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Abstract

New York City (NYC) is presently in violation of the nation's PM, s annual mass standard, and
will have to take actions to control the sources contributing o these violations. This work
seeks to differentiate the impact of long-range transported aerosols on the air quality of
downtown NYC, s0 that the roles of local sources can more clearly be evaluated. Past source
apportionment studies have used a single site in their analyses to identify and determine local
and non-local sources affecting that site. In this study,  rural site located in Sterling Forest
(SF), NY, which is near to the New York City area but unaffected by local New York City
sources, is instead used as a reference to separate the portion of the aerosol that is
transported to our Manhattan, NYC site. Sterling Forest is confirmed as a background site via
elemental comparisons with NYC during regional transport episodes of Asian and Sahara
sandstorm dusts, as well as by comparisons with a second background site in Chester, NJ.
Two different approaches subtracting Steriing Forest impacts from the NYC source
apportionment analysis are then applied. Six source categories are identiied for NYC:
regional transported sulfate and trans-continental desert dust, Traffic, Residual Oil, Fe-Mn
Dust and World Trade Center fires. Of these, the transported sulfates and trans-continental
desert dust account for nearly half of the total PM, s mass in Manhattan during 2001, with
nearly two-thirds coming from transported sources during the summer months. Differing
percentages of the various elements were transported vs. local, with virtually all of the
Manhattan elemental carbon being of local origins, while virtually all sulfate mass being
transported into the city. These results indicate meeting the ambient PM, ; mass standards
willlikely require that upwind sources outside of the State of New York will also need to be
controlled if the city is to reliably comply.

Introduction

¢ New York University set up two PM, ; monitoring sites in NYC metro
area in 2001, located at

* Hunter College on 26th Street and 1st Ave, Manhattan, New York
City (NYC)

* Nelson Institute of Environmental Medicine, Sterling Forest in
Tuxedo, NY

© Sterling Forest (SF) is a rural site, approximately 35 miles N-NW of
NYC, and is surrounded by thousands of acres of largely
undeveloped woodland within New York State’s Sterling Forest
State Park

© The purpose of locating a site in SF, was to provide a background
reference site for the Manhattan site that has none of the NYC local
source impacts, but is similarly affected by transported pollution
(that is largely carried into the NYC metro area under the west and
southwest winds).
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Source Apportionment Conducted Using
Positive Matrix Factorization (PMF-2) Approach

The Positive Matrix Factorization (PMF) technique developed by
Paatero (1997), is based on factor analysis and, assumes that xjji.e.
the measured chemical species detected on a given sample is from
p independent pollution sources:

P
x,,:% i fkj e

- xi is the jth species concentration measured in the ith sample;
- gik is the mass contribution from the kth source on the ith sample;
- fiis the jth species mass fraction from the kth source; and,

gijis the ermor term

Analysis I.
PMF Analysi P d g vs. Local Sulfur Only

© In this analysis, we assume that all of sulfur measured at SF is
transported into the region, and that the NYC site will be similarly
affected by this transported pollution.

Srransrorep = Ssr

© The remainder of the sulfur in NYC could be attributed to more

local sources.
Sioca™ Syc — Ssr

© To aid in the differentiation of transport versus local sources in the
source apportionment analysis, we have included these two sulfur
variable, Stransporten @Nd Sy oca in the NYC PMF analysis,
along with the NYC elemental data

Analysis Il.
PMF Analy ses Separated:
Background vs. Local for ALL Elements

° In the second source apportionment analysis, we assume that
SF is also a good background site for other transported or trans-
continental related fine particles.

Thus, we use this differencing technique for all the elemental
variables to create a separate set of NYC elemental variables
consisting of just the “local” contributions of each of the elements
and carbon for application to PMF, separate from a PMF of the
transported aerosols, based on a PMF analysis of SF.

Factor scores from each these two PMF analyses were then
applied simultaneously in a multiple linear regression of the
Manhattan PM, ; mass on all of the identified source components,
in order to convert the scores to actual mass concentration
estimates for each of the transported and local source
components identified by the two separate PMF analyses. For
e.qg.,

PMzs = Bo + B4 * Gsurrates m) + B2 * Gsow m * Bs * Graarric 1)
+Bs* Gresipow v + Bs * Grean ) +Be * Gure

where G are the factor scores for Transported (T) and Local (L)
components
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Conclusions

° On an annual basis approximately half of NYC PM,; is
contributed by transported aerosols; during the summer
months this estimate is as high as 60%

© 90% of the sulfur observed in NYC, is due to transport from
outside the NY metro area

* Almost all (~90-95%) of the EC can be attributed to local
NYC combustion sources

* Local and non-local sources are both responsible for the OC
levels in NYC
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