularly smaller gtatihat operate out of the
north end of the airport closest to Lydick. The cause has yet {déified

Average Daily Black Carbon,
July 2019 - June 2021

sensor location

Average Black Carbon Concentration (ng/

Jul 2019 Jan 2020 Jul 2020 Jan 2021 Jul 2021
Month

Figure 3: Average daily black carbon levels showed clear seasonal trends, peaking iroiaéafi
winter and reaching its lowest point in spring.

Average Daily Particle Count,
July 2019 - June 2021

sensor location

Fieldview

Daily Average Particle Count (particles/cm”)
. » 3

ul 2019 Jan 2020 Jul 2020 Jan 2021 ul 2021
Month

Figure 4: Average daily ultrafine particle counts showed clear seasonal trends, peakinter and
reaching its lowest point in the summer.
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Both pollutants exhibited daily temporal trendsdifires 5 and 6) that included peaks around 6
a.m. and 8 p.m. anaWsaround 3 a.m. and 12 p.Rarticle count levels were lowest in the
early morning, when all values converged to approximately 5000 partielesng, while black
carbon was lowest midday. As was discussed in previous reports, theng@mid evening
peaks observed for black carbon and ultrafine particles align théttimes of morning and
evening commutes. A much smaller increase in particle counirget midday, when hourly
flights peak (Figure 7), and no such increase was observed fordaldakn. This suggests that
for the measured pollutants, highway activity is likely a greater cautivibto temporal trends
than flight activity Due to the lack of highway data, we are unable to examinertipact of
udlu} Jo SE ((] }v 8Z } - EA ]E <p.0o]8C Jv §Z]« C E[*s E % }ES

The black carbon hourly trends wesinilar between locations, each displaying consistent
relative hourly values in relation to the other sit@here was more variability between hourly
particle count trends at each of the sites. The greater vargliktween sensor locations for
ultrafine particles compared to black carbon is expectdttafine particles do not travel as far
as black carbon and will be more affected by close sources ratherrdgional sources. Three
of the four sites exhibit a small mid-day increase in particle cguarbund the same time that
hourly flights peak. This suggests that airport activity contributes nwtdtrafine particles
than black carbon.

However, airport activity does not align with the morning or emgrpeaks in pollutants and
does not fully explain the temporal changes. Based on these datapears likely that the
pattern of automobile use is the biggest contributor to théat@nship between time of day
and pollutant levels. The timing of flights has an observableeéfie the average particle count
data by hour but not on the black carbon concentration by thou

Average Black Carbon, by Hour,
July 2020 - June 2021

ion (ng/m”)

sensor location

Average Black Carbon Conc

15 20

’ Time of D.;y (Military Time)
Figure 5: Average hourly black carbon followed a consistent trend across alisitesstrong peak in
morning and the evening, accompanied by subsequent decreases during midday and in the early
morning.
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Average Particle Count, by Hour,
July 2020 - June 2021

sensor location

= Fieldview

Hourly Average Particle Count (particles/cm’)

. o
0 20

. Time of Da;ﬂ (Military 'I:nne)
Figure 6: Average hourly ultrafine particle count followed a consistent trend adresstes, witha

strong peak in morning and the evening, accompanied by subsequent decreases during midday and in
the early morning. There was more variability between locatfon particle count than was observed

for black carbon, and the midday dip was much less pronounced.

Total Flights, by Hour,
July 2020 - June 2021

4000

yhts by Hour

Total Number of Fli

10

Time of Day (Military Time)

Figure 7: Flight activity by hour of the day exhibited a peak in early aftarand almost no flights
between midnight and 5 a.m.

Seasonal trends for temperature, rainfall, wind speed, and wirettion were also considered
as sources of potential confounding for the relationship betweellution levels and flight
numbers. Trends for July 202Qune 2021 resemble the previous year, and as such will not be
examined in depth in this report. Compared to last year, the ardjor meteorological

difference was there were more heavy rainfall days and fewer tiginfall days. Temperature
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and wind direction showed the most seasonal variation, whiah lise with previousGC & [
observations.

Given that wind speeds vary by direction and that wind speed disgepollutants, the
interaction between wind direction and wind speed was sidered as a potential confounder
for their interaction with pollutant levels. As can be seefrigure 8, wind speed is correlated
with wind direction, with lower wind speeds coming from theuth and east. We did not
attempt to model this interaction, as controlling forna direction resulted in small number
instability for several wind directions. For example, there waly one day of wind primarily
from the east-southeast.

Average Windspeed by
Average Daily Wind Direction

.

Average Windspeed (mph)
AN ik
r_‘ﬂ?/
. {3 T ?‘}17 "
S A
SRy
m
n T

Wind Direction

Figure 8: Wind speed shows directional trends, with stronger windspeed from the attvest than
from the south or east.

Wind speed and rainfall are both anticipated to afféet number of flight operations. As can
be seen in Figure 9, wind speed is negatively correlated vigtit fount, meaning as wind
speeds increase the average number of daily flights decrease.id@svation is in agreement
with the previousC  @Hjdervations. Figure 10 shows that while there were more dalytf
on days without rain than days with light or heavy raivere were more flights on heavy rain
days than on light rain days. This differs from what was observed in prepgaus. The effect

of rainfall on flight numbers is relatively modest, and thiscdgpancy could result from random
chance or seasonal trends in both rainfall and flights.
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Number of Daily Flights by Wind Speed,
July 2020 - June 2021

250

R"2=0.132
.t p-value = 0.001
y = -4.34x + 157

Number of Daily Flights

10 15
Wind Speed (mph)

Figure 9: Wind speed is negatively correlated with the average number of dsiltg fAshypothesized,
conditions with higher windspeeds result in fewer flights. This pattern is likely drivemaly planes, as
RIAC reports that there are few weather-related cancellations of commercial flights.

Average Number of Daily Flights by Rain
Category, July 2020 - June 2021

S

o

AverageNumber of Daily Flights

None Light (<0.5in.) Heavy (>=0.5in.)
Rain Categories

Figure 10: Days with no rainfall averaged more flights than days with rainfall, buecagawmore daily
flights occurred on heavy rainfall than light rainfall days.

We also examined the amount of time that the sensors were catigatalid measurements
during the reporting period (Table 1). The target is to accurately c@®0% of the potential
data points (capture rate). This was achieved by all black carbon senxsonined, with an
average capture rate of 9%%.

Three of the four particle count sensors reached this level ds with an average of 88%of
the possible data points collected for all sites and times.Shéh sensor collected much less
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reliable data than the rest of the sensors, but the cause iastified and corrected during the
reporting period. There was a sensor malfunction from when thessewas installed until

repairs were madgapproximately November 20 (Figure 11). As such, these early values were

excluded from other analyses. When considering only the measurent@ken post-exclusion
period, the capture rate is®7%, which is in line with the other sensor capture rates.

Table 1: Sensor Capture Rates, by Site, July 1, 2QRthe 30, 2021

Pembroke | Lydick Fieldview Smith Average
Particle 95.4% 99.8% 98.3% 60.0%* 88.4%
Count
Black 99.3% 98.5% 99.3% 99.0% 99.0%
Carbon

*When excluding period of sensor malfunction,

Daily Average Particle Count (particles/cm’)

Smith Particle Count,
July 2020 - June 2021

Jul 2020

Jan 2021

Day

Apr 2021 ul 2021

96.7% capture rate.

Figure 11: Smith Particle Count, July 2020 - June. 2@2the chart illustrates, the sensor was
malfunctioning before approximately November 20, 2020. The data from the neilfuning period has
been excluded from most analyse
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Particle Count Results

The 2017 Annual Report examined the particle count data on asgake of minutes to hours.
It examined the effects of individual planes on the partidards at downwind sites and trends
in particle count during different times of day. These resulipbe clearly establish a
relationship between specific aircraft operations and particlentokiowever, tlis fine level of
detail will be less useful for establishing relationships betwibendata collected at the sensors
and negative health effects, which are not easily available osehione scales. Thus, this
report focuses on examining the average particle count per day. 3qefudaily averages may
eventually allow for comparison of the pollution data collectgdhese sensor locations against
daily asthma and cardiovascular disease hospitalizations to see whétreris any interaction
between the two and better understand the health impactdtese pollutants, regardless of
their source. This analysis would be for scientific purposes anddwmot contribute to a health
advisory or other outcome associated with specific pollutioraswements, given the local
nature of these measures.

There was a negative correlation between wind speed andgartiount at all sites (Figures 12-
15). This is expected as higher wind speeds increase the ratetai@ dispersion. The
observed correlations for three sites, Smith, Fieldview, and Lydidle, similar, while

Pembroke was least affected by windspeed.

Effect of Wind Speed on
Particle Count, Smith

R*2 =0.202
* p-value <0.001
.. y=-527x + 12900

Daily Average Particle Count (particles/cm’)

10 15 20
Wind Speed (mph)

Figure 12: Increasing wind speed was found to be correlated with decreasing partictextthe Smith
Street site.
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Effect of Wind Speed on
Particle Count, Fieldview

.
20000 . .

Daily Average Particle Counltpartlcles;"cnf’r

RA2 = 0.166
pvalue <0.001
y = -473x + 12100

10
Wind Speed (mph)

o

Figure 13: Increasing wind speed was found to be correlated with decreasing particteatthm

Fieldview site.

Effect of Wind Speed on
Particle Count, Pembroke

30000

10000

Daily Average Particle Count lpamcles;‘cmjt

R*2 = 0.0334
p-value <0.001
y =-255x + 11400

5 10
Wind Speed (mph)

Figure 14: Increasing wind speed was found to be correlated with decreasing particteattm

Pembroke site.
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Effect of Wind Speed on
Particle Count, Lydick

R"2=0.164
o P s . T = : K = p-value <0.001
LR PO S S p y=-635x + 15300

Daily Average Particle Count (particles/cm’)

10 15
Wind Speed (mph)

Figure 15: Increasing wind speed was found to be correlated with decreasing partictettusLydick
site.

Wind direction appeared to be one of the most significant factodeitermining particle
counts at each site. Particle counts were two to three timghéi on days when each monitor
was downwind of the airport compared to when the same monitass upwind (Figures 189).
This is consistent with the hypothesis that activities at or rilearairport contribute to ultrafine
particulate levels at these sites and was anticipated becaussink particles can only
disperse a limited distance from the source of emissions befoneerting into larger particles
of more regional significance.

Of the four sensors, Smith displayed the greatest variabiliigre are several causes for this.
One is the limited sample size for that site; it had fewer daysable data and thereforesi
more susceptible to random variability. Additionally, a numbehefwind directions had very
limited number of recorded daysthree for east and only one for east-southeasthich
further suggests some of these estimates will be unstable. Furttenitoring will be needed to
determine if the east-northeast peak is real.
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Particle Count
by Wind Direction, Smith
p N
12500 NNW NNE
10000 NW
7500
5000 WNW

2500

o
=

W3W

sw SE

Daily Average Particle Count (paﬂicles,"cmz)

SSW S8E
S

Figure 16: Ultrafine particle pollution was found to be highest when winds cometfremorth. A
second peak was detected to the east-northeast.

Particle Count
by Wind Direction, Fieldview

N
NNW NNE

NW
10000

WHNW
5000

Wsw

sw SE

Daily Average Particle Count (particles;’cm":

SSW S8E
S

Figure 17: Particle counts were highest when winds come from east and northeastobteast winds
were only observed on one day, which limits the interpretability of the low lebsérved.
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Particle Count
by Wind Direction, Pembroke

N
NNW NNE

12500

E
i
2 10000
©

ESE

sSwW SE

Daily Average Particle Count ( part

Figure 18: At the Pembroke station, particle counts were highest with windstfie northwest.

Particle Count
by Wind Direction, Lydick

N
NNW NNE

NW NE
10000

WNWY
5000

ESE

Daily Average Particle Count (particles/cm”)

Figure 19: At the Lydick station, particle counts were highest witdsvrom the southwest.

Temperature was negatively correlated with particle count for Sphiteldview, and Pembroke
but not for Lydick, as seen in FiguresZBower temperatures are expected to facilitate
particle formation by increasing the rate at which semi-volatdenponents of exhaust
condense. Lower temperatures may also slow particle aggregation bgirgdevaporation. As
was noted in the previous reports, temperature has the strongestelation with particle
counts at the Pembroke site. The differences between thensfife of the correlation for the
three sites is likely due to the confounding effect of th&ationship between temperature and
wind direction. Winds from the northwest, which wouldett pollutants toward the Pembroke
station, are associated witl Z} /< 0 coo[est weather.
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As was previously mentioned, the Lydick sensor exhibited anomalous seasomial This may
be related to discrepant findings for temperatufather than exhibiting the expected seasonal
decrease in Spring 2021, the particle count increased during this(kigare 23)This increase
may explain the lack of significance for the effects of terapge. However, the cause of that
increase has yet to be identified and further data will be neettednderstand this finding.
Alternatively, the Lydick sensor is located to the north of the atrffoutherly winds are
associated with warmer temperatures and would direct particlegiftbe airport and nearby
roads toward the Lydick station, which could also explain tisisrépancy.

Figure 20: Ultrafine particle count is negatively correlated with temperature at ththSite.

Effect of Temperature on
Particle Count, Fieldview

R*2=0.117
20000 v . p-value <0.001
¥ y=-75x + 12100

Daily Average Particle Count (particles/cm’)

50
Daily Average Temperature

Figure 21: Ultrafine particle count is negatively correlated with temperature at theviigel site.
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Figure 22: Ultrafine particle count is negatively correlated with temperature at ¢nebifoke site.

Figure 23: Ultrafine particle count was not correlated with temperature at the Lydek si

Precipitation affects particle count, as seen in figfeThe previous report hypothesized that
particles would be removed by precipitation. In this analygdisafine particle levels were
found to be associated with rain cateyat three out of the four sites. Fieldview was the only
site that did not display these trends, with rainfall havirtidelimpact on particle count at the
site, as observed in the previous report. The lack of correlatidfiedtiview could be a result of
a confounding effect of wind direction on precipitati@veéls.
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Figure 24: At all sites but Fieldview, rainfall resulted in a decreased daily aparéigke count, with
little difference between heavy and light precipitation days at all sites excephSmi

The correlation between daily number of flights and particart was also considered (Figures
25-28). When not adjusting for confounders, there was a positive @trogl between particle
count and number of flights for the Fieldview site and Lhyelick site, but not at the Smith
Steet or Pembroke sites. The correlation at the Fieldview sensor was srithlgwR value of
0.01 Similar trends were observed in the previous report. One postetkplanation as to why
Lydick has the highest correlation with flights is that it éated nearest to the private hangars
and small planes presumably account for much of the variabilitiaihy flight numbers. Due to
this proximity, the particle counter at Lydick is most likely to dethe activity of smaller
planes, which is a hypothesis for why it would be most sengitithe number of daily flights.
The lack of correlation at the other sites is likely the restithe various confounding factors,
including weather and traffic, that have a larger effect angaiality than flight numbers.

As in the last report, correction for meteorological factors led siaistically significant
positive correlation between flight number and pollutdavel at all four sites (data not shown).
However, this year, we were unable to get any traffic data, whihdd our ability to examine
the relationship between flight number and particle count.
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Figure 25: Without correcting for confounders, total number of daily flightsmeasignificantly
correlated with particle count at the Smith site.

Figure 26: Without correcting for confounders, total number of daily flights wagipely correlated
with particle count at the Fieldview Site.
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Figure 27: Without correcting for confounders, total number of daily flights wasignoificanty
correlated with particle count at the Pembroke site.

Figure 28: Without correcting for confounders, total number of daily flights wagipely correlated
with particle count at the Lydick Site.
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Black Carbon Results

We similarly examined the relationship between meteorological conditionisagmport
activities and black carbon levels at each sensor.

Wind speed was well correlated with black carbon levels, asqushi discussed for particle
count. Increasing wind speed was associated with decreases indalgwén concentration
(Figures 29-32). This effect was expected, as wind speed decreasgmpddvels through
particle dispersal. Trendline estimates were drawn with linegression; however, a nonlinear
trend that is more sensitive to the effects of wind at low ege would better reflect the
distribution. This non-linear relationship was more pronounémdblack carbon than for
particle count, although it was also apparent for particlemn

Figure 29: Increasing wind speed was found to be correlated with decreasing black catte®atith
site.
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Figure 30: Increasing wind speed was found to be correlated with decreasing black catfien at
Fieldview site.

Figure 31: Increasing wind speed was found to be correlated with decreasing black catfibn at
Pembroke site.
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Figure 32: Increasing wind speed was found to be correlateddeitiheasing black carbon at
the Lydick site.

The relationship between wind direction and black aarlzoncentration differed from that

observed for particle count. The different stations exhibigedimilar response to each other

with differingwind JE §]}veU ¢ ¢ v Jv &]PUE TiX /v }VvE[EVZU%A]v JE 3]}v[e E o §
Al8Z % E3] o }uvd A+ Z AloC Jv(opu v S« QVSE OSEMWYr %0 JE%]}ES

This suggests that the airport plays a much smaller role in local levelsolfcarbon than it

does for particle count, which is expected given the regionflnesof black carbon and the

local nature of particle count.

Figure 33: Each of the four sensors displayed similar effects with regard talinéction. For most
wind directions, the Pembroke station detected the highest average levelad{ barbon, while
Fieldview detected the lowest.
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Unlike for particle count, temperature appears to have ledieffect on black carbon
concentrations (figures 387), with either no association or a slight association between
increasing temperature and increasing black carliglack carbon levels are not affected by the
condensation and evaporation processes that were previously discussetirédine particles.
These findings are consistent with earlier result

Figure 34: Increasing temperature was correlated with increasing black carbon at theShaét site;
however, the impact over the observed temperature range waslisma

Figure 35: Increasing temperature was found to be correlated with increasing lldmnct the
Fieldview site; however, the impact over the observed temperature range was smal
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Figure 36: Increasing temperature was not found to be correlated with increasioigdatbon at the
Pembroke site.

Figure 37: Increasing temperature was not found to be correlated with increasiok tdrbon at the
Lydick site.

The precipitation trendobserved in Figure 38 support the hypothesis that rainfall desee
black carbon levels. All sensors were similarly impacted by diffeaégnrfall categories. As was
observed in the previous report, no-rainfall days had the highesrage black carbon levels;
however, this year the highest rainfall category had the lowest aetdack carbon levels,
whereas last year the light rainfall category had the lowest.
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Figure 38: Rainfall was found to decrease the detected levels of black carbbeeatsdr sites, and days
with heavy rainfall were found to have less average daily black carbon than ligfatlrai

As seen in Figure39-42, the total number of daily flights has a positive correlatioth
measured levels of black carbon. Thisfand to be statistically significant at all sites
however it was a minor contributor to overall concentrationsall locations, with low Rvalues.

Figure 39: Increasing numbers of daily flights were found to be correlated with giegellack carbon
at the Smith site.
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Figure 40: Increasing numbers of daily flights were found to be correlated with giegellack carbon
at the Fieldview site.

Figure 41: Increasing numbers of daily flights were found to be correlated with siegelalack carbon
at the Pembroke site.
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Figure 42: Increasing numbers of daily flights were found to be correlated with giegellack carbon
at the Lydick site.
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Correlations between the Collected Data

Correlations among sensor results further support the hypothesishteatk carbon levels are
more affected by distant sources of pollution while the ngaairport is a major factor for
particle count measurements. For this reporting period, as sedalile 2,}v « ve}E][*
readings for black carbaare highly correlated with black carbon results at the other thre
locations, which is expected if the four were in similar locati@hative to important pollution
sources. Particle count readings that are not highly correlated éetvthe sensors are
expected when the relative direction of the pollution source(sfeds between sensor§he
finding that black carbon levels are closely correlated at all limeations while particle counts
are less closely correlated reinforces the findings of the interastimetween pollution level
and wind direction at the three stations.

There was some correlation between the particle counts ateassid particle counts at the
other three sites and between measurements of black carbon amtigle counts. This
association is expected because, except for wind direction, ofdabie major variables that
would affect pollutant levels will affect levels at all faites similarly and will affect both black
carbon and particle count levels similarly. Wind speed, tradfiels, and flight operation
intensity are expected to have similar relationships with patadunt and black carbon at all
four locations.

Table 2: Spearman correlation of daily air quality results, by site and type. Alicalidon sites showed a hi{ Eormatted Table
level of correlationBGBG blue) which was not present in either Particle Cotuftarticle CountfGPC yellow),
Black Carbort Particle CountRGPGC green), or same site combinatio¢esg., Fieldview Black Carbon vs. Fieldvi
Particle Count, dark green).
Fieldview = Pembroke Fieldview A Pembroke

Smith BC | BC BC Lydick BC | Smith PC | PC PC Lydick PC
Smith BC 1| 0.942*%* | 0.910*** | 0.899*** | 0.426™** | 0.434*** 0.195* | 0.603***
Fieldview
BC 1| 0.878*** | 0.876** @ 0.381** | 0.421**  (0.158** | 0597***
Pembroke
BC 1| 0.877** | 0.408*** | 0.365*** | 0.383*** (0.594***
Lydick BC | --- 1| 0.356*** | 0.371** | (0.223** | (0.612***
Smith PC | --- 1| 0.759** | 0.387*** | 0.288***
Fieldview
PC 1| 0.173** | 0.255***
Pembroke
PC 1| 0.311***
Lydick PC| --- 1

*p<0.05**p<0.01,* p<0.001
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Comparison to Results from Elsewhere in the State

Particle count data was retrieved from two sampling sites in Bemde to provide context for
the results near the airport. One site was located very close to ttsean8l US-6 intersection
(referred to as the Near Road site) and the other at the CiSRIN campus (referred to as the
CCRI site) in South Providence. The Near Road site operatetthewtire period considered
(July 2019-June 2021), while the CCRI site first became operatiddavémber 2019The CCRI
Liston Site is both south and west @3-and west of industrial point sources located at the
Port of Providence. Thui,is upwind of the largest nearby contributors to pollutiewvels and
is likely representative of the background levels of black carbon lrafine particles in Rhode
Island core cities.

The Near Road site illustrates one of the limitationshég analgis 1-95 runs near to the

airport, with the connector road between them shorter thétre lengths of the runways. As the
Near Road sensor demonstrates, highways are a major source of air polhdigayer, there
are no highway monitors near the airport, which is a source nfammding that must be
acknowledged. The Near Road values should not be compared gireetirport results, as the
Near Road sensor location is in very close proximity to pollution genefayitraffic, not in a
residential neighborhood where people live, and is thus repreatare of acute exposures for
drivers. Airport sensors aim to quantify the chronic exposures@stirrounding community
and arethusplaced i vS§ 8} §Z & %S}E-U Jv }JE Vv & & ] 8v8¢g C & U v Vv}S Juu
adjacent to the predicted sources. However, the Near Road site is g#iluable comparison
site as it helps to put the local variability in pollutant levats iperspective.

Both the Near Road and CCRI sites also measure black c@haostate also monitors black
carbon at two sensors collocated in a trailer behind Myron Franeiedhtary School in East
Providence.

As seen in Figure 43, the comparison site black carbon levels folloarsigasonal patterns to

those observed at the airport sensofBhe Near Road pollutant measurements are significantly

higher than those observed at other sitds AZ] Z ]+ }ve]*d v3 A]$3Z oTR&CCRIE[* (]v JVPe+X
and East Providence sites had similar seasonal trends and averagevignlelshe Near Road

site exhibits much more variation, seasonal and otherwi$ee average black carbon at the

CCRI and East Providence comparison siteddingm 347 to 373 ng/rfy which was higher

than the average concentrations observed at the airpattere average black carbon levels

ranged from 259 to 334 ng/fn
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Figure 43: Black carbon levels were similar at the East Providence and CQGRhgi@®d to the airport
sites. Black carbon levels were higher at the Providence sites than the airpsrasitesignificantly
higher at the Near Road site than at other sites.

Like black carbon levelsarticle counts were significantly higher at thead®oad site than at
the other Providence sites (Figure 4%he Near Road site also exhibiedreater relative
seasonal variation in particle count than the CCRI site. Unblok lorbon levels, CCRI had
lower average patrticle count than the airport sensavigh an average value of 6365
particles/cn?, as compared to 8058 to 9909 particlesfecnear the airport. These observations
are consistent with previous yeajsbservations and likely relate to the proximity of the sensor
locations to the closest major point source (Figure 45).

Figure 44: Average particle counts at the CCRI site were less than the migamarements, while the
Near Road site had substantially higher particle counts than any of the other sites.
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Figure 45: Locations of the Near Road, CCRI, and East Providence Locations.
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Findings and Recommendations

x Most of these data were captured during the COVID-19 parclenhich may
complicate their interpretation. At the start of the pandesmn Spring 202Gmany
pollution-generating activities decreased, resulting in an oVeledrease in pollutant
levels. The concurrent drop in flight number and other atigigj including automobile
SE AoU E &+ sp+3v3] o EJel }( IVIHE |SNEHIE }po v[3
available data. Comparison of the pollutant levels observed aatfrt monitors ©
data on other variables such as traffic or pollutant levelsistadt sites may help to
correct for this confounding.

x For the two years of data examined in this report, Lydick haditleest mean particle
count measure of 909 particles/cn, followed by Pembroke at 9712 particles/éand
Fieldview at 9137 particles/cnSmith had the lowest mean value at 8058 particlesicm
Pembroke recorded the highest average black carbon value of @84 nfollowed by
273 ng/n? for Smith, 270 ng/rfor Lydick, and 259 ngfor Fieldview.

X Meteorological conditions had significant impacts on both blackaen levels and
particle count; however, some of those results differed bedwgollutants. For both
pollutants and all sites, windspeed was significantly correlaid decreasing pollutant
levels. Rain also had an impact, as days with no rain had more meastitgtpdhan
those with rain. Heavy rain reduced black carbon more than taht but this pattern
was not observed for particle count. Temperature, meanwhile, dadbust negative
correlation with particle count at three of the four siteshich was expected, as cold
weather facilitates particle formation and slows particle aggregatidre fourth
o} S8]lv 1v[8 Z A JEE 0 5]}IVU %}-1YyRCE p [}vS3Z]% v (Fhv v
wind direction and temperature. Black carbon had a positiveaker correlation with
temperature at two of the four sites.

x Particle counts were higher when wind directions were fribv@ airport to a given
sensor and lower when the wind blew towards the airport, whiakxisected if the
airport is a major source of ultrafine particles. This was expeatedise the locations
of the sensors were selected to measure the impact of the airpaod, thus they are
much closer to the airport than to other large sources. Ultrafineipks do not travel
long distances before accumulating into larger particles, so motandisources affect
particle mass (Plk) much more than the particle count measured here.

X The four black carbon sensors responded similarly to wind direatigher than in a
manner dependent on their position relative to the airport, ialin suggests black carbon
may be primarily influenced by more remote sources.

x For both particle count and black carbon, peaks were observatshdré a.m. and 8
pmU }ve]*s v8 A]§Z 3Z % E A]}p-e, WihieyeEdjues ir nBdayS]}ve.
and early morning. This trend was also observed in previous reportsevitheas
hypothesized that the morning peak was due to work commuting whiesifternoon
dip may be due to trends in wind speed. However, there wereifgignt differences

37| Page



between the daily trends for black carbon and particle cotrur black carbon, the
timewise trends were highly consistent between sensors, while ther® mwuch more
variability observed between the trends for particle count bysenAdditionally,
particle count did not exhibit as much of an afternoon dip, uo00u] C "% I_]-
observed in the Fieldview and Smith sites. This patternrisistent with the airport
activities impacting particle count more than black carbon, stheee were more flights
during midday than other times.

In this report, we also examined the results from select urbanparison locations to
provide context for the observations. Black carbon was measured/earMFrancis
Elementary (known as East Providence), CCRI Liston Campus, and at the Ne&e,Road si
while particle count was measured at CCRI Liston and at theR&sat site. At both the
CCRI Liston and East Providence ditiesk carbon levels were higher than the airport
sites. At the CCRI site particle counts were lower thareilport (the Myron Francis
Elementary site does not measure particle count). Seasonal tienutslutant levels
were similar at the comparison sites to the airport sites.

For both pollutants, the levels measured at the Near Road site greatly decttee
levels at the airport. These results should not be directly comparettheaNear Road
site was located immediately adjacent to the pollution source to noonévels that
people are likely to encounter in their cars, while #igoort monitors are further from
the potential sources to measure levels people encounter near timnes.
Nonetheless, it is important to highlight these findings as traffid-95 is a source of
confounding due to the pollution generated by traffigcathe Near Road results might
be helpful for controlling for confounding in a futureadysis.

The findings relating to wind direction suggest that theait is one of, if not the,
primary sources of ultrafine particles at these stations, as all four semgtected
particle counts approximately three times higher when thatisins were downwind of
the airport than when they were upwind. It also suggests that muchetiack carbon
detected comes from a source other than the airport. These alzg®ms are consistent
with the properties of the pollutants; ultrafine particlessderse rapidly through both
distance and time, while black carbon can have a much longer ietetiine, allowing
detection of pollution originating from further sources.

Given the consistent findings across multiple years, the conditicatdead to higher
levels of local air pollution around the airport are relatively well esaled. This
monitoring program has improved our understanding of how meteoroldgiad human
activity-associated variables affect pollution in the neighbortoarbund an airport.
The data gathered here can be used to attempt to correlatedaily pollution data to
health outcomes, adding to our body of knowledge aboustheollutants. RIDOH has
access to health data such as emergency department visits for asthmadtveescular
disease that could be analyzed in conjunction with theytalit levels in a future
analysis.
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X At this time, the sensors appear to be performing within the #jEtions required by
the Act. Smith was the last location to start producing consistentlgyielidata, in
November of 2020. If the sensors continue to perform consistehtiyugh July 31,
2023 the requirements of the Act will be fulfilled.
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