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Executive Summary 

This report is intended to inform the Virginia Air Pollution Control Board (Air 

Board) and the Department of Environmental Quality (DEQ) of the dust problem in Roda 

and other similarly affected communities in Virginia’s coalfields and to urge the Air 

Board and DEQ to take action to reduce this threat to human health and welfare. 

 

Preliminary air sampling (Particulate Matter i.e. PM10, and meteorological 

measurements) was conducted for a period of approximately two weeks during early 

August 2008 in the unincorporated community of Roda, Virginia, at two locations (about 

a mile apart along Roda Road (Route 685) in Wise County, Virginia). For the purposes of 

this study (a combination of logistics, resource, and characterization of PM) we sited the 

PM samplers near the road to ascertain the micro exposure from the road. The results 

revealed high levels of PM10, (average value of 24-hour mass concentration, and +/- 1 SD 

at the Campbell Site = 250.2 +/- 135.0 micrograms/m
3
; and at the Willis Site = 138.4 +/- 

62.9 micrograms/m
3
 respectively). The 24 hour U.S. national ambient air quality standard 

for PM10 is 150 micrograms/m
3
. Ten out of twelve samples taken from the Campbell site 

revealed levels of PM10 above the national standard, including one sample that was more 

than three times the national standard. Six out of twelve samples taken from the Willis 

site revealed levels of PM10 above the national standard (see figures 5 and 6). The 

impacts of PM10 have decreased substantially in the Eastern United States over 

approximately the last 30 years. Roda, however, continues to see significant impacts of 

PM10 that are substantially larger than those observed in major cities in the Eastern 

United States. Elemental analysis for samples collected on Quartz filter paper (on one 

randomly selected day) at both the sites revealed the presence of antimony, arsenic, 

beryllium, cadmium, chromium, cobalt, lead, manganese, mercury, nickel, and selenium 

(group of metals common to the US EPA National Ambient Air Toxics Stations 

program).   

 

Many communities in the coalfields of southwest Virginia suffer from high dust 

levels caused by coal mining operations hauling coal by truck along roads that pass 

through residential areas. Many Roda residents suffer from a variety of respiratory 

ailments that may be linked to or exacerbated by the high dust levels. These residents also 

report that the dust has made their lives uncomfortable; they are unable to sit on their 

porches, have to restrict the amount of time they spend outdoors, and have to spend many 

hours each week contending with daily coatings of dust that cover the exteriors and 

interiors of their homes.  

 

 A separate letter attached to this report as Appendix A (signed by attorneys 

Walton Morris and Aaron Isherwood) describes the legal authority of the Air Board and 

DEQ to take action to remedy the dust problem in the coalfields of southwest Virginia. 

The letter concludes that the Air Board and DEQ have the authority to issue a special 

order directing the individuals and corporations that cause coal and other materials to be 

hauled through Roda to take reasonable precautions to prevent particulate matter from 

becoming airborne, as well as the authority to conduct their own investigation of the dust 

problem.
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I. Introduction: Background and Purpose 

 

The unincorporated communities of Roda and Osaka consist of approximately 

ninety homes along Roda Road (Route 685) in Wise County, Virginia (36º57’47” N, 

82º50’00” W) (Figure 1). Roda Road is a narrow, public road that branches off of 

Virginia State Route 78 and terminates approximately four miles from where it begins, at 

the entrance to several surface and underground coal mining operations, which haul coal 

by truck along Roda Road. The houses in this area are located very close to the road – 

most a mere 10 or 20 feet away. There are currently nine active surface mining permits 

with entrances at the end of the road. These mining operations cause heavy trucks to 

travel on Roda Road; Roda and Osaka residents advise that, while truck traffic varies, 

there are often at least ten trucks every hour for up to twenty hours per day passing 

through their communities. These trucks represent the overwhelming majority of traffic 

on Roda Road; the road otherwise is used almost exclusively by local residents, their 

families and friends, and by school buses. The trucks carry coal and other materials away 

from the mining operations.  

 The trucks frequently track coal, mud, and other debris away from the mine sites 

and onto the road. When this mud dries it turns to dust, which is then released into the air 

by the passage of other vehicles. Fugitive dust, including coal fines, is also released 

directly from the trucks themselves. This dust coats the homes and property of the 

residents, and is thought to cause respiratory and other health problems (including sinus 

problems, asthma and emphysema). The dust diminishes the quality of life of local 

residents and interferes with their use and enjoyment of their property.  

The residents of Roda, including Ronnie Willis and Nell Campbell, have filed 

multiple complaints with the Department of Mines, Minerals, and Energy (DMME) 

regarding the dust problem. In these complaints, the residents describe their problems 

with mud tracked onto Roda Road by coal trucks, and with the dust that covers their 

homes and property (see Appendix C). DMME has most frequently responded to these 

complaints by stating that the mining agency does not have jurisdiction over dust from 

public roads. In the few instances where DMME has taken action, the agency issued 

notices of violation to the mine operators for the operators’ failure to maintain permitted 
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haulroads. Any reductions in dust brought about by such agency action have been 

temporary, and the dust has always returned.  

The Town Council of Appalachia, Virginia (an incorporated municipality located 

within a few miles of Roda) has taken some action in response to complaints by local 

residents, but the Council’s authority is limited. In February 2009 the Council passed a 

local ordinance regulating the mining of coal and other minerals within the town 

boundaries (Appendix D). The Council passed this ordinance after recognizing “the need 

to control, regulate, and limit the mining of coal and other minerals within its boundaries 

. . . in order to protect the health, safety, welfare and properties of its citizens.” Perhaps 

the most direct effect of coal mining on local residents is the impact of the coal trucks 

and the dust that they spread. The town’s legal authority to address the coal dust 

problems, however, is quite limited; accordingly, there is an urgent and compelling need 

for the Air Board and DEQ to take further action. The authority of the Air Board and 

DEQ to take action to remedy the dust problem in southwest Virginia is analyzed in 

Appendix A. 

Eventually, local residents sought the assistance of Southern Appalachian 

Mountain Stewards and Sierra Club to address the persistent dust problems. Particulate 

matter (PM10) sampling was conducted outside the homes of two Roda residents who 

have each lived in Roda almost fifty years—Ronnie Willis, a retired underground coal 

miner, and Nell Campbell, a 91-year-old woman. Statements from Mr. Willis and Ms. 

Campbell describing more fully their situations and the challenges posed to them by the 

dust are included in Appendix B.  

 

II. Experimental Approach: Sampling and Analysis 
 

The experimental sites (about one mile apart) are located in Roda, Virginia, in the 

southwestern region of the state where the majority of Virginia’s coal mines are located.  

Observed high dust levels are the result of coal mining operations hauling coal by truck 

along roads that pass through residential areas. The locations of the PM samplers were 

selected in order to represent micro to middle scale environments (i.e. exposure that 

represents scales of up to 100 to 500 meters respectively). These scales are representative 

of the exposure of the residents in Roda. For the purposes of this study (a combination of 
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logistics, resource, and characterization of PM) we sited the PM samplers near the road to 

ascertain the micro exposure from the road (Figure 2). As Figure 2 illustrates, the area is 

predominantly covered with vegetation (e.g. trees, brush, grass, etc.). One should 

therefore expect low concentrations of coarse particles (PM10-2.5) without any other 

emissions impacts. One should expect PM10 to be very low, and PM2.5 to dominate in the 

Eastern US (US EPA 2005).  

 

A. Particulate Matter Samplers 
 

Two (2) Andersen/GMW Model GUV-16H High Volume air samplers equipped 

with PM10 size selective inlets were employed to collect ambient particulate matter with 

an effective aerodynamic size of less than 10 microns (PM10) (Figures 2 and 4) 

(Appendix G). The field sampling was performed in accordance with U.S. EPA’s 

“Reference Method for the Determination of Particulate Matter as PM10 in the 

Atmosphere” (40 CFR Part 50 Appendix J). The samplers were obtained from Cherokee 

Instruments, Inc., Fuquay Varina, NC 27526. The samplers were provided with 

volumetric flow controllers for constant flow control, a Dickson circular chart recorder 

for historical trend of volumetric flow through the sampler, and a mechanical timer and 

elapsed time indicator for total sampling time indication. Most of the samples were 

collected onto 8-inch x 10-inch fiber glass filters (glass microfiber filters Whatman 

Model # EPM 2000). However on one day (determined randomly) an 8-inch x 10-inch 

quartz fiber filter (Whatman Grade QMA Quartz Filters) was used. All the filters were 

pre-tared and numbered. The filters were obtained from Eastern Research Group, Inc. 

Laboratories in Research Triangle Park, NC. 

The functionality and calibration of the particulate samplers were verified 

immediately prior to the field effort at Cherokee Instruments’ service center in Fuquay 

Varina, North Carolina. The instrumentation was then transported to the field location 

and setup, calibrated and operated onsite at two locations (Site Willis and Site Campbell) 

in accordance with the manufacturer’s specifications and USEPA methodology. 

All calibrations were conducted using a High Volume Air Sampler Calibration 

Kit, Model Andersen/GMW Veriflow (Figure 3). The calibration kit included a calibrated 

orifice transfer standard that was referenced to a spirometer as well as an 8-inch x 10-
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inch mounting plate adapter and water slack tube manometer. The Veriflow orifice is 

capable of providing various pressure drops across the sampler flow controller in order to 

simulate particulate matter loading onto the filter. Calibrations were performed on each 

sampler at site conditions prior to collection of the first sample at each location. These 

calibrations included volumetric flow verification through the sampler via comparison of 

the calibrated orifice results to the volumetric flow controller lookup tables. 

 

B. Meteorological Sampler 

 

One (1) Met One Model Automet portable weather station equipped with an 

onboard data logger was employed to measure and record site weather conditions at one 

site (Willis site) during the entire measurement period (Figure 2). The meteorological 

sampler was obtained from Cherokee Instruments, Inc., Fuquay Varina, NC 27526. The 

meteorological station measured continuously the following:  wind speed, wind direction, 

temperature, and barometric pressure and relative humidity. All sensors were mounted on 

a portable tripod with telescoping mast such that meteorological data could be obtained at 

a height of 5- to 10-ft above grade. All the data was collected in real-time and 

averaged/stored at 15-minute data intervals using the onboard data logger. 

The functionality and calibration of the meteorological sensors were verified 

immediately prior to the field effort at Cherokee Instruments service center in Fuquay 

Varina, North Carolina. Verification of the individual sensors functionality was 

accomplished using constant RPM motor, compass, reference thermocouple and local 

airport barometric pressure. The instrumentation was then transported to the field location 

and setup and operated onsite at one location (Site Willis) in accordance with the 

manufacturer’s specifications and USEPA methodology. On site calibrations were not 

performed for the meteorological instruments. 

 

 C. Filter Analysis: Gravimetric Analysis, and Inorganic Analysis 

 

High Volume (Hi Vol) 8/10 inch fiberglass filters were analyzed to determine 

mass. Quartz Hi Vol 8/10 inch filters were analyzed for mass and a group of metals 

common to the EPA National Ambient Air Toxics Stations program. Appendix H 

provides a list of the samples received in this project and is listed in the “Analytical 
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Report for Samples.” Results and reporting/detection limits are provided in the 

“Gravimetric Measurement and Inorganics by Compendium Method IO-3.5” data tables 

(Appendix H; including a cover page, 3 pages of narrative, 21 pages of filter mass data, 

and inorganic analysis results). The filter time of exposure data and the total ambient air 

volume sampled were recorded on the chain of custody (“COC”) forms. The ERG LIMS 

tracking numbers for this study are 8081414 and 8090908. Samples were stored after 

receipt at ambient temperature in an environmentally controlled room prior to analysis.  

Inorganic analysis was performed according to ERG’s NELAC certification. A copy of 

the COCs for this sample set is provided in Appendix H. Samples were delivered to ERG 

on 08/08/08. Samples were equilibrated in an environmentally controlled balance room 

prior to analysis.   

 Gravimetric measurements were performed with a Satorius LA 120S 

equipped with a large area weighing chamber. Calibration was checked with NIST 

Class S weights. Ambient filters were equilibrated for 24 hours under balance 

room conditions prior to weighing. Tare weights were recorded prior to filter 

media shipment and use. Sample plus filter tare weights were measured after 24-

hour equilibration under environmentally controlled balance room conditions. 

Initial and final weights were recorded and entered into the ERG LIMS for 

subsequent review and reporting. Samples were handled and analyzed in 

conformity with to 40 CFR 50, Appendix J, Section 9.16 - 9.17. 

  A 4"x 1" portion was cut from the exposed filter after final filter mass had 

been determined gravimetrically. This portion of filter was extracted initially in 

4% nitric acid via sonication for a total of 90 minutes, followed by the addition 

15mL of water and sonicated again for an additional 90 minutes. The extract was 

analyzed by ICP-MS. The analysis was completed using the manufacturer 

software.   

  Analyses were performed on the ELAN 9000 ICP/MS manufactured by 

Perkin Elmer Corporation. The instrument consists of an inductively coupled 

plasma source, ion optics, a quadrupole spectrometer, a computer that controls the 

instrument, data acquisition, and data handling (ELAN Software SCIEX, Version 

3.0), a printer, an autosampler (AS-93plus) and a recirculator. The quadrupole 
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mass spectrometer has a mass range of 2 to 270 atomic mass units (amu).  

Inorganic analysis followed the requirements in EPA Compendium Method IO-

3.5. 

  D.  Inorganic Quality Control 

 

  A summary of the quality control requirements that were met except as 

flagged for inorganic analysis is provided in Table 1 in Appendix H. Standard 

method quality control includes: 

• Method Spikes and Method Spike Duplicates, one per sample batch. The 

method spikes and method spike duplicates are controlled within <25% 

RPD of the target values. If the spikes are outside of these limits, 

calibration and extraction volumes are checked. If no calibration or 

calculation error is found the samples are re-extracted and reanalyzed. 

• Performance Evaluation (PE) Samples from a secondary source. PE 

samples are prepared and analyzed in the same way as field samples. 

• Blanks including:  

o 1) A method blank (MB) that contains all the reagents in the 

sample preparation procedure. Blanks are prepared and analyzed 

as a sample to determine the background levels from the 

instrument. 

o 2) A rinse blank consists of 2% nitric acid in DI water. The rinse 

blank is used to flush the system between standards and samples.  

The results must be below the MDL. 

o Initial calibration blanks (ICB) are analyzed immediately 

following the high standard verification. The absolute value of the 

instrument response must be less than the method detection limit.  

Samples results for analyses less than 5 times the amount of the 

blank are flagged or analysis is repeated.  

o Continuing calibration blanks (CCB) are analyzed following each 

continuing calibration verification sample. The acceptance criteria 

for the CCB are the same as the ICB. 
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• Laboratory Control Spike (LCS) prepared from a secondary source of 

calibration standards and analyze with each sample batch. The results 

must be within 80-120% RPD of actual values. 
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Figure 1: Location of Roda, Virginia 

 
 

 

 

 

 

 

 

 

 

 

 

Roda, Virginia 
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Figure 2:  PM10 24-hour concentration sampler and meteorological station at the 

Willis site in Roda, VA during August 2008  
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Figure 3:  Calibration of PM10 24-hour concentration sampler at the Willis site 

in Roda, VA during August 2008  
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Figure 4:  PM10 24-hour concentration sampler at the Campbell site in Roda, 

VA during August 2008  
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III. Results and Discussions 
 

Ambient particulate matter (PM10) results from direct particle emissions (e.g. 

carbon, soil dust, etc.). However, fine particulate matter (PM2.5) may also be secondary 

particles (i.e. generated by atmospheric reactions of precursor gas emissions).  Particles 

typically remain in the atmosphere for days to a few weeks, depending on their size and 

the rates at which they are removed from the atmosphere, for example by dry and wet 

deposition processes. Particulate matter in any given area may originate locally or from 

sources hundreds to thousands of kilometers away. Fine PM may also be formed during 

atmospheric transport from precursor gases originating from sources locally or far away. 

  The amount of particulate matter (PM10) airborne in Roda on a 24-hour basis 

exceeds the level of the National Ambient Air Quality Standard for PM10 during the 

sampling period. PM10 was sampled at two locations in Roda over the course of about 

two weeks in early August 2008. The U.S. Environmental Protection Agency (EPA) daily 

(i.e. 24 hours) concentration limit for PM10 is 150 µg/m
3
. Air sampling revealed daily 

concentrations of PM10 that exceeded 150 µg/m
3 
on ten out of twelve days at one location 

(Figure 5) (Site Campbell), and six out of twelve days at another location (Figure 6) (Site 

Willis). On one of these days the recorded daily concentration of PM10 at the Campbell 

sampling site was more than three times the national standard, at 469.7 µg/m
3
. The 

impacts of PM10 have decreased substantially in the Eastern United States over 

approximately the last 30 years. Roda, however, continues to see significant impacts of 

PM10 that are substantially larger than those observed in major cities in the Eastern 

United States. 

Elevated levels of particulate matter have been associated with significant 

negative effects on human health. A report prepared by Dr. Dudley F. Rochester for the 

Virginia State Advisory Board – Air Pollution in November 2006 concluded that “fine 

particulate matter causes significant morbidity (asthma and other respiratory diseases, 

heart disease and stroke) and premature mortality (adult and infant).” The report also 

concluded that “[i]nterventions that lower air concentrations of . . . particulate matter are 

associated with reductions in respiratory illness and overall death rate” (Appendix E). 

On one randomly selected day, Quartz Hi Vol 8/10 inch filters were exposed and 

analyzed for mass and a group of metals common to the EPA National Ambient Air 
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Toxics Stations program. Sampling from both sites revealed the presence of antimony, 

arsenic, beryllium, cadmium, chromium, cobalt, lead, manganese, mercury, nickel, 

selenium (Tables 1 and 2). PM is typically composed of a complex mixture of chemicals, 

a mixture strongly dependent on source characteristics. All of the metals listed above as 

present in the samples from Roda are known to be present in coal (Finkelman, R.B., 

1995). 

The dust problem in Roda and surrounding communities in southwest Virginia is 

significant. We urge the Virginia Air Pollution Control Board and the Virginia 

Department of Environmental Quality to address this problem by enforcing state air 

quality standards and by requiring the operators of coal facilities to employ practices that 

will prevent dust from being released from trucks and other sources, and that will prevent 

mud and dust from being tracked onto public roads. 
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Figure 5: Measurements of PM10 24-hour concentration at the 

Campbell site in Roda, VA during August 2008
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Figure 6: Measurements of PM10 24-hour concentration at the 

Willis site in Roda, VA during August 2008
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Table 1:  Inorganic Analysis of PM10 collected on quartz filter at the Roda, 
VA, Site (Campbell) for sample collected on August 7, 2008.  
The analysis was performed by ERG, Inc. based on 
compendium method IO – 3.5 

Analyte 

PM10 Mass 
concentration 
collected on 
the quartz 
filter paper 

(ng/m
3
) 

Time of 
exposure 

(h) 

Normalized 
24h-Mass 

concentration 
(ng/m

3
)* 

Calculated  
8h-Mass 

concentration 

(µµµµg/m
3
) 

ASTDR 
Standard 

(µµµµg/m
3
)** 

Carcinogens 
annual ave. 
(mg/m

3
)*** 

Inhalation 
Unit Risk 

(µµµµg/m
3
)**** 

Antimony 1.83 23.67 1.856 0.000619 0.5 - - 

Arsenic 0.958 23.67 0.971 0.000324 10.0 2.3x10
-7
 4.3x10

-3
 

Beryllium 0.067 23.67 0.068 0.000023 2.0 4.1x10
-6
 - 

Cadmium 0.263 23.67 0.267 0.000089 5.0 5.5x10
-5
 1.83x10

-3
 

Chromium 2.74 23.67 2.778 0.000926 0.5 - - 

Cobalt 0.915 23.67 0.928 0.000309 0.1 - - 

Lead 3.9 23.67 3.954 0.001318 1.5 - - 

Manganese 34.1 23.67 34.575 0.011525 5.0 - - 

Mercury 0.14 23.67 0.142 0.000047 0.1 - - 

Nickel 3.04 23.67 3.082 0.001027 1.0 - - 

Selenium 0.614 23.67 0.623 0.000208 0.2 - - 

PM10 Mass 183.432 23.67 185.99 62.0 - - - 

 

Volumetric flow rate of ambient air through the quartz filter paper 40 ft3/min 
* PM10 Mass collected on the filter normalized to 24 hour exposure 

**ATSDR - Agency for Toxic Substances and Disease Registry (http://www.atsdr.cdc.gov/toxprofiles/phs4.html).  

Values based on 8-hour exposure. 

***North Carolina Department of Environment and Natural Resources – Division of Air Quality – Acceptable 
Ambient Level (AAL) for toxic air pollutants (http://daq.state.nc.us/toxics/haps-taps/haps-taps-lookup.shtml) 

****US Environmental Protection Agency – Integrated Risk Information System (IRIS) 

(http://cfpub.epa.gov/ncea/iris/index.cfm) 
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Table 2:  Inorganic Analysis of PM10 collected on quartz filter at the 

Roda, VA, Site (Willis) for sample collected on August 7, 
2008.  The analysis was performed by ERG, Inc. based on 
compendium method IO – 3.5 

Analyte 

PM10 Mass 
concentration 
collected on 

the quartz filter 
paper (ng/m

3
) 

Time of 
exposure 

(h) 

Normalized 
24h-Mass 

concentration 
(ng/m

3
)* 

Calculated  
8h-Mass 

concentration 

(µµµµg/m
3
) 

ASTDR 
Standard 

(µµµµg/m
3
)** 

Carcinogens 
annual ave. 
(mg/m

3
)*** 

Inhalation 
Unit Risk 

(µµµµg/m
3
)**** 

Antimony 1.810 23.5 1.849 0.000616 0.5 - - 

Arsenic 0.720 23.5 0.735 0.000245 10.0 2.3x10-7 4.3x10-3 

Beryllium 0.041 23.5 0.042 0.000014 2.0 4.1x10-6 - 

Cadmium 0.090 23.5 0.092 0.000031 5.0 5.5x10-5 1.83x10-3 

Chromium 3.100 23.5 3.166 0.001055 0.5 - - 

Cobalt 0.970 23.5 0.991 0.000330 0.1 - - 

Lead 3.320 23.5 3.391 0.001130 1.5 - - 

Manganese 19.400 23.5 19.813 0.006604 5.0 - - 

Mercury 0.972 23.5 0.993 0.000331 0.1 - - 

Nickel 14.300 23.5 14.604 0.004868 1.0 - - 

Selenium 0.580 23.5 0.592 0.000197 0.2 - - 

PM10 Mass 96.853 23.5 98.914 32.971 - - - 

 

Volumetric flow rate of ambient air through the quartz filter paper 40 ft3/min 
* PM10 Mass collected on the filter normalized to 24 hour exposure 

**ATSDR - Agency for Toxic Substances and Disease Registry (http://www.atsdr.cdc.gov/toxprofiles/phs4.html).  

Values based on 8-hour exposure. 

***North Carolina Department of Environment and Natural Resources – Division of Air Quality – Acceptable 
Ambient Level (AAL) for toxic air pollutants (http://daq.state.nc.us/toxics/haps-taps/haps-taps-lookup.shtml) 

****US Environmental Protection Agency – Integrated Risk Information System (IRIS) 
(http://cfpub.epa.gov/ncea/iris/index.cfm) 



 18 

IV. Summary and Conclusions 
 

Roda and the surrounding communities in southwest Virginia face a significant 

threat from dust generated and transported by coal trucks. Limited preliminary air quality 

sampling undertaken in Roda in early August 2008 using standard US EPA 

measurements protocols revealed the presence of particulate matter (PM10) in amounts 

(24 hour PM10 mass concentration) up to three times the national ambient air quality 

standard. A considerable and growing body of evidence shows an association between 

adverse health effects and the exposure to ambient levels of PM. Epidemiological studies 

of large populations have frequently shown a statistical association between elevated 

levels of PM mass (PM10, PM2.5, and PM10-2.5) and adverse health effects (McMurry et 

al., 2004). 

 

V. Recommendations 
 

We recommend that the Virginia Air Pollution Control Board and Virginia 

Department of Environmental Quality take immediate action to address the dust 

conditions in southwest Virginia. These actions may include but need not be limited to: 

(1) conducting additional air quality measurements and modeling studies; (2) meeting 

with residents of affected communities; and (3) requiring mining facilities that contribute 

to the dust problem, including those that cause coal and other materials to be hauled 

through Roda to implement reasonable precautions to control fugitive dust. These 

reasonable precautions include, but are not limited to: (1) installing and operating truck 

washes; (2) installing rumble strips at the exits of all mining facilities to remove mud and 

dust from vehicles before they enter public roads; and (3) identifying and using alternate 

haul routes that bypass residential communities. The Air Board and DEQ should also take 

any additional steps that they see as necessary to implement best management practices 

for controlling dust emissions in the region. The authority of the Air Board and DEQ to 

take these actions is described in Appendix A. 
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TESTIMONY OF RONNIE C. WILLIS

I currently live at 1712 Roda Road, Appalachia, Virginia, 24216, and have lived here for

approximately 47 years. I was born in this hollow 70 years ago and have lived here most of my

life. I am a retired coal miner and worked in the area's underground mines for 28 years.

My home is adjacent to Roda Road, and trucks hauling coal from the surrounding mines

to the processing facility in Stonega, VA and elsewhere drive by my house at all hours ofthe

day. They often come through late at night and wake me up. My home is only about 20 feet from

the road and, as a result, I am subjected to noise and dust from this incessant coal truck traffic.

The trucks are often speeding; they drive much faster than the speed limit of 35 miles/hour.

The amount of coal mining in this area has increased significantly over the last decade

and consequently, so has the amount of coal truck traffic and dust. Previously, mining operations

were not conducted near peoples' homes and communities, and the mining was mostly

underground as opposed to the destructive forms of surface mining that are used today.

From August 3 to August 14, 2008, I had dust monitoring equipment installed on my

property. A scientist analyzed the air and found the dust levels to be above acceptable levels for

human health. I am very concerned that the coal dust coming off the haul trucks is harming my

health. I have been diagnosed with emphysema and black lung and the coal dust exacerbates my

condition. I used to go for walks along the road but had to stop because the coal dust was getting

into my eyes and burning them terribly. I am also concerned about being hit by speeding coal

trucks. Sometimes the trucks pass each other, which I believe is very dangerous on such a narrow

road.

I am hardly ever able to enjoy sitting on my front porch with family and friends because

the dust from the trucks is so bad. I used to sit on the front porch every morning and drink

coffee; it upsets me that I can no longer engage in this pleasant pastime. On the rare days that I

do get to sit there, I have to dust off the chairs first on account of all the coal dust that collects on

them. I also cannot hang clothes out to dry on the line because doing so would defeat the purpose
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of washing them to begin with. I cannot even open my windows because the dust is so bad. I

opened my windows only a few times last spring after first sticking filters in them to trap the coal

dust.

The coal companies do little to minimize the dust and, as a result, my home is filthy all of

the time. I have a pressure washer which I use several times a year to wash off my porch. I don't

wash my siding or windows as much because it would be useless. Each time I clean them, they

are covered in dust again in a matter of days. I would like to be able to relax and enjoy my home

more.

For the past 6 years, I have been vacuuming the coal dust in my house and labeling and

dating the vacuum bags to document the continuous presence of coal dust inside my home. I also

save my furnace filters and label and date them because they too demonstrate that coal dust is

persistently in my home. Each month I have to change the furnace filter because it gets clogged

with coal dust mixed with other kinds of fugitive dust.

In March 2005 I called the Department of Mines, Minerals, and Energy (DMME) to

make a complaint about mud deposited on my driveway by coal trucks traveling down the road. I

was told by DMME that they had no jurisdiction to require the coal companies to remove the

mud from my driveway. I called DMME again in July 2005 to make another complaint about the

noise and dust from speeding coal trucks. I told DMME that the coal trucks did not slow down

during my wife's funeral, even when I helped carry her casket to the hearse. They did not show

any respect for my wife. I suggested several things that the coal companies could do to correct

the dust problem, including trucking the coal around an old strip bench in front of my house,

installing truck washers, installing a sprinkler system to wet down the road, and making the

trucks maintain a safe speed limit of 15 mph. Again DMME told me that they could not do

anything because they only have jurisdiction over the haul roads.

After years of requests, the Virginia Department of Transportation finally built a ditch on

the other side of the road from my house, which helps collect mud and dust. Street cleaning
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machines periodically vacuum up some of this dust and wet the road, but this provides only

partial and infrequent relief.

A better solution would be to hose off the truck bodies and wheels to remove the dust and

mud before they are allowed to drive through town. About 4 years ago, the Virginia Department

of Mines, Minerals and Energy (DMME) collected about $35,000 in fines from some coal

companies for permit violations. DMME asked the community for suggestions on how to use the

money to reduce the coal dust problem. We requested a truck washer but have only received

years of excuses for why it hasn't been built. I believe a washer would drastically improve

conditions in the community.

I also believe that speed bumps would improve the dust problem because it would slow

the trucks down and reduce the amount of dried mud and dust that gets stirred up into the air by

the trucks. A third way the coal companies could reduce the problem is by using a different route

- a nearby haul road built in the 1950's or 60's - which would enable them to bypass traveling

through Roda, Osaka, and Stonega altogether. This would likely require only minor road

improvements along this alternate route.

Ever since Carl Ramey, a friend of mine and a respected member of the community,

challenged a coal company for conducting mining operations too close to his home and was told

to stop harassing the coal company and ordered to pay their attorney fees, a lot of people in the

community are afraid to challenge the coal companies that are harming our health and wellbeing.

But I am not afraid to stand up for myself and my community. I want the mining companies to be

held accountable for the coal dust problem they are creating, which is harming the quality of life

and health of local residents including myself. I want the coal companies and DMME to take

actions to rectify the problem, such as operating a truck washer, installing speed bumps, cleaning

the road more frequently, or avoiding Roda Road altogether by using an alternate haul route.

I've thought about moving several times, but each time decided that home wouldn't be

home if it were anywhere else. I wish to live in my home in Roda for the rest of my life. I know
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all my neighbors and enjoy the community spirit I feel here. I am 70 years old and not getting

any younger; Ido not want to move and start over somewhere else.

I also know firsthand how difficult it would be to sell my home. I also owned a house

across the road from mine and it took me 3 years to sell it, finally to a family member. I invested

a great deal of time and money into remodeling the home and believe Isold it for less than I

could have if the coal trucks didn't haul through the community and pollute the air. Ibelieve I

faced difficulty selling it because prospective buyers did not wish to live in a community full of

coal dust and diesel fumes. Ithus believe that the coal dust problem has decreased the value of

my home. If air conditions do not improve, I would consider moving away to escape the dust if a

coal company offered to buy my home for a fair market price or moved me to another home in

the area. But no mining company has offered to buy me out or relocate me.

<

By: ~ C. rJV.J~
Ronnie C. Willis

Date: 4 - (~ 0 2
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TESTIMONY OF NELL CAMPBELL

I currently live at 1482 Roda Road, Appalachia, Virginia, 24216. I am 91 years old and

have lived in this house here for about 50 years. This place feels like home to me.

My home is located very near Roda Road, and a lot of trucks hauling coal come by my

house all the time. I don't know how many there would be a day but once I told my girls, "I

looked out my blinds, and there was six coal trucks lined up in each direction. They couldn't

pass each other. They had to stop."

The dust coming off of the trucks is a problem. The well-being of the community has

been diminished. You know it can't be good for anyone's health to breathe coal dust. From

August 3 to August 14,2008, I had a dust monitor installed on my property. A scientist analyzed

the air and found the dust to be at levels that are unsafe for human health. I am very concerned

that the coal dust coming off the haul trucks is harming my health.

The community has been deprived of its use of the outdoors. We used to have coffee with

our neighbors out on the porch and sometimes on my neighbors' porches. That's not been

possible for the last five years because of the dust. There is practically no such thing as sitting

on your porch now. But I do go outside on my back porch on Sunday now to sit because the

trucks aren't around - the noise and the dust die down for at least that one day.

For about five years now, I have been unable to go outside because the coal dust is

unbearable. My grandchildren would come visit pretty often until a year ago when they moved

away, but when they would visit they couldn't play outside for all the dirt and dust. The little

children can't get out and play in the yard because it is too dusty. When driving through New

Town [which is 'l4 to 12 mile before you get to Roda from Appalachia], you could see little

children playing outside all the time but now you don't see any children. I also worry about the

children's safety. It's just too dangerous for the children because of the coal truck traffic.

Children come through my yard to go to the school bus and I don't care because it's just too
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dangerous for the children to be walking along the road. I won't be here all these years but the

children will.

For the last couple of years, I haven't been physically able to work in my flower garden,

but before that the dust outside kept me from working in my flower garden. I used to work

outside all the time. Our community used to be a happy community but you hardly see anyone

anymore. Everyone stays in their houses because of the dust. When I go out now to go to the

store, I go out and get in the car, that's it.

What they're doing makes our home worthless. If you wanted to sell it, someone would

come and look, they'd see all this dust and dirt, and think they wouldn't want their family to live

here. You can clean it up tonight and it's dirty again in the morning. Last year, my neighbor

Ronnie Willis came and washed my house down with his pressure washer, but it didn't stay

clean long. I used to enjoy being outside. Before the dust became such a problem, you couldjust

use the water hose to wash off the porch and it would stay clean for a pretty good while. Now

you could do it today and do it again in the morning and really you wouldn't be able to pay the

water bill.

There was talk in the community for awhile about the coal companies making us move. I

could go live with my daughters but I want to stay home. There were hints of them buying us

out. But with what they'd give you for your property; you couldn't go anywhere and buy a home

worth having.

I think it would be better for the community if we could solve the dust problems. I called

the Department of Mines, Minerals, and Energy in March 2004 to make a complaint about mud

tracked onto the road in front of my house by the coal trucks. The mud was so bad I couldn't

even get to my mailbox. One of the coal companies did come down and wash off the road in

front of my house and put gravel in front of my driveway. I don't believe anything more was

done by the Department or the companies to prevent more problems from happening in the

future. I didn't feel that the agency responded adequately. It would be great ifthere was

something more the companies could do to keep the trucks from carrying all this dust into the
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communities. Maybe then we could return to the outdoors, to sit outside, and the truck drivers

could still keep their jobs. I hate to see anyone lose their job and I don't think anyone has to lose

their job. I just want the coal companies to keep the dust levels down so our community has a

safe place to live.

Nell Campbell

BY: ------------------------------

DATE: 04f115/~009
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OUTDOOR AIR POLLUTION, HEALTH AND HEALTH COSTS IN VIRGINIA 
Report for State Advisory Board - Air Pollution 
Dudley F. Rochester, M.D. (November 2006) 

 
Introduction, Mission Statement & Scope 
 
The 2006 State Advisory Board – Air Pollution asked SAB member Dudley F. Rochester, 
M.D., to prepare a report on a) the impacts of outdoor air pollution on human health and 
health costs, and b) the effects of interventions to lower air pollution. 
 
The mission is to review the relevant medical, epidemiological and economic data in 
literature related to health effects of outdoor air pollution, to organize and interpret the 
findings of these articles, and to present the results in a format that emphasizes the 
impacts of outdoor air pollution on health and health costs in Virginia. 
 
Most of the available articles reviewed for this report focused on ozone and particulate 
matter.  The report summarizes data about direct effects of ozone and/or particulate 
matter on human health, health and other related costs, and impacts of interventions that 
lower air pollution levels on health and health costs. 
 
This report does not cover a) economic impacts of ambient air pollution such as damage 
to farm animals, crops and forests, or loss of tourism business; b) indoor air pollution; 
and c) mercury, which is the subject of a separate 2006 report by the State Advisory 
Board – Air Pollution. 
 
 
Executive Summary 
 

• Outdoor air pollution from ozone and fine particulate matter causes significant 
morbidity (asthma and other respiratory diseases, heart disease and stroke) and 
premature mortality (adult and infant).  The death rate attributable to air pollution 
is approximately 45% of that attributable to tobacco, and 8% of overall mortality. 

 
• Direct medical costs in the United States come to approximately $400 per year 

per Medicare recipient, and overall health costs are approximately $800 a year per 
adult.  In Virginia that comes to $4.8 billion per year, or 1.6 % of Virginia’s gross 
domestic product. 

 
• Interventions that lower the air concentrations of ozone and particulate matter are 

associated with reductions in respiratory illness and overall death rate.  In 
Virginia, a 33% reduction in current levels of ambient particulate matter and 
ozone would reduce respiratory illnesses in children by approximately one-third.  
Premature deaths would fall by 21 per 100,000 of the population per year 
(approximately 2.5% of the total death rate).  Reducing medical costs would save 
$1.6 billion per year. 
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Ozone & Particulate Matter (PM) 
 
Ozone precursors.  Volatile organic compounds (VOC) are substances such as paint 
thinners, gasoline, solvents and many other organic chemicals, from nature as well as 
from human endeavor, that evaporate into the air.  Oxides of nitrogen (NOx) are 
produced by burning fossil fuels in electric power plants, other types of factories and in 
internal combustion engines located on- and off-road.  Approximately 45% of VOC and 
63% of NOx come from mobile sources.  Ozone is formed in the troposphere, the part of 
the earth’s atmosphere that is close to the ground, through chemical reactions powered by 
sunlight and involving VOC and NOx.  Ozone can be transported by wind currents to 
hundreds of miles away from its source.  Sulfur dioxide (SO2) and NOx are important 
precursors of PM2.5 formed in the atmosphere. 
 
Sources of Particulate Matter.  Some fine particles come from disruption of the earth’s 
crust by sandstorms, excavation, volcanic activity and other phenomena.  Although the 
mass of particles of crustal origin is approximately four times that of particles resulting 
from the combustion of fossil fuel, we inhale many more of the latter because they are 
finer particles.  Fine particles originating from fossil fuel combustion are formed in 
stationary sources such as power plants and factories, as well as in mobile sources such as 
internal combustion engines on- and off-road, locomotives, construction equipment, farm 
and yard equipment, boats, airplanes etc.  In addition, fine particles are formed by 
chemical processes in the atmosphere involving gases emitted by burning fossil fuels.  
 
Classes of Particulates.  Particulate matter (PM) exists in multiple classes.  The term 
black smoke (BS) refers to a mixture of sizes, measured optically.  Another group is total 
suspended particulates (TSP).  Smaller particulates are referred to by their size, 
specifically, by their diameter in micrometers (µ).  The two principal groups of 
particulates monitored by US EPA and Virginia DEQ are those with a mean diameter 
under 10 μ (PM10) and particles with a mean diameter less than 2.5 µ (PM2.5).  PM10 and 
PM2.5 are referred to as fine particles.  On average, PM2.5 particles comprise about 70% of 
PM10 by mass.  However, PM2.5 particles are 10 to 100 times more numerous, and owing 
to their smaller size, they have a higher ratio of surface to volume. 
 
The concentrations of the different types of particulate matter in air tend to vary up and 
down together.  BS concentration is easily determined by absorption of light by 
particulate matter, and the BS level can be used as an indicator of diesel exhaust 
emissions (Gotschi 2002). 
 
Particulates Relevant to Health.  Most of the reports that deal with health effects of 
particulate air pollution concern PM10 and PM2.5.  These are the particulates that are most 
harmful to human health, especially those produced in motor vehicles (Laden 2000, 
Lanki 2006).  The technology for measuring PM2.5 levels in air was not widely available 
until the mid-1990s, so some studies report only on TSP, BS and other particulates. 
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Air Concentration Trends in Virginia 
 
Emissions of PM10, NOx, sulfate (SO2) and VOC fell by 10 to 46% from 1990 to 2002.  
In like fashion, air concentrations of ozone, PM10, NOx and SO2 fell by 12 to 39 % from 
1993 to 2003.  However, between 2004 and 2005 the air concentrations of ozone, PM10 
and PM2.5 increased by approximately 5 to 12% in Virginia (Table 1).  The utilization of 
electric power is projected to grow until 2050, the population of Virginia increased 
approximately 33% between 1980 and 2000, and vehicle miles traveled increased 99% 
during the same period.  Recently adopted EPA diesel, gasoline and emissions standards 
may ameliorate the rise in emissions of PM2.5 over coming decades.  However, if trends 
in population, power consumption and vehicle miles traveled continue upward, one can 
expect that particulate emissions and air concentrations will either continue to grow or at 
least remain high. 
 
Table 1, based on data supplied by the EPA website for cities and counties in Virginia, 
shows air concentration data for ozone, PM10 and PM2.5 for years 2004 and 2005.  The 
values for PM10 and PM2.5 are annual means; and the values for ozone are 8-hour 
maxima.  The EPA standard is 50 micrograms per cubic meter of air (μg/m3) for PM10, 15 
μg/m3 for PM2.5, and 80 parts per billion (ppb) for ozone. 
 

Table 1:  Average values for ozone, PM10 and PM2.5 in Virginia 
  Year Percent 
Pollutant Units 2004 2005 Difference 
Ozone ppb 75 79 +5.3 
PM10 μg/m3 18.8 21.0 +11.7 
PM2.5 μg/m3 13.2 14.1 +6.8 

 
The average values from all monitoring sites in the state for ozone and PM2.5 are close to 
the EPA standards.  In the large metropolitan areas of Virginia, the 8-hour ozone standard 
is often exceeded, and the PM2.5 standard is sometimes exceeded. 
 
 
Assessment of Health Effects 
 
The impact of air pollution on health can be assessed in multiple ways.  Questionnaires 
distributed to patients and/or their families provide information about respiratory 
symptoms such as wheezing, shortness of breath, tightness in the chest, cough and 
production of sputum.  The function of the lungs can be assessed by various breathing 
tests.  Such data can be recorded over many years to determine if there are long-term 
decrements in lung function.  Events such as the number of asthma attacks, visits for 
emergency care and hospitalizations can be tabulated.  Death rates from asthma, chronic 
obstructive pulmonary diseases (COPD) and lung cancer can be related to short-and long-
term exposure to ozone and fine particulates. 
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Mechanism of Air Pollution-Induced Illness 
 
Particle deposition in the lungs:  Respiratory and other illnesses may be related to the 
presence of fine particulate material in the lungs.  In a study that compared findings in 
Mexican and Canadian cities, the lungs of women who died of non-respiratory diseases 
were studied for their particle content.  The prevailing level of PM10 in the air was 4.7 
times higher in Mexico City than in Vancouver, and the lungs examined in Mexico City 
contained 7.4 times more particles than lungs from Vancouver.  The particles in the lungs 
had characteristics of diesel exhaust (Brauer 2001). 
 
Inflammation.  Ozone is a highly reactive substance that reacts with biological 
compounds to form oxygen free radicals.  These radicals are also highly reactive, 
promoting inflammation and damaging living tissues.  Fine particulate matter contains 
heavy metals and endotoxin which can also initiate inflammation (Ghio 2001, Long 2001, 
Tolbert 2002, Schaumann 2004).  Instillation of fine particles into the lungs of human 
volunteers evokes an inflammatory response characterized by the appearance of 
inflammatory cells and substances called cytokines in the lungs (Ghio 2001, Schaumann 
2004).  Humans who inhaled fine particulate matter developed biochemical markers of 
inflammation in their blood and urine (Fujii 2001, Ruckeri 2006, Rabinovitch 2006). 
 
The thickness of the inner and middle lining of the human carotid artery, which is related 
to inflammation in the lining, is proportional to the concentration of PM2.5 (Kunzli 2005).  
Cardiovascular mortality related to air pollution is thought to be mediated by 
inflammation (Pope 2004). 
 
 
Respiratory Illness 
 
Morbidity.  The prevalence of respiratory illness in children is related to levels of ozone 
and fine particulate pollution (Romieu 1996, Sheppard 1999, Gent 2003, Rabinovitch 
2006).  In addition to PM2.5 and PM10, TSP, SO2 and NOx are also involved (Zhang 
2002).  Deaths from asthma are related to NOx and ozone (Sunyer 2002).  Figure 1, 
based on data from Sheppard (1999) illustrates the number of hospitalizations per day in 
Seattle for asthma as related to the concentration of PM2.5.  Hospitalization rates for 
adults with respiratory diseases are also related to ozone and PM10 (Atkinson 2001, 
McGowan 2002). 
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Figure 1.  PM2.5 and Hospitalizations for Asthma
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Lung function.  As children grow, their lungs become larger and the numerical values for 
tests of lung function also increase.  Several studies involving three to eight years of 
follow-up have shown that deficits in the growth of lung function, as assessed by lung 
function tests, are related to exposure to ozone, fine particulates, NOx and acid vapor 
(Gauderman 2002, 2004, Horak 2002). 
 
Influence of traffic.  Respiratory illness in children and adults is higher in areas adjacent 
to high motor vehicle traffic (Hoek 2002, Garshick 2003, Kim 2004, McConnell 2006).  
Figure 2 (Kim 2004) shows the effect of the concentration of black carbon in the air on 
the prevalence of bronchitis in school children.  Each point on the graph is one school in 
Southern California.  It is clear that the higher the black carbon concentration in the air, 
the higher is the prevalence of bronchitis (a 40% increase in black carbon doubles the 
relative prevalence). 
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Figure 2.  Black Carbon & Bronchitis in Schools 
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Infant Morbidity & Mortality 
 
Low birth weight, a predictor of infant mortality, is associated with maternal exposure to 
SO2 and TSP during the third trimester of pregnancy (Wang 1997).  Exposure to CO, 
PM10 and NOx is associated with increased mortality in infants aged 1-12 months (Ritz 
2006).  Maternal exposure to ambient air pollution is associated with a variety of fetal 
abnormalities (Bocksay 2005, Perera 2002).  Cardiac defects in fetuses are associated 
with exposure of mothers to carbon monoxide and ozone in the first trimester of 
pregnancy (Ritz 2002). 
 
Infant mortality increases with increasing levels of PM10 (Ha 2003).  In US metropolitan 
areas, mortality from all causes, sudden infant death syndrome and childhood respiratory 
diseases increase in proportion to PM10 concentrations in the air (Kaiser 2004). 
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Cardiovascular Disease & Stroke 
 
Fine particulate pollution is associated with an increase in the incidence of heart attacks 
and precipitation of congestive heart failure (Wellenius 2005a, Wellenius 2006, Dominici 
2006), and in the incidence of ischemic strokes (Hong 2002a, 2002b, Wellenius 2005b, 
Low 2006).  The number of emergency admissions for heart attack and the risk of death 
from heart attacks both increase when PM2.5 increases (Zanobetti 2005, Dominici 2006).  
High levels of exposure to PM2.5 lead to atherosclerosis, which underlies both ischemic 
stroke and heart attacks (Kunzli 2005).  The probability of having a heart attack is 
increased by exposure to traffic (Peters 2004). 
 
 
Adult Mortality 
 
The association between fine particulate air pollution and increased risk of dying from all 
causes other than trauma has been demonstrated repeatedly (Schwartz and Dockery 1992, 
Dockery 1993, Pope 1995, Samet 2000, Goldberg 2001a, Goldberg et al. 2001b, Valois 
2001, Pope 2002, Ballester 2002, Medina 2004, Jerrett 2005).  The relative risk from of 
an exposure to equal mass concentrations is much higher for PM2.5 than from PM10 
(Samet 2000, Pope 2002).  Exposure to ozone carries a finite risk of mortality unrelated 
to exposure to particulates (Gryparis 2004, Bell 2005).  The risks of dying from COPD, 
lung cancer and heart disease after exposure to air pollution are substantially higher than 
the risk for all-cause mortality. 
 
Worldwide, PM2.5 causes about 3% of mortality from cardiopulmonary disease, 5% of 
mortality from cancer of trachea, bronchus and lung, and about 1% of mortality from 
acute respiratory infections in children under age 5 years.  It amounts to 0.8 million 
premature deaths (1.2 %) and 6.4 million years of life lost (Cohen 2005).  Even short-
term exposure to particulates increases the mortality rates beyond the effect of hastening 
the death of the most vulnerable people (Zanobetti 2002, Hoyos 2003). 
 
The data in Figure 3 (see below) are taken from the original six cities study (Dockery 
1993).  Each point in the graph represents a single city.  The six cities are located in the 
eastern and Midwestern parts of the United States.  The mean air concentrations of PM2.5 
ranged from 11 μg/m3 of air in the least polluted city to 30 μg/m3 in the most polluted. 
 
In the six cities study, the relative risk of dying is highest in the most polluted city.  These 
findings have not been altered by extensive reanalysis and follow-up (Dockery 1993, 
Laden 2000, Laden 2006).  By way of comparison, the relative risk of dying prematurely 
is 2.3 for a current smoker, 1.5 for a former smoker and 1.3 from PM2.5 in a heavily 
polluted city. 
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Figure 3:  Relative Risk of Dying
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The relationship between daily death rate and the concentration of either ozone or PM2.5 
is linear, i.e. relative risk of dying varies directly with the level of pollutant.  Statisticians 
find no evidence for a threshold, i.e. a little air pollution is bad and more is worse 
(Goldberg et al., 2001a, Schwartz 2002, Gryparis 2004, Bell 2006).  The magnitude of 
the relationship depends on duration of exposure (Dominici 2003, Goodman 2004). 
 
Table 2 shows the death rates in the United States.  The overall death rate in the United 
States is approximately 830 per 100,000 of the population per year.  The death rate from 
tobacco use is approximately 17% of the US total (US Census Bureau).  Air pollution 
accounts for approximately 8%, with a range of 12 to 146 and a median value of 64 
deaths per year per 100,000 of the population (Pope 1995, Samet 2000, Kunzli 2000, 
Pope 2002, Clancy 2002, Ballester 2002, Medina 2004, Jerrett 2005).  Note that the rate 
for air pollution exceeds the rate for alcohol, firearms and motor vehicle accidents 
combined. 
 
 

Table 2:  Comparison of Mortality Rates in the United States 
Cause of death Rate/100,000 Percent 
US total 830 100 
Tobacco 150 18 
Air pollution 64 8 
Alcohol, firearms, & motor vehicle 
accidents combined 

57 7 
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Health Costs of Air Pollution 
 
There is a strong correlation between the concentration of PM10 in the air and utilization 
of outpatient and inpatient medical services by Medicare recipients in the United States 
(Fuchs and Franks 2002).  These investigators estimated that reducing the concentration 
of PM10 by 10 μg/m3 would lead to a savings of $177 per year per senior citizen.  Given 
the currently prevailing level of PM10, the total direct medical cost would be 
approximately $370 per Medicare recipient per year. 
 
In southern California, the total cost of school absences related to air pollution was 
approximately $245 million (Hall 2003).  It was estimated that the reductions in air 
pollution estimated to occur by 2010 will result in fewer children visiting emergency 
rooms, fewer hospitalizations, a reduction in number of low birth rate infants, with an 
annual medical savings of approximately $267 million for children (Wong 2004). 
 
Studies based on large populations indicate that total health costs of air pollution, which 
include the impact of premature deaths, range from $600 to $1,000 per adult per year 
(Hall 1992, Levy 2001, Kunzli 2002, Hall 2006).  The average is approximately $800 per 
adult per year.  In Virginia that would come to approximately $4.8 billion per year, or 1.6 
% of Virginia’s gross domestic product. 
 
 
Effect of Interventions 
 
Rate of fall.  When emissions of air pollutants cease, air pollution levels drop rapidly.  In 
a 2003 power outage that affected mid-Atlantic states there were 50-90% reductions in 
SO2, ozone and light scattering particles within 24 hours (Marufu 2004). 
 
Morbidity.  In several places local or regional levels of particulate air pollution fell for 
several weeks or longer.  Studies of these events have yielded valuable information on 
the impact of interventions on pollution-related illnesses.  In the Salt Lake City area a 
steel plant was closed for a year for economic reasons (Pope 1989).  In East Germany, 
particulate pollution fell substantially after reunification (Heinrich 2000).  The downtown 
area of Atlanta was closed to traffic for several weeks during the 1996 summer Olympic 
Games (Friedman 2001).  The results of these studies are depicted in Figure 4 on page 10.  
Note that for each percent decrement in air pollution (dark grey bars), there is a nearly 
identical decrement in respiratory illness (light grey bars). 
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Figure 4.  Effect of Interventions
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Mortality.  In Dublin, Ireland the sale of bituminous coal for home space and water 
heating was banned in 1990.  Mortality ascribable to air pollution was studied for 6 years 
before and 6 years after the ban.  The concentration of black smoke (BS) in the air fell by 
70%.  Death rates from all causes except trauma fell by 5.7%, respiratory deaths fell by 
15.5 % and cardiovascular deaths fell by 10.3%.  Approximately 75 deaths per year per 
100,000 population could be attributed to air pollution (Clancy 2002). 
 
 
Consequences of Lowering Air Pollution in Virginia 
 
A one-third reduction in current levels of ambient particulate matter and ozone would be 
expected to reduce asthma and bronchitis in children by approximately one-third.  
Premature deaths would fall by 21 per 100,000 of the population per year, or 
approximately 2.5% of the total death rate.  The savings from reduced medical costs 
would come to approximately $1.6 billion per year. 
 
 
Progress to Date 
 
The data presented in the references cited do not take into account measures taken in 
recent years to ameliorate outdoor air pollution.  In the United States, measures have 
already been in effect for several years to reduce emissions from on-road vehicles and 
power plants.  Internal combustion engines are more efficient.  As of October 2006, 
diesel fuel has 90% less sulfur.  In 2007, emissions from selected off-road vehicles will 
be curtailed. 
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Summary 
 
Fine particulate matter and ozone have the greatest impact on human health.  At levels 
prevailing in Virginia, they are responsible for increased morbidity and mortality.  The 
death rate from air pollution is approximately 40% of that for tobacco use.  The health 
costs are approximately $4.8 billion (1.6% of Virginia’s gross domestic product). 
 
Interventions that reduce air pollution are accompanied by a comparable percentage fall 
in respiratory illness in children, and a substantial decrease in death rate.  A one-third 
reduction of air pollution in Virginia could lower children’s respiratory illnesses by 
approximately one-third, reduce death rate by 3% and save Virginia 1.6 billion dollars 
per year. 
 
 
Recommendations 
 
Use Energy Efficiently 
 

Home:  Insulate.  Adjust thermostats for less cooling in summer and less heating 
in winter.  Conserve water and use hot water judiciously. 

 
Architecture:  Build environmentally compatible residential and commercial 
buildings. 

 
Energy supply:  Utilize renewable sources (solar, wind, geothermal, etc.). 

 
On-road vehicles:  Maintain proper tire inflation.  Keep engine tuned.  Minimize 
unnecessary idling (idling engines pollute excessively).  Drive within the speed 
limits (fuel consumption increases drastically above 65 mph).  Avoid excessive 
acceleration and braking. 

 
Enact Legislation 
 

Off-road vehicles:  Develop and enact emissions standards for off-road vehicles 
that parallel standards for on-road vehicles. 

 
Control idling and speed limits:  Excessive idling and speeding waste fuel.  
Banning idling and putting in place lower speed limits would signal the public 
that energy efficiency is an important component of environmental health. 
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the Netherlands on Agricultural Air Quality, and in 2001 he was leader of the U.S. Department 

of State Delegation to France on Environment Science and Technology.  In 1990 Dr. Aneja 

served on the NASA panel for the selection of NASA Specialized Centers for Research and 

Training; and from 1994 to 2000 he served on the Exam Advisory Committee of the Institute 

of Professional Environmental Practice. From 1987-90 he served as the Site Director for the 

Mountain Cloud Chemistry Program.  In 1990 he was appointed the Mission Scientist for the 

“Southern Oxidant Study"; in 1994 he was appointed Program Scientist for the U.S. EPA and 

NSF funded Project "NOVA"; in 1996 he was appointed the Science Team Leader for the 

North Carolina Department of Environment and Natural Resources Program on "Atmospheric 

Nitrogen Compounds: Emissions, Transport, Transformation, Deposition, and Assessment,” 

and in 2001 he was appointed Program Scientist and Principal Investigator for the Animal and 

Poultry Waste Management Center/ Smithfield Foods funded Program OPEN (Odor, 

Pathogens, and Emissions of Nitrogen).  He served as a member of the Technical Advisory 

Committee on North Carolina Environmental Defense Fund, a member of the North Carolina 

Progress Board; and serves as a Director of the Air and Waste Management Association, and 

Chair of the Association’s Education Council. He has served on the editorial boards of the 

journals Environmental Pollution, Chemosphere, Journal of the Air and Waste Management 

Association, and Environmental Manager; and currently serves as Associate Editor for 

International Journal of Air Quality, Atmosphere, and Health; International Journal of 

Applied Environmental Sciences; The Open Environmental & Biological Monitoring Journal 

and the Scientific Journals International; and on the Reader Advisory Panel of Nature.   

 



 

 

 

 

 

Appendix G: 

 

Particulate Matter (PM10) and  

Meteorological Sampling  
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April 8, 2009 

 

Dr. Viney P. Aneja 

Professor  Air Quality 

North Carolina State University 

 

RE:  Ambient Air Sampling Equipment 

Cherokee Rental Order No. ???? 

 

Dear Dr. Aneja: 

 

North Carolina State University, acting on behalf of the Sierra Club, arranged for the procurement 

of some ambient air monitoring devices to support an ambient air sampling project. This 

document serves as a summary of the ambient air equipment procured and pertinent calibration 

information. 

 

Particulate Matter Samplers 
 

Two (2) Andersen/GMW Model GUV-16H High Volume air samplers equipped with PM10 size 

selective inlets were employed to collect ambient particulate matter with an effective 

aerodynamic size of less than 10 microns (PM10). The samplers were provided with volumetric 

flow controllers for constant flow control, a Dickson circular chart recorder for historical trend of 

volumetric flow through the sampler, and a mechanical timer and elapsed time indicator for total 

sampling time indication. Samples were collected onto 8-inch x 10-inch quartz fiber filters that 

were obtained from and pre-tared at (insert laboratory). 

 

The functionality and calibration of the particulate samplers was verified immediately prior to the 

field effort at our service center in Fuquay Varina, North Carolina. Dr. Viney Aneja of NC State 

University witnessed the initial testing of these instruments. The instrumentation was then 

transported to the field location and setup, calibrated and operated onsite various locations in 

accordance with the manufacturer’s specifications and USEPA methodology. 

 

All calibrations were conducted used a High Volume Air Sampler Calibration Kit, Model 

Andersen/GMW Veriflow. The calibration kit included a calibrated orifice transfer standard that 

was referenced to a spirometer as well as 8-inch x 10-inch mounting plate adapter and water slack 

tube manometer. The Veriflow orifice is capable of providing various pressure drops across the 

sampler flow controller in order to simulate particulate matter loading onto the filter. Calibrations 

were performed on each sample at site conditions prior to collection of the first sample at each 

location. These calibrations included volumetric flow verification through the sampler via 

comparison of the calibrated orifice results to the volumetric flow controller lookup tables. 

 

Meteorological Sampler 

 

One (1) Met One Model Automet portable weather station equipped with an onboard datalogger 

was employed to measure and record site weather conditions during sampling events. The station 

was provided with wind speed, wind direction, temperature, and barometric pressure and relative 

Cherokee Instruments, Inc. 
901 Bridge Street 

Fuquay Varina, NC (USA) 27526 

(919) 552-0554 Tel 

(919) 552-3991 Fax 

(800) 399-4236 Toll Free 

sales@ampcherokee.com 

www.ampcherokee.com 

 



 

 

Tennessee Operations  North Carolina Operations 

8705 Unicorn Drive, Suite B302  901 Bridge Street 

Knoxville, TN 37923  Fuquay-Varina, N.C. 27526 

(865) 947-6149 www.cherokeeinstruments.com (919) 552-0554 

humidity sensors. All sensors were mounted on a portable tripod with telescoping mast such that 

meteorological data could be obtained at a height of 5 to 10-ft above grade. All data was collected 

in real-time and averaged/stored at 15-minute data intervals using the onboard datalogger. 

 

The functionality and calibration of the meterological sensors were verified immediately prior to 

the field effort at our service center in Fuquay Varina, North Carolina. Verification of the 

individual sensors functionality was accomplished using constant RPM motor, compass, 

reference thermocouple and local airport barometric pressure. The instrumentation was then 

transported to the field location and setup and operated onsite at various locations in accordance 

with the manufacturer’s specifications and USEPA methodology. No site calibrations were 

performed. 

 

Please let me know if I can send you any additional information. If I can be of any further 

assistance, do not hesitate to give me a call at (800) 399-4236. Thank you for considering 

Cherokee Instruments for your equipment needs. 

 
Regards, 

 

 
Timothy Zapf 

Operations Manager 

Cherokee Instruments, Inc. 

 

 







Sales & Service: 1600 Washington Blvd., Grants Pass, OR 97526
Phone 541/471-7111, Fax 541/471-7116
Regional Service: 3206 Main St., Suite 106, Rowlett, TX 75088
Phone 214/412-4747, 214/412-4715, Fax 214/412-4716
http://www.metone.com

AutoMet is a registered trademark of Met One Instruments, Inc.
Windows 3.1 and Windows 95 are trademarks of Microsoft® Corporation

AutoMet™ is a complete,
self-contained, Digital
Meteorological Monitoring
System that provides instant
access to weather information. 
It is ideal in situations when it is
necessary to monitor and collect
reliable data requiring extreme
ease of installation without 
complicated programming.

FEATURES
▼ Meets or exceeds PSD 

regulatory requirements
▼ User-friendly plug-n-play 

configuration
▼ Rapid deployment– 

installs in minutes
▼ Low operating cost
▼ Rugged–all metal sensor array
▼ Keyboard/Display 
▼ Lasting accuracy, 

20,000 hour MTBF
▼ 200-Day storage capacity
▼ Data retrieval through 

RS-232 port, modem, 
radio/cellular phone

▼ Direct printer output
▼ Palm size Data 

Transfer Module

INSTALLATION
Installation is a snap with the
AutoMet. Each system is pre-
tested and certified.
Measurements may be easily
added in the future using any
AutoMet™ Sensor. The supplied
tool kit enables anyone to do
the installation.

For portable applications, AX
carrying cases provide conve-
nient transport and the “Easi-
Up” tripod takes less than 5
minutes to deploy.

CONSTRUCTION
The AutoMet sensor array is
solidly constructed of aluminum
alloy and finished with a protec-
tive gloss white powder coat
paint.

The electronics data package is
housed in a non-ferrous Nema 4
enclosure. All electronics are
conservatively rated, circuit
boards are environmentally
coated, with built-in surge pro-
tection.

INPUTS
8 analog, and 1 pulse (Rain)

POWER REQUIREMENTS
12 VDC from internal battery
pack, external expansion bat-
tery, solar panel or 115/230 VAC
using the power module.

™

AutoMet



AUTO-PROGRAMMING
Gathering reliable data has
never been easier. AutoMet fea-
tures a unique self-configuring
interface allowing it to program
itself. Simply plug in an
AutoMet™ Sensor and AutoMet
identifies the sensor type, deter-
mines its range, and writes the
programming to record the sen-
sor data.

AUTOMET™ SENSORS
AutoMet sensor array consists of
selected sensors that incorpo-
rate the unique AutoMet inter-
face.

STANDARD SENSORS
AutoMet will also work with a
wide variety of standard sensors.
Standard sensors are used with
your logger, their logger or any
of our other standard loggers.

Optional Automatic Direction
Alignment (ADA) unit allows the
system to collect valid wind
data without the necessity of
manual compass alignment pro-
cedures.

PASSWORD PROTECTION
Set-up files are protected by 4-
character passwords to ensure
data integrity. Passwords may
be changed at any time.

AVERAGING PERIODS
Quick and easy setting of flexi-
ble averaging periods of 1, 5, 15
or 60 minutes ensures compli-
ance with regulatory require-
ments. 

AUTOMATIC ALARMS
Two automatic alarms may be
set at any measurement chan-
nel to signal personnel about
hazardous conditions or to turn
equipment on or off in the
event that measurement falls
above, below, or within prede-
termined ranges.

DATA STORAGE 
Internal memory module is suffi-
cient to collect data for a peri-
od in excess of 200 days, when
data is recorded on an hourly
basis.  

FIELD DIRECT DATA
Collecting real time or historical
data from a field site has never
been easier. Data can be read
on site using the built-in display,
your portable computer, printer,
or carried off site by using Data
Transfer Module. 

DATA TRANSFER MODULE
The palm size Data Transfer
Module may be used to transfer
data from the AutoMet to any
computer equipped with an RS-
232 communications port.

DESKTOP DATA
Data is available on command
using AutoMet and  any of the
communications options avail-
able. Data may be transferred
to desktop computer directly
via cable, radio telemetry or by
a dial-up modem. 

TELEMETRY OPTIONS
A license free spread spectrum
radio system provides a high reli -
ability data link between the
sensor array control unit and the
remote display module. 

SOFTWARE
AutoMet Software is a complete
package of communications,
data collection, and data
reporting tools with a windows-
like operating environment.
AutoMet Software provides
complete environmental report-
ing in compliance with EPA and
other requirements. Software
support for modem, radio,
direct connection, and Data
Transfer Module are provided.

Summary reports are generated
by AutoMet Report using month -
ly data files. The operator selects
the period to be printed with
beginning and ending prompts.
Report footers provide the sum-
mary scalar averages, vector
averages and percentage of
data collection. AutoMet Plus
Software, operates under both
Windows 3.1® and greater, and
Windows 95®. It provides the
same reporting functions plus full
graphic capabilities. Data may
be reported, graphed and wind
rose plots may be produced.

LARGE BUILT-IN DISPLAY
AutoMet includes a keyboard
with 8 X40 character back-lit
LCD display which allows system
configuration, operation, and
retrieval of data with simple
menu-driven commands and
context sensitive hot-keys. 

Prompted display provides the
easiest, quickest way to set up
and scan data. Special calibra-
tion mode marks data gathered
during calibration periods.

• WIND SPEED

• WIND DIRECTION

• TEMPERATURE

• RELATIVE HUMIDITY

• SOLAR RADIATION

• BAROMETRIC

PRESSURE

• PRECIPITATION

• AND MORE,

CONSULT FACTORY

AutoMet
™



'1600 Washington BIvd
Grants Pass Or 97526
Tel# 541-471-7111
Fax# 541 -471 -7116

Central Region Sales &
Service
3206lvlain Si. Sutte 106
Rowlett, Texas 75088
Iel# 972- 412- 4747

Job Number

Test Date

lvlodel# CustomerStation

Error

Met One lnstruments
System Test Certification

72571
6t30t2008 caribration Due | 6/30/2009 I Tested By Laurie Thurn

4664 Ser#

Expected

Wnd Speed Tested W/ 034A Ser# NIA Tested on ch 1
Zero 0.00 Hz 0.3 m/s n \ .q  m/s ! A .  A  m / s t 0.3 m/s
lvlid 26.82 Hz 21 .7 mls 2 l , c )  m ts +o, L mts 10.3 m/s

SDan 53.65 Hz 43.1 m/s 4?,,+ n|,ts l n . 1  m / s t 0.3 m/s
Sensor 8.3 m/s 1 0 4 m / s

Wnd Direction Tested W 0344 ser# tl Ia Tested on ch 2

Zero 0.000 Vdc 0 " , t o + 2 "
Mid 0.950 Vdc 137 " t ? l ^ , ,  ' t 2 '
M'd 2.500 Vdc 360 " 4r<q.q t 2 '

Sensor 10" 1 0 ' t 3 '
90' 9 0 ' r 3 "

180 ' 180  ' r 3 '
270" 270', r 3 "
350' 350 ' t 3 '

Alr Temperaturc Tested W/ 083C-1-35 Se# ^t lA Tested on ch 3
Zero 73449 ohm -30.0 "c -,'q,8 'c -  4 , 2  " c 4 0 .3 'C
Mid 17092 ohm 30.0 "c 3ar, O :c !  0 , 6  ' c t  0.3 "C
Span 10545 ohm 50.0 'c qq,g 'c -o, I  'c j  0 .3 'c

Sensor 'c 'c r 0.4 "c

Relative Humlditv Tested W/ 083C-1-35 Ser# N/A Tested on ch 4

Zero 0.000 Vdc 0.0% ! o , A  % {0.30h

t\4id 0.500 vdc 50.07o LlC.9 Vo - A . t  % ! 0.30k

Span 0.950 Vdc 95.0% c q , q  % - A , l  % !  0.3%

Sensor ^ o/' o/o - % ! 3 . 0 %

Svstem Pwr Rea < 5 0 m A

Page # 1 ai2



'1600 Washington BIvd
Grants Pass Or 97526
re l#  541 -471-7111
Fax# 541 -471 -7116

Centfal Region Saies & Service
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Rowlett, Texas 75088
Tel# 972- 412- 4747

Job Number

Test Date

Met One lnstruments
System Test Certification

72571
6t30t2008 Tested By

4

CHEROKEE INSTRUMENTS
Laurie Thurn

'Ser#Model #
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Wheather station 3363
Met One Y
H6261 Y

TYPE UNITS PREC MULT OFFSET VOLT INV SLOPE VECT/SCAL MODE
CH 1 WS MPH 1 100 0 2.5 N V Count 1
CH 2 WD DEG 1 360 0 2.5 N V Manual
CH 3 AT C 1 178.9 -72.9 2 Y S Manual
CH 4 RH % 1 100 0 1 N S Manual
CH 5 BP Hg 2 6 26 1 N S Manual
CH 6 BV VDC 1 15 0 1 N S Manual
CH 7 no
CH 8 no
CH 9 Rain IN 2 0.01 0 1 N S Manual

Wind sensor works Acutal Recorded
30 30 Deg C

Wind direction 0o Y
90o Y

180o Y
270o Y 29 29 mmHg

0 0 in

Technician: Date: 7/11/2008

X1609

Relative humidity sensor
Data transfer module

X1399
A4998

Barometric Pressure sensor
Radiation sheild

Relative humidity

Baro Pressure

Rain

MJH

Met-One System QA/QC Check
Cherokee Instruments, Inc.

Analyzer Type

Air temp

Analyzer Model 
Analyzer Serial No.

Case No.

Analyzer Asset #
Manual with Instrument?

Power Cord and Signal Cable?



                                        

Site

Make: ???

??? Model: ???

??? Serial: ???

??? Slope: ???

??? Int.: ???

??? ???

255 ???

-18 0

Run Orifice Qa Sampler Pf Look Up % of

Number "H2O m3/min "H2O mm Hg Po/Pa m3/min Diff

    1 3.20 #DIV/0! 17.30 32.287 #DIV/0! 1.193 #DIV/0!

    2 3.15 #DIV/0! 19.10 35.646 #DIV/0! 1.186 #DIV/0!

    3 3.10 #DIV/0! 19.70 36.766 #DIV/0! 1.185 #DIV/0!

    4 3.10 #DIV/0! 21.10 39.378 #DIV/0! 1.180 #DIV/0!

    5 3.00 #DIV/0! 29.90 55.802 #DIV/0! 1.150 #DIV/0!

Serial #:

Calibration Orifice

Cherokee Instruments, Inc.

Particulate Sampler Calibration

Volumetric Flow Controller

Location:

Date:

Tech.:

Sampler:

???

Temp (deg F):

Ta (deg K):

Ta (deg C):

Elevation (ft):

SL Press (in Hg):

Pa (mm Hg):

Calculations 

Calibrator Flow (Qa) = 1/Slope*(SQRT(H20*(Ta/Pa))-Intercept)

Pressure Ratio (Po/Pa) = 1-Pf/Pa

% Difference = (Look Up Flow-Calibrator Flow)/Calibrator Flow*100



 

 

 

 

 

Appendix H: 

 

PM10 sample mass and chemical analysis  

 

 



 

601 Keystone Park Drive, Suite 700, Morrisville, NC 27560, Telephone: (919) 468-7800, Fax (919) 468-7803 

Arlington, VA  · Atlanta, GA  · Austin, TX   · Boston, MA  · Chantilly, VA  · Chicago, IL  · Fairfield, CT 

Harrisburg, PA  · Kansas City, KS · Lexington, MA · Nashua, NH  ·Research Triangle Park,  Morrisville, NC  · Sacramento, CA 

Equal Opportunity Employer 
 

10 October 2008 

 

Viney P. Aneja 

North Carolina State University 

5136 Jordan Hall Room 5136 

Raleigh, NC 27695-8202 

 

RE: PM-10 Filter Analysis 7-2008 

 
Enclosed are the results of analyses for samples received by the ERG laboratory on or 

after 08/08/08.  High Volume (Hi Vol) 8/10 inch fiberglass filters were analyzed to determine 

mass. Quarts Hi Vol 8/10 inch filters were analyzed for mass and a group of metals common to 

the EPA National Ambient Air Toxics Stations program.  A list of the samples received in this 

project is listed in the ANALYTICAL REPORT FOR SAMPLES.  Results and reporting/detection limits 

are provided in the GRAVIMETRIC MEASUREMENT and INORGANICS BY COMPENDIUM METHOD IO-

3.5 data tables in this report. Data has been reported using the total sample volume provided by 

your staff on chain of custody forms. The ERG LIMS tracking numbers for this work are 

8081414 and 8090908.  Samples were stored after receipt at ambient temperature in an 

environmentally controlled room prior to analysis.  This report includes a cover page, 3 pages of 

narrative, 21 pages of filter mass data and inorganic analysis results.  Inorganic analysis was 

performed according to our NELAC certification. A copy of the COCs for this sample set is also 

provided as an attachment.   

ERG remains committed to serving you in the most effective manner.  Should you have 

any questions or need additional information and technical support, please contact me at (919) 

468-7887.  Thank you for choosing ERG as a part of your analytical laboratory support team. 

 

Sincerely yours,  

 

 

 

Raymond G. Merrill 

ERG Project Manager and  

Laboratory Technical Director

 



 

 

Narrative 

 

The Analytical Report of Samples table lists samples received by ERG’s laboratory 

tracked under ERG LIMS numbers 8081414 and 8090908. Samples were received on 08/08/08.  

Samples were equilibrated in an environmentally controlled balance room prior to analysis.  Our 

analysis procedure covers the determination of metals on PM10 or TSP filters used to sample 

ambient air and submitted to the laboratory. 

 

Gravimetric Analysis 

Gravimetric measurements are performed with a Satorius LA 120S equipped with a large 

area weighing chamber. Calibration is checked with NIST Class S weights.  Ambient filters are 

equilibrated for 24 hours under balance room conditions prior to weighing.   Tare weights are 

recorded prior to filter media shipment and use.  Sample plus filter tare weights are measured 

after 24 hour equilibration under environmentally controlled balance room conditions. Initial and 

final weights are recorded and entered into the ERG LIMS for subsequent review and reporting.  

Samples are handled and analyzed conforming to 40 CFR 50, Appendix J, Section 9.16 - 9.17. 

 

 Inorganic Analysis 

A 4"x 1" portion is cut from the exposed filter after final filter mass has been determined 

gravimetrically.  This portion of filter is extracted initially in 4% nitric acid via sonication for a 

total of 90 minutes, followed by the addition 15mL of water and sonicated again for an 

additional 90 minutes.  The extract is analyzed by ICP-MS.  The analysis is completed using the 

manufacturer software.   

 

Analyses were performed on the ELAN 9000 ICP/MS manufactured by Perkin Elmer 

Corporation.  The instrument consists of an inductively coupled plasma source, ion optics, a 

quadrupole spectrometer, a computer that controls the instrument, data acquisition, and data 

handling (ELAN Software SCIEX, Version 3.0), a printer, an autosampler (AS-93plus) and a 

recirculator.  The quadrupole mass spectrometer has a mass range of 2 to 270 atomic mass units 

(amu).  Inorganic analysis follows the requirements in EPA Compendium Method IO-3.5. 



 

 

Inorganic Quality Control 

A summary of the quality control requirements that were met except as flagged for 

inorganic analysis are provided in Table 1. Standard method quality control includes: 

 

• Method Spikes and Method Spike Duplicates, one per sample batch. 

The method spikes and method spike duplicates are controlled within ∀25% RPD of the target 

values.  If the spikes are outside of these limits, calibration and extraction volumes are checked.  

If no calibration or calculation error if found the samples are re-extracted and reanalyzed. 

• Performance Evaluation (PE) Samples from a secondary source.  PE samples are 

prepared and analyzed in the same way as field samples. 

• Blanks including:  

o 1) a method blank (MB) that contains all the reagents in the sample preparation 

procedure.  Blanks are prepared and analyzed as a sample to determine the background 

levels from the instrument. 

o 2) A rinse blank consists of 2% nitric acid in DI water.  The rinse blank is used to flush 

the system between standards and samples.  The results must be below the MDL 

 

o Initial calibration blanks (ICB) are analyzed immediately following the high standard 

verification.  The absolute value of the instrument response must be less than the 

method detection limit.  Samples results for analyses less than 5 times the amount of the 

blank are flagged or analysis is repeated.  

o Continuing calibration blanks (CCB) are analyzed following each continuing calibration 

verification sample.  The acceptance criteria for the CCB are the same as the ICB. 

 

• Laboratory Control Spike (LCS) prepared from a secondary source of calibration standards and 

analyze with each sample batch.  The results must be within 80-120% RPD of actual values. 



 

 

Narrative Table 1. Summary of Quality Control Procedures for Metals Analysis  
 

 

Parameter Frequency Acceptance Criteria Corrective Action 

Initial calibration 

standards (IC) 

Daily, at least 4 

calibration points 

Correlation coefficient 

∃ 0.995 

1) Repeat analysis of calibration 

standards. 

2) Reprepare calibration standards 

and reanalyze. 

Initial calibration 

standards (ICAL) 

Daily, at least 4 

calibration points  

Correlation coefficient  

0.995 

1) Repeat analysis of calibration 

standards. 

2) Reprepare calibration standards and 

reanalyze. 

Initial calibration blank 

(ICB) 

Immediately after HSV Must be ≤ MDL 1)Locate and resolve contamination 

problems before continuing. 

2) Reanalyze 

High standard verification 

(HSV) 

Before ICB Recovery from 95 to 

105% 

1) Repeat analysis of HSV. 

2) Reprepare HSV. 

Initial calibration 

verification (ICV) 

Immediately after 

calibration 

Recovery 90-110%  1) Repeat analysis of calibration check 

standard. 

2) Repeat analysis of calibration 

standards. 

3) Reprepare calibration standards and 

reanalyze. 

Interference Check 

Standard (ICS) 

Following the ICV/QCS, 

every 8 hours and at the 

end of each run 

Recovery from 80 to 

120% 

1) Repeat analysis of ICS. 

2) Reprepare ICS. 

Continuing calibration 

verification (CCV) 

Analyze before the 1
st
 

sample, after every 10 

samples, and at the end of 

the run 

Recovery 90-110% 1) Repeat analysis of continuing 

calibration verification sample. 

2) Reprepare continuing calibration. 

3) Reanalyze samples since last 

acceptable continuing calibration 

verification. 

 

MB 1 per 20 samples, a 

minimum of 1 per batch 

Analytes below MDL 1) Reanalyze. 

2) Reprepare blank and reanalyze. 

3) Repeat analyses of all samples since 

last clean blank. 

LCS 1 per 20 samples, a 

minimum of 1 per batch 

Recovery 80-120%, with 

the exception of Ag and 

Sb 

1) Reprepare sample batch. 

2) Reanalyze. 

MS/MSD 1 per 20 samples per 

sample batch 

Recovery 75-125%, with 

the exception of Ag and 

Sb 

1) Reprepare sample batch. 

2) Reanalyze. 

Serial Dilution 1 per batch 
Recovery 90-110% of 

undiluted sample 

1) Reprepare dilution 

2) Flag data. 



 

 

 

Project: 
Project Number: 

Project Manager: 
Reported: 

North Carolina State University 
5136 Jordan Hall Room 5136 

PM-10 Filter Analysis 7-2008 
3290.00.133.001 
Viney P. Aneja 10/10/08 14:26 Raleigh NC, 27695-8202 

Sample ID Laboratory ID Matrix Date Sampled 

ANALYTICAL REPORT FOR SAMPLES 

Date Received 

6735808 8090908-01 Air 08/03/08 23:59 09/01/08 16:14 

6735899 8090908-02 Air 08/03/08 23:59 09/01/08 16:14 

6735830 8090908-03 Air 08/04/08 23:59 09/01/08 16:14 

6735833 8090908-04 Air 08/04/08 23:59 09/01/08 16:14 

6735832 8090908-05 Air 08/05/08 23:59 09/01/08 16:14 

6735859 8090908-06 Air 08/05/08 23:59 09/01/08 16:14 

6735833 8090908-07 Air 08/06/08 23:59 09/01/08 16:14 

6735834 8090908-08 Air 08/06/08 23:59 09/01/08 16:14 

Q0164739 8090908-09 Air 08/07/08 23:59 09/01/08 16:14 

Q0164738 8090908-10 Air 08/07/08 23:59 09/01/08 16:14 

6735839 8090908-11 Air 08/08/08 23:59 09/01/08 16:14 

6735840 8090908-12 Air 08/08/08 23:59 09/01/08 16:14 

6735835 8090908-13 Air 08/09/08 23:59 09/01/08 16:14 

6735836 8090908-14 Air 08/09/08 23:59 09/01/08 16:14 

6735837 8090908-15 Air 08/10/08 23:59 09/01/08 16:14 

6735838 8090908-16 Air 08/10/08 23:59 09/01/08 16:14 

6735841 8090908-17 Air 08/11/08 23:59 09/01/08 16:14 

6735842 8090908-18 Air 08/11/08 23:59 09/01/08 16:14 

6735843 8090908-19 Air 08/12/08 23:59 09/01/08 16:14 

6735844 8090908-20 Air 08/12/08 23:59 09/01/08 16:14 

6735845 8090908-21 Air 08/13/08 23:59 09/01/08 16:14 

6735846 8090908-22 Air 08/13/08 23:59 09/01/08 16:14 

6735847 8090908-23 Air 08/14/08 23:59 09/01/08 16:14 

6735848 8090908-24 Air 08/14/08 23:59 09/01/08 16:14 

Ray Merrill, Technical Director                Page 2 of 22 

Eastern Research Group The results in this report apply only to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety. 



 

 

 

Project: 
Project Number: 

Project Manager: 
Reported: 

North Carolina State University 
5136 Jordan Hall Room 5136 

PM-10 Filter Analysis 7-2008 
3290.00.133.001 
Viney P. Aneja 10/10/08 14:26 Raleigh NC, 27695-8202 

Gravimetric Measurement 

Eastern Research Group 

Result  Analyte Limit 
Reporting 

Units Dilution Batch Prepared Analyzed Method Notes 

6735808 (8090908-01) Air    Sampled: 08/03/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/03/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.19800 

6735899 (8090908-02) Air    Sampled: 08/03/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/03/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.45520 

6735830 (8090908-03) Air    Sampled: 08/04/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/04/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.24990 

6735833 (8090908-04) Air    Sampled: 08/04/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/04/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.66130 

6735832 (8090908-05) Air    Sampled: 08/05/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/05/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.29530 

6735859 (8090908-06) Air    Sampled: 08/05/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/05/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.28520 

6735833 (8090908-07) Air    Sampled: 08/06/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/06/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.15950 

6735834 (8090908-08) Air    Sampled: 08/06/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/06/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.18990 

Q0164739 (8090908-09) Air    Sampled: 08/07/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/07/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.15480 

Ray Merrill, Technical Director 

Eastern Research Group The results in this report apply only to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety. 
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Project: 
Project Number: 

Project Manager: 
Reported: 

North Carolina State University 
5136 Jordan Hall Room 5136 

PM-10 Filter Analysis 7-2008 
3290.00.133.001 
Viney P. Aneja 10/10/08 14:26 Raleigh NC, 27695-8202 

Gravimetric Measurement 

Eastern Research Group 

Result  Analyte Limit 
Reporting 

Units Dilution Batch Prepared Analyzed Method Notes 

Q0164738 (8090908-10) Air    Sampled: 08/07/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/07/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.29530 

6735839 (8090908-11) Air    Sampled: 08/08/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/08/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.15200 

6735840 (8090908-12) Air    Sampled: 08/08/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/08/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.57520 

6735835 (8090908-13) Air    Sampled: 08/09/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/09/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.0301 

6735836 (8090908-14) Air    Sampled: 08/09/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/09/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.0499 

6735837 (8090908-15) Air    Sampled: 08/10/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/10/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.14680 

6735838 (8090908-16) Air    Sampled: 08/10/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/10/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.23610 

6735841 (8090908-17) Air    Sampled: 08/11/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/11/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.34920 

6735842 (8090908-18) Air    Sampled: 08/11/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/11/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.40730 

Ray Merrill, Technical Director 

Eastern Research Group The results in this report apply only to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety. 
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Project: 
Project Number: 

Project Manager: 
Reported: 

North Carolina State University 
5136 Jordan Hall Room 5136 

PM-10 Filter Analysis 7-2008 
3290.00.133.001 
Viney P. Aneja 10/10/08 14:26 Raleigh NC, 27695-8202 

Gravimetric Measurement 

Eastern Research Group 

Result  Analyte Limit 
Reporting 

Units Dilution Batch Prepared Analyzed Method Notes 

6735843 (8090908-19) Air    Sampled: 08/12/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/12/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.28410 

6735844 (8090908-20) Air    Sampled: 08/12/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/12/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.45930 

6735845 (8090908-21) Air    Sampled: 08/13/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/13/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.32690 

6735846 (8090908-22) Air    Sampled: 08/13/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/13/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.73510 

6735847 (8090908-23) Air    Sampled: 08/14/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/14/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.28510 

6735848 (8090908-24) Air    Sampled: 08/14/08 23:59   Received: 09/01/08 16:14 

B8J1006 08/14/08  10/10/08  g 1 Weight (gm) 0.0000 NA 0.56150 

Ray Merrill, Technical Director 

Eastern Research Group The results in this report apply only to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety. 
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Project: 
Project Number: 

Project Manager: 
Reported: 

North Carolina State University 
5136 Jordan Hall Room 5136 

PM-10 Filter Analysis 7-2008 
3290.00.133.001 
Viney P. Aneja 10/08/08 16:28 Raleigh NC, 27695-8202 

Notes and Definitions  

Sample results reported on a dry weight basis 

Relative Percent Difference RPD 

dry 

Not Reported NR 

Analyte NOT DETECTED at or above the reporting limit ND 

Analyte DETECTED DET 

Ray Merrill, Technical Director 

Eastern Research Group The results in this report apply only to the samples analyzed in accordance with the chain of 

custody document. This analytical report must be reproduced in its entirety. 
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CERTIFICATE OF ANALYSIS 

North Carolina State University 

AQS SITE CODE: 

SUBMITTED:  08/08/08  to 09/01/08  

FILE #: 

ATTN: 

REPORTED: 5136 Jordan Hall Room 5136 

3290.00.133.001 

Viney P. Aneja 

10/08/08 16:18 

Raleigh, NC 27695-8202 

PHONE:  (919) 515-7808 SITE CODE: PM-10 Filter Analysis 7-2008 FAX:  (919) 515-7802 

Q0164739 Description: 

Received: 

Sampled: Lab ID: 8090908-09 08/07/08 23:59 

09/01/08 16:14 Matrix: Air 
Analysis Date: Comments: 09/23/08 15:23 

Sample Volume: 1631.05 m³ 

Inorganics by Compendium Method IO-3.5 

Analyte 

Results MDL 

Flag CAS Number ng/m³ Air ng/m³ Air 
Antimony D 7440-36-0 0.006 1.81 
Arsenic D 7440-38-2 0.010 0.720 
Beryllium D 7440-41-7 0.012 0.041 
Cadmium D 7440-43-9 0.008 0.090 
Chromium D 7440-47-3 0.178 3.16 
Cobalt D 7440-48-4 0.009 0.697 
Lead D, B 7439-92-1 0.107 3.32 
Manganese D 7439-96-5 0.021 19.4 
Mercury A-01, D, B 7439-97-6 0.024 0.972 
Nickel D 7440-02-0 0.110 14.3 
Selenium D 7782-49-2 0.024 0.568 
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CERTIFICATE OF ANALYSIS 

North Carolina State University 

AQS SITE CODE: 

SUBMITTED:  08/08/08  to 09/01/08  

FILE #: 

ATTN: 

REPORTED: 5136 Jordan Hall Room 5136 

3290.00.133.001 

Viney P. Aneja 

10/08/08 16:18 

Raleigh, NC 27695-8202 

PHONE:  (919) 515-7808 SITE CODE: PM-10 Filter Analysis 7-2008 FAX:  (919) 515-7802 

Q0164738 Description: 

Received: 

Sampled: Lab ID: 8090908-10 08/07/08 23:59 

09/01/08 16:14 Matrix: Air 
Analysis Date: Comments: 09/23/08 15:31 

Sample Volume: 1631.05 m³ 

Inorganics by Compendium Method IO-3.5 

Analyte 

Results MDL 

Flag CAS Number ng/m³ Air ng/m³ Air 
Antimony D 7440-36-0 0.006 1.83 
Arsenic D 7440-38-2 0.010 0.958 
Beryllium D 7440-41-7 0.012 0.067 
Cadmium D 7440-43-9 0.008 0.263 
Chromium D 7440-47-3 0.178 2.74 
Cobalt D 7440-48-4 0.009 0.915 
Lead D, B 7439-92-1 0.107 3.90 
Manganese D 7439-96-5 0.021 34.1 
Mercury A-01, D, B 7439-97-6 0.024 0.140 
Nickel D 7440-02-0 0.110 3.04 
Selenium D 7782-49-2 0.024 0.613 

 
 

 
 

Authorized Signature(s) 
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CERTIFICATE OF ANALYSIS 

North Carolina State University 

AQS SITE CODE: 

SUBMITTED:  08/08/08  to 09/01/08  

FILE #: 

ATTN: 

REPORTED: 5136 Jordan Hall Room 5136 

3290.00.133.001 

Viney P. Aneja 

10/08/08 16:18 

Raleigh, NC 27695-8202 

PHONE:  (919) 515-7808 SITE CODE: PM-10 Filter Analysis 7-2008 FAX:  (919) 515-7802 

RPD %REC Source Spike 
PQL  Analyte Notes  Limit RPD Limits %REC Result Level Units Result 

Inorganics by Compendium Method IO-3.5 - Quality Control 
Batch B8H2805 - ICP-MS Extraction 

Prepared: 08/28/08  Analyzed: 09/10/08  Blank (B8H2805-BLK1) 
Antimony ng/m³ Air ND 0.006 U 
Arsenic ng/m³ Air ND 0.010 U 
Beryllium ng/m³ Air ND 0.012 U 
Cadmium ng/m³ Air ND 0.008 U 
Chromium ng/m³ Air ND 0.178 U 
Cobalt ng/m³ Air ND 0.009 U 
Lead ng/m³ Air ND 0.107 U 
Manganese ng/m³ Air ND 0.021 U 
Mercury ng/m³ Air ND 0.024 U 
Nickel ng/m³ Air ND 0.110 U 
Selenium ng/m³ Air ND 0.024 U 

Prepared: 08/28/08  Analyzed: 09/10/08  LCS (B8H2805-BS1) 
Antimony ng/m³ Air 4.23 0.006 4.50 75-125 94.0 
Arsenic ng/m³ Air 2.14 0.010 2.25 75-125 95.1 
Beryllium ng/m³ Air 2.26 0.012 2.25 75-125 100 
Cadmium ng/m³ Air 2.16 0.008 2.25 75-125 96.0 
Chromium ng/m³ Air 10.8 0.178 11.2 75-125 96.4 
Cobalt ng/m³ Air 2.22 0.009 2.25 75-125 98.7 
Lead ng/m³ Air 10.5 0.107 11.2 75-125 93.8 
Manganese ng/m³ Air 10.7 0.021 11.2 75-125 95.5 
Mercury ng/m³ Air 1.01 0.024 1.12 75-125 90.2 
Nickel ng/m³ Air 11.2 0.110 11.2 75-125 100 
Selenium ng/m³ Air 2.20 0.024 2.25 75-125 97.8 

Prepared: 08/28/08  Analyzed: 09/10/08  LCS Dup (B8H2805-BSD1) 
Antimony ng/m³ Air 4.24 0.006 4.50 20 75-125 94.2 0.236 
Arsenic ng/m³ Air 2.14 0.010 2.25 20 75-125 95.1 0.00 
Beryllium ng/m³ Air 2.27 0.012 2.25 20 75-125 101 0.442 
Cadmium ng/m³ Air 2.17 0.008 2.25 20 75-125 96.4 0.462 
Chromium ng/m³ Air 10.8 0.178 11.2 20 75-125 96.4 0.00 
Cobalt ng/m³ Air 2.20 0.009 2.25 20 75-125 97.8 0.905 
Lead ng/m³ Air 10.5 0.107 11.2 20 75-125 93.8 0.00 
Manganese ng/m³ Air 10.7 0.021 11.2 20 75-125 95.5 0.00 
Mercury ng/m³ Air 1.02 0.024 1.12 20 75-125 91.1 0.985 
Nickel ng/m³ Air 11.2 0.110 11.2 20 75-125 100 0.00 
Selenium ng/m³ Air 2.20 0.024 2.25 20 75-125 97.8 0.00 
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CERTIFICATE OF ANALYSIS 

North Carolina State University 

AQS SITE CODE: 

SUBMITTED:  08/08/08  to 09/01/08  

FILE #: 

ATTN: 

REPORTED: 5136 Jordan Hall Room 5136 

3290.00.133.001 

Viney P. Aneja 

10/08/08 16:18 

Raleigh, NC 27695-8202 

PHONE:  (919) 515-7808 SITE CODE: PM-10 Filter Analysis 7-2008 FAX:  (919) 515-7802 

RPD %REC Source Spike 
PQL  Analyte Notes  Limit RPD Limits %REC Result Level Units Result 

Inorganics by Compendium Method IO-3.5 - Quality Control 
Batch B8I1102 - ICP-MS Extraction 

Prepared: 09/11/08  Analyzed: 09/29/08  Blank (B8I1102-BLK1) 
Antimony ng/m³ Air ND 0.006 U 
Arsenic ng/m³ Air ND 0.010 U 
Beryllium ng/m³ Air ND 0.012 U 
Cadmium ng/m³ Air ND 0.008 U 
Chromium ng/m³ Air ND 0.178 U 
Cobalt ng/m³ Air ND 0.009 U 
Lead ng/m³ Air 0.518 0.107 
Manganese ng/m³ Air ND 0.021 U 
Mercury ng/m³ Air 0.161 0.024 
Nickel ng/m³ Air ND 0.110 U 
Selenium ng/m³ Air ND 0.024 U 

Prepared: 09/11/08  Analyzed: 09/29/08  LCS (B8I1102-BS1) 
Antimony ng/m³ Air 4.29 0.006 4.50 75-125 95.3 
Arsenic ng/m³ Air 2.11 0.010 2.25 75-125 93.8 
Beryllium ng/m³ Air 2.25 0.012 2.25 75-125 100 
Cadmium ng/m³ Air 2.17 0.008 2.25 75-125 96.4 
Chromium ng/m³ Air 10.7 0.178 11.2 75-125 95.5 
Cobalt ng/m³ Air 2.18 0.009 2.25 75-125 96.9 
Lead ng/m³ Air 11.2 0.107 11.2 B 75-125 100 
Manganese ng/m³ Air 10.6 0.021 11.2 75-125 94.6 
Mercury ng/m³ Air 1.01 0.024 1.12 A-01, B 75-125 90.2 
Nickel ng/m³ Air 11.0 0.110 11.2 75-125 98.2 
Selenium ng/m³ Air 2.22 0.024 2.25 75-125 98.7 

Prepared: 09/11/08  Analyzed: 09/29/08  LCS Dup (B8I1102-BSD1) 
Antimony ng/m³ Air 4.27 0.006 4.50 20 75-125 94.9 0.467 
Arsenic ng/m³ Air 2.12 0.010 2.25 20 75-125 94.2 0.473 
Beryllium ng/m³ Air 2.23 0.012 2.25 20 75-125 99.1 0.893 
Cadmium ng/m³ Air 2.16 0.008 2.25 20 75-125 96.0 0.462 
Chromium ng/m³ Air 10.7 0.178 11.2 20 75-125 95.5 0.00 
Cobalt ng/m³ Air 2.19 0.009 2.25 20 75-125 97.3 0.458 
Lead ng/m³ Air 11.3 0.107 11.2 20 B 75-125 101 0.889 
Manganese ng/m³ Air 10.6 0.021 11.2 20 75-125 94.6 0.00 
Mercury ng/m³ Air 1.00 0.024 1.12 20 A-01, B 75-125 89.3 0.995 
Nickel ng/m³ Air 11.0 0.110 11.2 20 75-125 98.2 0.00 
Selenium ng/m³ Air 2.23 0.024 2.25 20 75-125 99.1 0.449 
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CERTIFICATE OF ANALYSIS 

North Carolina State University 

AQS SITE CODE: 

SUBMITTED:  08/08/08  

FILE #: 

ATTN: 

REPORTED: 5136 Jordan Hall Room 5136 

3290.00.133.001 

Viney P. Aneja 

10/10/08 16:23 

Raleigh, NC 27695-8202 

PHONE:  (919) 515-7808 SITE CODE: PM-10 Filter Analysis 7-2008 FAX:  (919) 515-7802 

RPD %REC Source Spike 
PQL  Analyte Notes  Limit RPD Limits %REC Result Level Units Result 

Inorganics by Compendium Method IO-3.5 - Quality Control 
Batch B8H2805 - ICP-MS Extraction 

Prepared: 08/28/08  Analyzed: 09/10/08  Matrix Spike (B8H2805-MS1) Source: 8081323-01 
Antimony ng/m³ Air 6.95 0.006 4.29 4.11 75-125 66.2 
Arsenic ng/m³ Air 2.98 0.010 2.15 1.01 75-125 91.6 
Beryllium ng/m³ Air 1.97 0.012 2.15 0.013 75-125 91.0 
Cadmium ng/m³ Air 2.08 0.008 2.15 0.173 75-125 88.7 
Chromium ng/m³ Air 12.9 0.178 10.7 3.19 75-125 90.7 
Cobalt ng/m³ Air 2.31 0.009 2.15 0.336 75-125 91.8 
Lead ng/m³ Air 19.4 0.107 10.7 10.9 75-125 79.4 
Manganese ng/m³ Air 22.5 0.021 10.7 12.4 75-125 94.4 
Mercury ng/m³ Air 0.685 0.024 1.07 0.066 75-125 57.9 
Nickel ng/m³ Air 10.9 0.110 10.7 0.803 75-125 94.4 
Selenium ng/m³ Air 8.77 0.024 2.15 6.52 75-125 105 

Prepared: 08/28/08  Analyzed: 09/10/08  Matrix Spike Dup (B8H2805-MSD1) Source: 8081323-01 
Antimony ng/m³ Air 6.81 0.006 4.29 4.11 20 75-125 62.9 2.03 
Arsenic ng/m³ Air 2.91 0.010 2.15 1.01 20 75-125 88.4 2.38 
Beryllium ng/m³ Air 1.94 0.012 2.15 0.013 20 75-125 89.6 1.53 
Cadmium ng/m³ Air 2.05 0.008 2.15 0.173 20 75-125 87.3 1.45 
Chromium ng/m³ Air 12.7 0.178 10.7 3.19 20 75-125 88.9 1.56 
Cobalt ng/m³ Air 2.29 0.009 2.15 0.336 20 75-125 90.9 0.870 
Lead ng/m³ Air 18.9 0.107 10.7 10.9 20 75-125 74.8 2.61 
Manganese ng/m³ Air 21.6 0.021 10.7 12.4 20 75-125 86.0 4.08 
Mercury ng/m³ Air 0.727 0.024 1.07 0.066 20 75-125 61.8 5.95 
Nickel ng/m³ Air 10.8 0.110 10.7 0.803 20 75-125 93.4 0.922 
Selenium ng/m³ Air 8.49 0.024 2.15 6.52 20 75-125 91.6 3.24 
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CERTIFICATE OF ANALYSIS 

North Carolina State University 

AQS SITE CODE: 

SUBMITTED:  09/01/08  

FILE #: 

ATTN: 

REPORTED: 5136 Jordan Hall Room 5136 

3290.00.133.001 

Viney P. Aneja 

10/10/08 10:56 

Raleigh, NC 27695-8202 

PHONE:  (919) 515-7808 SITE CODE: PM-10 Filter Analysis 7-2008 FAX:  (919) 515-7802 

RPD %REC Source Spike 
PQL  Analyte Notes  Limit RPD Limits %REC Result Level Units Result 

Inorganics by Compendium Method IO-3.5 - Quality Control 
Batch B8I1102 - ICP-MS Extraction 

Prepared: 09/11/08  Analyzed: 09/29/08  Matrix Spike (B8I1102-MS1) Source: 8082911-01 
Antimony ng/m³ Air 4.74 0.006 5.36 1.43 D 75-125 61.8 
Arsenic ng/m³ Air 2.88 0.010 2.68 0.543 D 75-125 87.2 
Beryllium ng/m³ Air 2.38 0.012 2.68 ND D 75-125 88.8 
Cadmium ng/m³ Air 2.63 0.008 2.68 0.342 D 75-125 85.4 
Chromium ng/m³ Air 14.1 0.178 13.4 2.33 D 75-125 87.8 
Cobalt ng/m³ Air 2.56 0.009 2.68 0.141 D 75-125 90.3 
Lead ng/m³ Air 19.3 0.107 13.4 7.79 D, B 75-125 85.9 
Manganese ng/m³ Air 17.3 0.021 13.4 5.41 D 75-125 88.7 
Mercury ng/m³ Air 1.03 0.024 1.34 0.378 A-01, D, B 75-125 48.7 
Nickel ng/m³ Air 14.0 0.110 13.4 1.91 D 75-125 90.2 
Selenium ng/m³ Air 2.51 0.024 2.68 0.176 D 75-125 87.1 

Prepared: 09/11/08  Analyzed: 09/29/08  Matrix Spike Dup (B8I1102-MSD1) Source: 8082911-01 
Antimony ng/m³ Air 4.74 0.006 5.36 1.43 20 D 75-125 61.8 0.00 
Arsenic ng/m³ Air 2.90 0.010 2.68 0.543 20 D 75-125 87.9 0.692 
Beryllium ng/m³ Air 2.41 0.012 2.68 ND 20 D 75-125 89.9 1.25 
Cadmium ng/m³ Air 2.63 0.008 2.68 0.342 20 D 75-125 85.4 0.00 
Chromium ng/m³ Air 14.0 0.178 13.4 2.33 20 D 75-125 87.1 0.712 
Cobalt ng/m³ Air 2.57 0.009 2.68 0.141 20 D 75-125 90.6 0.390 
Lead ng/m³ Air 19.3 0.107 13.4 7.79 20 D, B 75-125 85.9 0.00 
Manganese ng/m³ Air 17.2 0.021 13.4 5.41 20 D 75-125 88.0 0.580 
Mercury ng/m³ Air 1.02 0.024 1.34 0.378 20 A-01, D, B 75-125 47.9 0.976 
Nickel ng/m³ Air 14.0 0.110 13.4 1.91 20 D 75-125 90.2 0.00 
Selenium ng/m³ Air 2.53 0.024 2.68 0.176 20 D 75-125 87.8 0.794 
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CERTIFICATE OF ANALYSIS 

North Carolina State University 

AQS SITE CODE: 

SUBMITTED:  09/01/08  

FILE #: 

ATTN: 

REPORTED: 5136 Jordan Hall Room 5136 

3290.00.133.001 

Viney P. Aneja 

10/10/08 10:56 

Raleigh, NC 27695-8202 

PHONE:  (919) 515-7808 SITE CODE: PM-10 Filter Analysis 7-2008 FAX:  (919) 515-7802 

Notes and Definitions  
U Under Detection Limit 
D Data reported from a dilution 
B Analyte is found in the associated blank as well as in the sample (CLP B-flag). 
A-01 Method Blank Subtracted 

Relative Percent Difference RPD 
Not Reported NR 
Analyte NOT DETECTED at or above the Method Detection Limit (MDL) ND 

MDL Method Detection Limit 

Page 21 of 22 




