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A Study of Diesel Exhaust Particles and Truck Traffic in Lower Manhattan 
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Abstract.   In recent years, there has been increasing interest being focused on the respiratory effects of diesel exhaust particles (DEP).  Residents of Lower Manhattan, New York City, were concerned about the potential health impacts of DEP and wanted to get an idea of the ambient levels present in the atmosphere.  While there is EPA data available on total particulate matter less than or equal to 2.5 um, limited data exists on concentrations of DEP.  We measured sidewalk concentrations of elemental carbon, a surrogate for DEP, at five locations in Lower Manhattan for six days in November and December 2000, and looked at spatial variations in EC concentrations in relation to local diesel exhaust sources, measured by diesel truck counts.  Air samples were collected from 3-5pm using personal portable monitors carried by volunteers at each site, and truck counts were done manually using clipboards and standard forms.  Truck counts, averaged over the six days, ranged from 22 trucks per hour to 228 trucks per hour, and EC concentration varied 7 fold (0.38 ug/m3 to 2.79 ug/m3) between these two sites respectively.  Spatial variation in EC concentrations correlated with the total diesel truck counts suggesting that local diesel sources are an important source of DEP measured along sidewalks.         

Introduction
 Diesel exhaust is a complex mixture of gases and particulates, and its composition varies greatly with fuel and engine type, load cycle, maintenance, tuning, and exhaust gas treatment (NIOSH, 1988).  The particulate fraction, diesel exhaust particles (DEP), consists of aggregates of solid carbon cores (mainly elemental carbon) that are produced during the diesel combustion process.  DEP are of particular health concern because of their respirable size and the ability of other toxic substances from the diesel combustion process to adhere to the surface of the diesel particles.  More than 95% of DEP are less than 1 micrometer in size (Vostal, 1980; Travis and Monroe, 1983), and between 15 and 65 % of the total particulate mass constitute absorbed substances from the combustion process (Travis and Monroe, 1983; Chuddihy et al., 1984).  The adsorbed substances consist of soluble metals, sulfates, and many organic compounds including several polycyclic aromatic hydrocarbons (Travis and Monroe, 1983; Chuddihy et al. 1984; Kinney et al., 2000).   Because of their size, DEP can remain suspended for days in the atmosphere where they interact with many gaseous pollutants present in the atmosphere.  Like some of the compounds generated from the combustion process, these atmospheric pollutants can also adhere to DEP, making them more harmful to human health and the environment (Godish, 1995). When inhaled, DEP are capable of reaching the gas exchange region of the lungs where they can cause local damage, or they can be absorbed into the blood stream and be transported to different organs resulting in systemic effects. 

Studies of workers in diesel related occupations have shown an association between exposure to diesel exhaust and lung cancer. The National Institute of Occupational Safety and Health (NIOSH) has concluded that tumor induction is associated with DEP and has recommended that diesel exhaust be regarded as a potential human carcinogen (NIOSH, 1988). The International Agency for Research on Cancer has also classified diesel exhaust as a probable human carcinogen (IARC, 1989).   Most studies in the past were mainly focused on the cancer effects of diesel exhaust.   In recent years, however, increasing attention is being focused on the non- cancer respiratory effects of DEP, and evidence is emerging on the irritant and immunologic effects of diesel exhaust on the respiratory system (Peterson and Saxon, 1996; Tsien et. al., 1997; Saxon and Diaz – Sanchez, 2000).  

In large urban environments such as New York City, diesel particles are of interest because it can make up a significant fraction of the particulate load. The large number of diesel vehicles traveling through the city as well as the topographical layout of the city, which can serve to trap pollutants, are contributing factors.  Sidewalk concentrations of pollutants are of particular importance in urban environments because of the high volume of individuals exposed and the increased risk posed to susceptible populations, especially young children and the elderly.  Apart from serving as pedestrian pathways, sidewalks are also areas of play and recreation for children as well as a locus for congregation and interaction among adults, including the elderly (Kinney et. al., 2000).   There is limited data on exposure levels to DEP in urban areas and data relating spatial variations in concentrations to source density is especially lacking (Kinney et al. 2000).  

This study was a collaborative effort between the Division of Environmental Health Sciences, Joseph L. Mailman School of Public Health at Columbia University, and volunteers consisting of local residents, environmental activists and members of local Community Board Two in Lower Manhattan.  Board members and residents wanted to get an idea on the levels of DEP along sidewalks at five sites in lower Manhattan and to also determine the number of diesel trucks traveling by each site.  Therefore, the purpose of this study was to look at spatial variations in DEP concentrations across the selected sites in relation to source density, determined by the truck counts at each site.

Methods & Materials

Background and site selection

Traffic congestion and air pollution have been a major concern in Manhattan, New York, for a long time. Like any large metropolitan city, New York has its share of traffic jams and air pollution problems as a result of the large number of vehicles entering and leaving the city every day.  Transportation constitutes the single largest source of air pollution for New York City (NYC), and in recent years EPA data shows that NYC has failed to meet the current PM 10 standard (Kinney et. al., 2000).  Because of this, NYC is now considered a non-attainment area and the State must prepare a State Implementation Plan to reduce the high levels of particles in the City.  

Residents in Lower Manhattan have expressed concern about exposure to high levels of fine particles in the atmosphere, which they believe are from the large number of diesel trucks traveling through the area to cross the Holland tunnel. They attribute the increase in truck traffic to the change in the Verrazano Bridge toll.  In 1984, the toll structure changed resulting in the elimination of the toll going one way and doubling of the toll if traveling in the other direction.  Because of this, many truckers now use the Holland tunnel when crossing into New Jersey to avoid paying the toll.  The toll change resulted in major political debates between Staten Island and Manhattan residents. Lower Manhattan residents opposed the toll change and have been trying to reverse it in order to relieve some of the traffic congestion and air pollution problems.  

This study was conducted over six consecutive days, starting on Monday, November 27 and continued though Saturday, December 2, 2000.  Five monitoring sites and one control site were selected based on input from the community board.  The site locations are listed in Table 1 and shown in figure 1. These locations were chosen because of heavy truck traffic observed along these routes.   

Table 1
	Site #
	Location

	1
	Broome Street. Between Broadway and Crosby

	2
	Intersection of Houston and Varick

	3
	Entrance to Holland Tunnel

	4
	Canal Street. Between Elizabeth and Mott.

	5
	Intersection of Wooster and Prince (control site)


Figure 1. Location of Sites.
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Air monitoring

 Sampling was conducted using personal sampling pumps carried by volunteers at each site.  The pumps were placed in specially made backpacks and attached by flexible tubing to samplers clipped on the outside of the backpacks.  Each sampler consisted of a cyclone affixed with a quartz fiber filter to collect elemental carbon.  Elemental carbon is recognized as the most reliable and consistent surrogate measure of DEP (Birch and Carey, 1996).  Sampling was conducted over the six days from approximately 3 – 5 pm. These times were chosen because other times were not convenient for all the volunteers.  The pumps were calibrated before (pre calibration) and after (post calibration) each sampling period using an electronic Gillian bubble meter with a representative sampler in line.  The flow rate was set at approximately 4 liter per minute during each sampling period.  A sampling period is defined as the actual sampling time each day.  At the end of each sampling period the filters remained in place on cyclones on the backpacks.  This ensured minimal handling of the samples. Backpacks were stored until the next sampling period. After pre calibration the next day, the same sampling filters used the previous day were used for the next sampling period.  In other words, the same filter was used at each location for the entire six days of sampling for a total of 5 samples (one sample per site).  The short sampling periods dictated that this method be used in order to collect enough analyte on the filters for subsequent analysis. 

Each day volunteers would pick up a backpack with the sampling set up from a central location, the Broom and Broadway site.  This site was used to charge the batteries and store the equipment until the next day’s sampling.  After pre calibration, dummy filters were put in place until volunteers reached their respective sampling site (it took 5-10 mins to reach each site). At that time they removed the dummy filters and inserted the flexile tubing from the pump into the sampler and recorded the start time of sampling.  This method was used to prevent the pump from being turned off and then back on again at the sampling site, and the dummy filters were used to maintain pressure drop of the pumps. Pumps were periodically inspected to ensure proper operation and quality control each day.  At the end of each sampling period the flexible tubing were removed from the samplers and placed on the dummy filters and stop time recorded. This kept the pump running until post calibration. Volunteers returned to the central location for post calibration of the pumps.  This procedure was repeated for six days.  Flow rates for each site were averaged over the entire sampling time and total sample time was simply the sum of each sampling period.     

After the last day of sampling, filter cassettes were secured and the samples, along with a blank, were sent to Sunset Laboratory Inc, Forest Grove, OR for analysis according to NIOSH method 5040 (NIOSH, 1996).  The lab results were reported in ug/cm2 and were converted to air concentrations using the following calculation from the NIOSH method.  First, the reported lab EC results (ug/cm2) were multiplied by the filter deposit area of each filter (8.55cm2 for the 37mm filters) to get the total mass (ug) for each filter ( WEC).  Then the same calculation was done for the blank (Wb).  Finally, the EC concentration (Ec) in the sampled air volume (VL) for each sample is given by: 

CEC (ug/m3) = (WEC – WB) / VL

Traffic Counts

Board member volunteers at each site carried the backpacks with the sampling set up while they counted traffic. Traffic counts were conducted manually using a clipboard, pens and standard forms designed for 15 minute interval counting. For easy counting, each truck was recorded by the numeral one and a slash was made across four ones to indicate a total of five.  Volunteers were given a short instruction on traffic counting which included pictures of different sizes of trucks.  Trucks were classified as small, medium or large.  Large trucks were defined as tractor- trailers or any truck over 24ft; trucks between 18 and 24ft were counted as medium; and small trucks include those below 18ft.  Pick-up trucks were not included in the count since they were considered to equipped with gasoline engines. Counting commenced at the start of each sampling period and stopped at the end of each period..  Traffic was counted in both directions along Canal Street.  At the Houston/Varick and Wooster/ Prince sites, all one- way streets, all traffic passing the intersections were counted.  The Broome site was on a one -way street and all trucks entering the Holland tunnel were counted at the Holland tunnel site.  Counts were tabulated separately for each day.

Every attempt was made to capture the hours from 3 to 5 pm but there were delays on the first day where only approximately 1 hour and 15 minutes of sampling and counting was conducted.  There were minor delays on other days but these were not significant.   Results of traffic count are expressed in vehicles per hour to standardize for time, and hours were rounded to the nearest tenth. For example 1hr and 53min would be counted as 1.9hrs.

Results

Traffic Counts

 A summary of daily total truck counts per hour (trucks/hour) from each site is presented in table 2 and shown in Figure 2.   The most obvious trend seen was the low number of trucks/hour at each site on Saturday.  The highest count, 294 trucks/hour, was along Canal Street and occurred on Thursday.  Prince and Broome Streets were tied with the lowest count of 9 truck/hour on Saturday.   Canal Street also had the highest count each day except for Wednesday.  However, it should be pointed out that Wednesday’s count on Canal Street is an underestimation because the volunteer counting trucks only counted trucks in one direction from 3-4pm.  This error was noticed during a quality control check and counting in both directions was resumed for the remaining one hour.  Daily counts within sites varied noticeable from day to day with no obvious trend.  However, when the data is broken down by truck sizes, large trucks had the lowest count across all locations.  This is shown in Figure 3.  Although not shown, large trucks also had the lowest count each day.  

Table 2 

	DAY
	BROOME 
	VARICK
	HOLLAND
	CANAL
	PRINCE

	MON
	21
	125
	204
	230
	22

	TUES
	26
	155
	246
	276
	20

	WED
	25
	152
	238
	226
	22

	THUR
	23
	133
	261
	294
	27

	FRI
	28
	141
	193
	272
	33

	SAT
	9
	42
	48
	76
	9
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[image: image3.wmf]Figure 3 Truck sizes by sites
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Elemental Carbon

Elemental Carbon results are shown in Figure 4, which plots concentration of EC versus total truck counts per hour across the four sites.  There was considerable spatial variation of EC concentrations, which ranged from a low of 0.38 ug/m3 at Prince Street to a high of 2.79ug/m3 at Canal Street.   This represented a seven- fold difference indicating the importance of diesel source, determined by the truck counts.  The EC concentration at the Holland Tunnel site was lower than expected based on the truck counts seen.  This was most likely due to the actual location of the sampling.  The location selected was a 20 –30ft from the road that led to the entrance of the tunnel.  The other sampling locations were right on the sidewalks next to each street.  There was good correlation (R2 = 0.55) between EC concentrations and truck counts. Although not shown graphically, this improved significantly (R2 = 0.99) when Holland site data was removed. 

 
[image: image4.wmf]Figure 4. Scatterplot of EC concentrations and 
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Discussion

This study showed significant variation in EC concentrations across each site which appeared to be related to the truck density.   Although sampling was conducted for a limited time and only a small number of samples were collected, this study suggests that local diesel traffic is an important source of DEP along sidewalks.  This finding supports the residents concerns about the truck traffic patterns and the level of fine particles in the area.  The traffic counts indicated that Canal Street was the busiest location with a truck count of 228 trucks per hour.  Although Broome Street was not selected as the control site, it had an almost identical count with the control site, Prince Street.  Counts were 22 and 23 trucks per hour respectively at these sites.  It was pointed out that truck enforcement personnel were present on Broome Street, resulting in the low count.   The EC concentrations in this study fall between the range seen in other urban areas and ranged from 0.38ug/m3 to 2.79ug/m3.  In a similar study conducted in Harlem, levels of sidewalk EC concentrations ranged from 1.5 ug/m3 to 6.2 ug/m3 (Kinney et. al., 2000). The high level seen in the Harlem study was recorded at a busy bus and truck route at Amsterdam Avenue where diesel source was greater than in this present study, as indicated by the diesel traffic counts.  This study is consistent with the Harlem study, which also showed the importance of local diesel sources in creating spatial variations in sidewalk EC concentrations.  

There are several environmental factors that can affect the results of any air pollution study including local wind pattern around the sampler, precipitation, and other sources of pollutants.   All these factors were applicable in this study.  First, the study was conducted in the fall when home heating could have contributed to the DEP load. However, this probably contributed an insignificant amount of DEP because the samplers were placed at street level, very close to the measured source.  Also, buses were not counted in this study and two of the locations were on bus routes, the Canal and Varick sites.  Second, it rained twice between sampling periods and this could have resulted in the washout of pollutants from the atmosphere leading to an underestimation of the EC concentration.  The last factor, local wind pattern around the sampler, may have played a role in the low EC concentration at Holland Tunnel site.  The sampling location at this site was in an open area and approximately 30 –40 ft from the road.  

 The truck counts may have also included a small number of gasoline trucks. Although the volunteers were trained to visually identify diesel trucks, it is reasonable to assume that there will be some error associated with individual observations in identifying as well as counting.  It was also pointed out by board members and residents that the period of heaviest traffic were between 3-7pm and that most trucks enter the city early in the day and leave towards the end after making several deliveries.   If this were true the truck count and EC concentrations measured would be excluding periods of heaviest truck traffic and lead to an underestimation.   Another important result in this study is that the concentrations measured using the personal monitors gives a closer estimate of personal exposure than EPA monitors which are usually placed higher.  For example, EPA and state monitors are on top of the World Trade Center and on top of other federal or state buildings. 

Conclusion

According to the Natural Resources Defense Council, diesel exhaust is New York City’s number one air pollution problem (Kassel 2000).  NYC is among the four metropolitan areas that lead the United States in increased annual asthma mortality in individuals between ages 5-34 (Weiss and Wagener, 1990).  In light of the increasing evidence of the respiratory effects of DEP, prudent public health policy dictates that exposure be kept as low as possible.  Currently there are no ambient air quality standards for DEP, but the EPA recently adopted a new PM 2.5 standard.  Since almost all of diesel exhaust emissions fall within this range, it would make sense to formulate strategies that include reducing diesel emissions.  This will have a nation wide impact on lowering particulate pollution and in reducing both the health effects and adverse environmental impacts of pollution.   The EPA has recognized both the health effects and environmental effects of diesel exhaust and has put forth proposals that will reduce the amount of sulfur in diesel. 

This study showed that sidewalk DEP concentrations are correlated with local diesel sources and is consistent with a similar study conducted in Harlem in 1996 (Kinney et. al., 2000).  This is only the second study that we are aware of that looked at sidewalk concentrations of DEP. There is need for more elaborate studies that will provide more data to increase statistical significance and to perform indebt statistical analysis.  There is ongoing research in the possible role of DEP in triggering asthma attacks.  Until these studies are completed it would be cautious to reduce exposure to the lowest feasible limits.   NYC has taken some steps that will reduce the level of DEP in the atmosphere including converting diesel buses to natural gas and implementing emissions test for diesel vehicles (Stamler, 1998).   Other strategies should include traffic planning to control truck flow and decrease congestion, which can increase the local levels of DEP.  As the city continues to grow, planning officials should start looking at ways to accommodate the growth and at the same time consider the impact of air pollution as a result of the growth. Finally, this study demonstrates how the interaction between a community and an educational institution can be used to address environmental issues.  
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		MED		94		83		104		118		149		29		577

		LARGE		30		35		66		34		27		6		198

		TOT		188		232		303		266		282		83		1354





Varrick

		0

		0

		0

		0

		0

		0



Day

Count

Varick



Holland

		TRUCKS		MON		TUES		WED		THURS		FRI		SAT		TOT

		SMALL		52		86		106		86		144		31		505

		MED		175		286		267		337		168		49		1282

		LARGE		79		100		102		98		74		15		468

		TOT		306		472		475		521		386		95		2255
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		TRUCKS		MON		TUES		WED		THURS		FRI		SAT		TOT

		SMALL		84		208		130		157		159		74		812

		MED		149		249		189		283		294		49		1213

		LARGE		77		94		105		125		91		28		520

		TOT		310		551		424		565		544		151		2545
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		TRUCK		MON		TUES		WED		THURS		FRI		SAT		TOT

		SMALL		14		39		27		27		50		8		165

		MED		12		17		8		13		16		8		74

		LARGE		0		1		0		1		0		0		2

		TOT		26		57		35		41		66		16		241
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Combined

		TRUCK SIZE		BROME		VARICK		HOLLAND		CANAL		PRINCE

		SMALL		11		53		44		73		16

		MED		9		52		112		109		7

		LARGE		2		18		41		47		0

		TOTAL		22		123		197		228		23
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TOTAL

Site

Trucks/Hour

Truck sizes by sites



		TRUCK		Broome		Varrick		Holland		Canal		Prince		TOT

		SMALL		126		579		505		812		165		2187

		MED		100		577		1282		1213		74		3246

		LARGE		18		198		468		520		2		1206

		TOT		244		1354		2255		2545		241		6639
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Figure 4. Scatterplot of EC concentrations and truck counts
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		LOC		MON		TUES		WED		THURS		FRI		SAT		TOTAL

		Prince		26		57		35		41		66		16		241
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Figure 2. Scatterplot of EC concentrations and truck counts
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Figure 1. Scatterplot of EC concentrations and truck counts
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