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Air Quality impact of Traffic Congestion in Midtown Manhattan

Report January 2014
Masoud Ghandehari, NYU Polytechnic School of Engineering, Center for Urban Science and Progress

Executive Summary

“Exposure to fine particle pollution can cause premature death and harmful cardiovascular effects such as
heart attacks and strokes, and is linked to a variety of other significant health problems” (USEPA, 4).
Studies by the Harvard School of Public Health and subsequent reanalysis covering 83 largest urban
areas in the US found evidence of premature death caused by traffic congestion (1,2). NYC, one of the
most populous urban areas in the US has been mentioned frequently both as problematic in terms of
concentrations of particulate matter and asthma rates, and as a success story in terms of air quality
management. Faced with the challenge of urban population growth and the corresponding traffic
congestion, many cities around the world have adopted intelligent transportation technologies, carbon
taxes on vehicles, congestion pricing and other approaches for dealing with the impact of mobility in
cities. It is now agreed that both the performance criteria of traffic flow and related health issues need
be considered in the design of traffic management systems. Detailed and quantifiable measures for the
correlation of air quality and traffic is key to establishing performance criteria.

A pilot project was commissioned by the University Transportation Research Center (URTC) to develop
a methodology for studying the air quality impact of traffic congestion. The study which is being carried
out by the Polytechnic School of Engineering of NYU and the Center for Urban Science and Progress is
using the NYC Midtown Manhattan (Fig 1) as the study site incorporating the NYCDOT traffic flow
instruments as well as street level air quality monitors. The traffic data includes volume and speed (Fig
3). The air quality data includes fine particulate matter (PM2.5) and Black Carbon (BC) (Fig 4), pollutants
which are formed by the atmospheric reaction of fossil fuel combustion gases and by insufficient
combustion of fuels, respectively. Both pollutants are very fine and are considered highly hazardous
due to ease of penetration into human lungs (2). Prescribed by US EPA (3,4,5), the critical limit for the
24 hour levels of PM2.5 is 35 g/m3, and the annual average limit is 12 g/m3. There is currently no EPA
standards for BC.

The pilot study was carried out on Lexington Avenue near 55th street from 6am to midnight. Results
indicated a close correlation of speed with PM2.5 levels. It was also shown that peak levels of the
particulate pollutants exceeded the EPA 35g/m3 daily limits for extended periods, reaching as high as
90g/m3 (Fig 5). It should be noted that the combination of spatial and temporal variation of the
pollutants pose certain limits on drawing concise conclusions on the traffic vs pollution correlation and
hence on the exposure levels to pedestrians. For this reason we commissioned the development of
miniature particulate meters, which can be deployed with high spatial distribution. The mini-monitor is
designed to cost less than 10% of cost of available devices while having same quality of detection (Fig
7). Testing of the mini monitors is nearing completion. The deployment of highly distributed network
of such air quality sensors at existing DOT traffic measurement sites will be possible by Spring 2014.
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Study Program

There are four south bound lanes on the Lexington Ave site, not including the parking lane. Traffic
sensors are located on the East sidewalk closest to the three lanes being monitored. The lane farthest
from the sensors is a bus lane and not included in the study. Traffic data collected include volume,
occupancy and speed. The volume is defined as “flow rate measured in vehicles/hour”, and occupancy
is the “measure of density” in “percent of time occupied”.

24-hour traffic data was collected at 30 second intervals while measuring air pollutants at 60 second
intervals. The air quality data was collected at the site near the traffic sensor for 18 hours from
6:30AM to 12:25AM. Results of volume, occupancy and speed are shown in Figure 3 as well as
measured concentration for Particulate matter PM2.4 and elemental carbon (EC) in Figure 5.

Traffic

The hourly traffic volume of all three
lanes on Lexington Avenue is shown
in Figure 2. Lane2 (next to bus lane)
had low traffic flow compared to
Lane3 and Lane4. Traffic was lowest
at 3AM, then peaked during the rush
hour in the morning and at night. The
total volume of three lanes peaked
three times once at 7AM, then 6PM
and 9PM. Some blockages of the
micro wave signal may have resulted
in underestimating the traffic volume.
For this reason future test will include analysis of traffic camera. The camera feed analysis will also
provide classification information which will be used for drawing more accurate conclusion regarding
concentration and speciation of the pollutants.

Figure 1 - Test site, Lexington and 55th St.

Figure 2 – Traffic Volume per lane.



Figure 3 – Lexington Ave and 55th st, (top) volume, (middle) speed, (bottom)
occupancy



Air quality measurement

Results of measurements indicate
that peak levels of the particulate
pollutants exceeded EPA limits of
35g/m3 mostly all day reaching as
high as 90g/m3. Comparison of
street levels pollutants content
with the concentration of PM2.5
measured at EPA sites both in NYC
highlights the importance of
measuring these levels at the site
of human exposure.

For this reason future tests will
include analysis of traffic camera. The camera feed analysis will also provide classification information.
This will be of value for drawing
more accurate conclusion
regarding concentration and
speciation of the pollutants. It
should be noted that the
combination of spatial and
temporal variation of the
pollutants pose certain limits on
drawing concise conclusions
regarding the correlation of traffic
vs pollution, and hence on the
exposure levels to pedestrians. For
this reason we commissioned the

Figure 4 –Air Quality Monitors (left) PM2.5 monitor MIE PDR 1000, (center) BC monitors
microAeth® Model AE51, (right) William measuring street level air quality

Figure 5 – Lexington Ave PM2.5 and BC level from 6am to midnight

Figure 6 – Hourly PM2.5 data for 12 months starting January 2012.
Upstate (red), and NYC (black). Dashed line indicates EPA PM2.5 limits



development of miniature particulate meters, which can be deployed with high spatial distribution. The
mini monitor is designed to cost less than 10% of cost of available devices while having same quality of
detection (Fig 7). Testing of the mini monitors is nearing completion.

Mini Monitor

With the intention of acquiring accurate and reliable information on the pedestrian exposure to traffic
induced air pollutants, we took the important step of developing a device that can be deployed in large
numbers (~200) at low price (approximately $150) each. The unit was developed by a small Brooklyn
based enterprise. The housing was 3D printed and designed for mass production. Results of
comparison of measurements by the unit compared to commercially available units exceeding price of
$5000 is shown below, suggesting excellent performance.

Figure 7– (top left) Air beam device, (upper right and bottom) comparison of mini
meter to a Thermo Scientific pDR-1500.



Conclusions and recommendations

Measurement and analysis of traffic volume and speed, as well as particulate air pollutants in midtown
Manhattan indicated that speed has closer correlation to air pollution than traffic volume.

PM2.5 levels on days of study exceeded the EPA daily limit of 35g/m3 for extended periods, reaching
as high as 90g/m3.

There is considerable spatial and temporal variability in the pollutant concentration. This poses certain
limits on drawing concise conclusions on the correlation between traffic and pollution and therefore
uncertainty in pedestrian exposure levels. For this reason we commissioned the development of a
miniature particulate meter for distributed deployment. The above meters cost less than 10% of
commercially available devices but have comparable accuracy.

Made possible through the support by UTRC, the deployment of highly distributed network of air
quality sensors is now feasible. This is largely due to the cost-performance value of the developed PM
meter.

We therefore recommend the deployment of the miniature air sampling devices to be collocated at
100 selected NYCDOT traffic measurement sites. We recommend the remote and continuous
measurement of street level particulate air pollutants for period of one year. This is expected to result
in reliable and accurate measurements leading to a better understanding of the relationship between
various features of traffic congestion and air quality. This will be the first such study in the nation.
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