Johns Hopkins Particulate Matter Research Center
Annual Center Progress Report

Period: October 1, 2005 to September 30, 2006

This Progress Report covers the first year of funding of the Johns Hopkins Particulate Matter Research Center.  The Center has the overall goal of identifying the characteristics of airborne particles that determine their toxicity and hence the risk posed to human health.  This goal corresponds largely to Topic 5 of the ten research issues advanced by the National Research Council’s Committee on Research Priorities for Airborne Particles. To accomplish this goal, the Johns Hopkins Center brings together a multi-disciplinary team with expertise in epidemiology, biostatistics, exposure assessment and air pollution monitoring, cell biology, and toxicology.  It includes three research projects: 1) Estimation of the Risk to Human Health of PM and PM Components; 2) Particulate Matter Characterization and Exposure Assessment; and 3) Toxicity of PM, along with supporting cores.  
During this first year of funding, administrative infrastructure needed for the Center has been put into place, the Scientific Advisory Committee has been appointed and held its first meeting, and the initial Quality Management Plan (QMP) has been developed and submitted to the Environmental Protection Agency for review and comment.  The members of the Scientific Advisory Committee cover the broad set of scientific disciplines relevant to the goals of the Center (see Table 1).  Each of the research projects has made substantial progress and two investigator retreats have been held to assure that the needed interdisciplinary interactions are taking place. 
 Separate reports follow for each of the projects.  In each section, we discuss 1) the research performed and results generated in this first year, and 2) challenges encountered in the research and proposed actions.
Research Project 1:  Estimation of the Risk to Human Health of PM and PM components
Francesca Dominici, Ph.D. , Principal Investigator
Objective of Research


This project involves analyses of large, national data bases following the model originally used by the National Morbidity, Mortality and Air Pollution Study (NMMAPS).  Mortality and hospitalization data are being analyzed to characterize variation at regional scales in the risks associated with PM exposure.  Additionally, the data from the new monitoring network providing information on PM2.5 and PM2.5 components are being explored as the basis for component-specific analyses.  In the first phase of the Center’s activities emphasis is placed on completing national analyses to characterize risks associated with PM2.5 in order to guide the selection of sampling locations for the second phase of the Center’s activities.  In that phase, particles will be collected and air pollution characterized in locations selected based on the estimated risk to health and with consideration of PM2.5 composition.
Progress Summary/Accomplishments


With regard to meeting the first phase objectives related to time-series analyses of the mortality and Medicare hospitalization data, the following have been accomplished: 
1) Updating of Medicare billing claims, weather and air pollution data sources to the year 2005; pursuing the obtaining of updated mortality data from the National Center for Health Statistics; 
2) Characterizing spatial and temporal variability of PM2.5, PM2.5 components, across the US. The manuscript entitled: Spatial and Temporal Variation in PM2.5 Chemical Composition in the United States for Health Effects Studies (2000-2005) led by Dr Bell is close to submission;

3) Applying statistical methods for multi-site time series studies for estimating short-term effects of PM2.5 on hospitalization from the National Medicare Cohort.  A manuscript entitled Fine Particulate Air Pollution and Hospital Admission for Cardiovascular and Respiratory Diseases”, led by Dr Dominici has been published in the Journal of the American Medical Association, March 8, 295:1127-1135.

4) Developing statistical methods for multi-site time series studies to investigate whether short-term effects of PM10 (and PM2.5) on mortality are varying over time. This work has been completed and a manuscript entitled An Update on the NMMAPS Associations Between Particulate Matter and Mortality (1987-2000): Toward a Methodology for Accountability, has been submitted to Epidemiology;

5) Developing several methodologies for estimating short-term effects of PM 2.5 chemical components.

6) Considering approaches for integrating information on PM risks to health, based on mortality and hospitalization, along with geographic variation in PM 2.5 characteristics, for the purpose of selecting locations for sampling in Project 2.

Work has continued on related analyses of longer-term associations of particulate air pollution with mortality.  These analyses are setting a foundation for the second phase of work in this project.  Specific analyses pursued are listed below:
1) Developing statistical methods for cohort studies for estimating whether long-term trends PM 2.5 levels are associated with long-term trends in mortality rates. The manuscript entitled: Trends in Particulate Matter and Mortality in 113 U.S.Counties, 2000-2002: Evidence on the Long Term Effects of Air Pollution, led by Dr. Holly Janes has been submitted to Epidemiology.

2) Carrying our cohort studies for estimating the long-term effects of PM2.5 on mortality, adjusted by spatial confounding. 
3) Carrying out replicate analyses of the findings of the American Cancer Society’s Cancer Prevention Study II (CPS II) and of the Six Cities Harvard Study by using the Medicare data for the same geographic areas.  This approach provides an opportunity to address the extent to which uncontrolled confounding at the individual level limits interpretation of mortality analyses that lack information on potential confounders at the individual level.  
Publications/Presentations
Bell M. Dominici F. Ebisu K. Zeger S.L. Samet J.M. “Spatial and Temporal Variation in PM2.5 Chemical Composition in the United States for Health Effects Studies (2000-2005)” To be submitted to Environmental Health Perspectives.
Dominici F, Peng R, Bell M, Pham L, McDermott A, Zeger SL. Samet J “Fine Particles Air Pollution and Hospital Admission for Cardiovascular and Respiratory Diseases” Journal of American Medical Association, 295,1127-1135 

Dominici F, Peng R, Zeger S, Samet J, White R “An Update on the NMMAPS Associations Between Particulate Matter and Mortality (1987-2000): Toward a Methodology for Accountability” Epidemiology (submitted). 
Janes H, Dominici F, Zeger S “Trends in Particulate Matter and Mortality in 113 U.S.Counties, 2000-2002: Evidence on the Long Term Effects of Air Pollution” Epidemiology (submitted).

Future Activities

Over the next six months, the first phase of analyses will be completed so that Project 2 can move forward with its sampling activities.  In particular, maps of risks associated with PM will developed for the United States and further overlaid with geographic variation in characteristics of PM 2.5.  We will then move forward with analyses directed at risks associated with PM 2.5 components.  
Research Project 2:  Particulate Matter Characterization and Exposure Assessment 

Patrick Breysse, Ph.D., Principal Investigator
Objective of Research

The focus of Project 2 is the measurement of specific chemical components and physical characteristics of PM from different areas of the country  in support of the Center focus, which is assessing characteristics of PM that determine toxicity.  The goals of Project 2 are to collect bulk PM samples for use in biological assays and for detailed characterization including mass, inorganic ions, elemental carbon and organic compounds, specifically polycyclic aromatic hydrocarbons , elemental metals and their oxides, and sulfur isotope ratios. We will also collect information on particle size.  The objectives of Project 2 include: 1) the development of  methods for collecting bulk ambient PM, and a system for characterizing the chemical and physical properties of ambient PM; 2) the identification of  specific regional differences in PM characteristics that may contribute to differential biological responses demonstrated by in vitro and in vivo bioassay systems; 3) the assessment of a relationship between human exposure to PM2.5 and biological response during a high PM2.5 exposure period and a low PM2.5 exposure periods.   The goals and objectives have remained unchanged over this time period.

 Progress Summary/Accomplishments
Over the last several months work to address Objective 1 has involved the identification and testing of two commercially available candidate cyclone systems for bulk PM collection.  The candidate cyclones include the HVS3 (SC3, Inc. Sandpoint, ID), and the Clear-Vue (Clear Vue Cyclones, Inc. Pickens SC).  The HVS3 has been used previously by the Division of Environmental Health Engineering for bulk PM sample collection. It has a theoretical lower cut size (at 50% aerodynamic diameter) of 0.8 μm at a collection rate 1,000 L/min. The Clear Vue was designed as an air cleaning device for small hobbyist wood shops. It has a theoretical lower cut size of 2.5 μm at a flow rate of 3,700 L/min. Verification of these sampling parameters and lower cut sizes has been conducted at the Aerosol Laboratory of the Edgewood Chemical and Biologic Center using fluorescence of a monodisperse aerosol. By generating a controlled aerosol of known particle size and concentration, we evaluated collection characteristics or each cyclone. The reference 100% fluorescence was determined by collecting the aerosol on a filter. The HVS3 cyclone showed 100% retention of the smallest particle size tested, 1.7 μm, whereas the Clear Vue cyclone showed only a 60% retention for 1.7 um particles. Testing continues and will include experiments with smaller particle sizes (1.0 μm and 0.5 μm).  The upper cut size will also be determined. We currently have tested up to 9.5 μm where we have found 100% collection efficiency. In addition to testing commercially available single stage cyclone systems, we have designed a sequential cyclone system for bulk PM collection in 3 discrete size fractions. This system includes 3 cyclones connected in series in order to collect particles >PM10, particles between PM10 and PM2.5, and particles between PM2.5 and a lower cut size near 0.5 μm.  Three machine shops have been approached to produce a prototype and we waiting for estimates from each shop for this job. 

A preliminary particle collection campaign using the single stage HVS3 cyclone was conducted in 2 bores of the Ft. McHenry tunnel, Baltimore MD.  The purposes of this campaign were to collect bulk PM with different source signature (i.e., one bore has traffic comprised of 2% trucks while the other bore has approximately 20% truck traffic) and begin to develop approaches to bulk PM characterization.  A range of measurements were part of this campaign including traffic counts, mass and number concentration, particles size distributions, and bulk PM collection. The bulk particles have been initially characterized for elements (Dr. Steven Chillrud - Lamont Doherty Earth Observatory Columbia University) CU is a subcontractor for Project 2 .  While total vehicle counts were higher in the bore carrying predominately cars (160873 vs 150170) mass concentration was 50% to 100% lower than in the bore enriched in heavy duty vehicles.  The elemental composition of the PM between the two bores did not differ significantly between bores, however.  Samples of bulk PM collected during this campaign were provided to Project 3 for methods development. 

Work to address Objective 2 has involved the renovation of an 8 ft x 24 ft. trailer, originally developed for particle characterization by the Baltimore Super Site (BSS- PI John Ondov, Ph.D.) that is currently located in Lake Clifton Park, Baltimore MD.  The trailer was damaged by arson on September 14, 2001. To prepare the trailer for re-use we have removed all damaged furniture and equipment; have had the interior and AC system cleaned by professional cleaners; and had the trailer inspected for roadworthiness.  The interior has been redesigned to accommodate the current suite of sampling equipment and builders have been contracted to perform the renovations.   

We have purchased the following equipment: a model 5020 sulfate particle analyzer, (Thermo Electron Corp. Franklin MA) to replace the analyzer used by UMD for the BSS that is no longer functional; a series 8500 Filter Dynamic Measurement System to interface with the Series 1400 TEOM. (Thermo Electron Corp. Franklin MA). This was recommended for use on the road as a more reliable and less costly method for filter-based particle sampling in place of the Partisol FRM Model 2000 which is owned by JHSPH.  


Work to address Objective 3 has involved the development of a protocol to collect and analyze exhaled breath condensates (EBC).  We have completed an extensive literature review of existing methods for collecting EBC and laboratory methods for analyzing the condensate. The literature indicates that there exists no standardized protocol for the collection of EBC, therefore we have begun work to establish a protocol that will meet the needs of our exposure assessment study.   For the collection of EBC we have purchased the RTube (Respiratory Research, Inc., Charlottesville, VA), which is the principal EBC collection system in the United States. The RTube is registered with the United States Food and Drug Administration as a Class I device. The procedure for collecting EBC involves breathing normally into the device for 10-15 minutes. Issues to be resolved include sample collection temperature, sample handing, storage temperature, limitations in storage timing, and determination of the likely sample collection volume.  We are refining the method described by Gallati and Pracht (J.Clin. Chem Clin. Biochem. 1985 23 453-460) for analysis of H2O2 in the condensate and are developing a protocol to identify metals in the condensate using  a method described by Mutti et al. (Chest 2006 129:1288-1297) as a guide.

Future Activities

During the next 6 months we will complete the characterization of the commercially available cyclones and begin bulk PM sample collection in Baltimore City at the School of Public Health. We will manufacture and test the prototype sequential cyclone system. We will complete the renovation of the trailer, and install all monitoring equipment, as well as establish the networking system for data management and storage. We will finalize the protocol for collection of EBC and the laboratory analysis of H2O2 and metals. We will begin to develop the algorithm for forecasting high and low PM days in conjunction with Project 1 and will continue to collect bulk PM for Project 3 method development.
Publications/Presentations

none

Project 3. Biologic Assessment of Toxicity of PM and PM Components

PI: Dr. Joe G. N. Garcia

Objective of Research 
Exposure to particulate matter (PM) is currently associated with development and exacerbation of various respiratory diseases such as lung cancer, COPD, and asthma. There is also substantial evidence linking PM to adverse cardiovascular effects, both in epidemiological and animal studies. Hallmarks of asthma include airflow obstruction, bronchial hyper-responsiveness, and airway remodeling. Recent studies suggest a strong association between acute exposure to PM and daily mortality, which was the strongest for respiratory and cardiovascular related hospital admissions and cause of death in susceptible individuals in the USA. The overall objective of this project is to address the toxicity of particle samples in animal models relevant to these epidemiological observations.  The specific objectives to be completed across the three phases of this Project are: 1.To characterize secretion of inflammatory cytokines/chemokines in human bronchial epithelial cells induced by PM; 2. To characterize airway inflammation in murine models of lung inflammation induced by bioavailable PMs; 3. To evaluate the role of ROS in PM-induced in vitro and in vivo airway inflammation and toxicity; 4. To explore the toxicity and patterns of response to PM in murine models of cardiovascular disease; 5. To link in vitro and in vivo gene expression patterns induced by PM with morbidity and mortality rates of the city where the sample was collected; 6. To link fluctuations in ambient bioavailable PM levels with relevant biomarkers (cytokines, epithelial/endothelial activation, peripheral blood mononuclear cell gene expression, exhaled breath condensates) in a panel of PM exposed human subjects; 7. To characterize signaling mechanisms of PM-induced secretion of inflammatory cytokines/chemokines and ROS burden in human bronchial epithelial cells.
Progress Summary/Accomplishments
A. Animal models: To investigate the cardiopulmonary effects of PM exposure murine models asthma and cardiomyopathy have been developed. The murine model of cardiomyopathy was induced by using transgenic mice with cardiac dominant negative form of CREB-(Ser-Ala) 133 transcription factor. CREB is an essential transcription factor for cardiac muscle function and this murine model induces: a) progressive ventricular failure, b) cardiac dilatation c) decrease systolic & diastolic pressures d) hypertrophy and interstitial fibrosis e) death caused by cardiac failure. Genotyping of 40 mice showed that 47.5% of the mice were transgenic (tg/+) for the CREB gene (light blue), and 52.5% contained the wild type genotype (yellow lines). The wild type and transgenic (tg/+) mice will be used for PM exposure studies to evaluate cardiopulmonary effects.  Regarding the ovalbumin challenged asthma model with AJ mice, the development of the model has been standardized and animals are currently evaluated for cardiovascular effects after exposure to PM. 

B. In vitro studies with primary cultures of human bronchial epithelial cells: To assess the biological toxicity of PM and PM components, in vitro studies on primary human bronchial epithelial cells (HBEpCs) grown submerged on plastic dishes (poorly differentiated) and cells cultured in an air-liquid interface (ALI) for 21 days in the presence of retinoic acid (highly differentiated, ciliated and mucin secreting cell) were used. 

a) Preparation of PM suspension for in vitro studies: A suspension of PM10 (1 mg/ml) in serum-free BEBM medium was prepared, sonicated in a bath type sonicator for 2min and the suspension was rotated in shaker for 60 min at RT. The PM suspension was either used directly or centrifuged at 2,000 x g for 10 min to obtain a pellet and a soluble fraction. The pellet was resuspended in serum free BEBM to give a final concentration of 1 mg/ml.  The submerged or ALI cells were exposed to the suspension solution containing the PM10 or the soluble fraction devoid of the particles or the resuspended pellet minus the soluble fraction for varying time periods or different concentrations of PM to assess cytotoxicity, total ROS and secretion of cytokines. 

b) Cytotoxicity assessments: Differentiated HBEpCs grown in ALI were exposed apically for 3, 15 and 24 h to 10, 50 and 100 µg/ml of PM 10 suspension (PM collected from Baltimore under Project 2) in a total volume of 0.5 ml on the apical side and 1ml on the basolateral side. Microscopic evaluation of the cells indicated no gross alterations in cellular morphology after exposure to different levels of PM 10 at 3 or 15 or 24h. The medium from apical and basolateral sides were analyzed for LDH release using a commercial kit. Treatment of cells with PM 10 (10, 25 and 50 µg/ml) for 3, 15 and 24 h, as compared to controls had no effect on release of LDH (a marker for cellular cytotoxicity).  

c) Secretion of cytokines and ROS by PM 10 in submerged cells: HBEpCs (~90% confluence) in submerged cultures released only small amounts of GM-CSF or IL-6 or IL-8 or IL-1β in a 24 h time period in the absence of added PM 10. Exposure of cells to PM 10 for 24 h released significant quantities of all the cytokines, which was dose-dependent. The order of secretion after exposure to PM 10 for 24 h was Il-8 > GM-CSF> IL-6 > IL-1β. In parallel experiments total ROS generated by control and PM treated cells was determined by DCFDA oxidation/immunofluorescence microscopy or hydrogen peroxide release using Amplex Red assay. Our preliminary results show that exposure of submerged HBEpCs to 100 µg of PM 10 enhanced total ROS production after 15, 30 and 60 min periods. At 60 min, ~3 fold increase in ROS production, as measured by DCFDA oxidation, compared to control cells was observed.

d) Secretion of cytokines and ROS by PM10 in ALI grown cells: In non-treated ALI cells, high levels of GM-CSF, IL-6, IL-8 and IL-1β were secreted into the apical side and very little in the basolateral side. Treatment of cells with PM10 (50 µg/ml) for 24 h significantly increased IL-6 secretion into the apical side (2 to 3 fold increase) with no release into the basolateral side.

e) Soluble vs. insoluble components of PM10 in ROS production:  Submerged HBEpCs were exposed to total PM suspension (100 µg/ml) or equivalent volume of soluble fraction or resuspended pellet fraction. Our preliminary results show that similar amounts of ROS are generated by the total PM suspension or soluble fraction or by resuspended pellet minus soluble components. 
Publications
1. Release of cytokines and reactive oxygen species by particulate matter in submerged and air-liquid interface human bronchial epithelial cells. (Manuscript in Preparation).

2. Effect of particulate matter on cardiopulmonary functions in a murine model of cardiac hypertrophy (Manuscript in Preparation).
Future Activities
Future studies will be directed to assess cardiac functions by non-invasive methods (echocardiography), heart rate variability and mortality in relationship to PM exposure (0.5 mg/mouse) for 10-12 weeks in the two murine models. Hearts will be collected for histopathologic findings and for Microarray analysis for looking at gene expression changes between PM-exposed,  CREB deficient mice, ovalbumin challenged mice and wild type controls. In vitro studies using submerged and ALI cultures will be assessed for various cytokines and ROS production with PM collected from different locations and during different times of the year (from Project 2). 

3. Absence or changes to key personnel or change goals/aims

The key personnel on all three Projects and Cores have remained the same since the original grant funding in October 2005, except for two changes.  On the CSA Core, Dr. Timothy Buckley has left Johns Hopkins University and Dr Alison Geyh (co-investigator of Project 2) is now the Project Director for that Core.  Dr. Geyh (CV included in original application) brings similar background and expertise to management of the Core. The second change is under Project 1.  Dr. Roger Peng was a post doc at the time of the grant funding, but has since been brought on as an Assistant Professor in the Department of Biostatistics. He will continue to be a co-investigator in Project 1.   The postdoctoral position on Project 1 is now being held by Dr. Holly Janes.

4. Expenditures/Financial Discussion – to be submitted at later date
5. Quality Assurance Requirements

The JHPMRC submitted their Quality Management Plan (QMP) in December 2005. It was reviewed and returned by EPA in April 2006.  Due to the feedback in the materials, the JHPMRC decided to hire a Quality Assurance consultant for short term work at this time to assist the Center is more fully developing their Center QMP.  Each Project is currently developing their QAPP; the consultant will assist the team as needed to more fully formulate the QAPP materials for each Project. The consultant will also be available, if desired, to do periodic audits for the Center based on their plan of action. The designated Quality Assurance Manager is currently reviewing the EPA training modules to gain current updates on EPA requirements and will continue to coordinate documentation and record keeping of the QMP and QAPP reports and materials, communicate audit scheduling and requirements, and assist in the general quality assurance training of the staff and investigators.

6. Future Activities – please see above under each Project
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