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Health Research Workgroup Goals
During a teleconference prior to the workshop (on 5/30/2001), the Health Research workgroup established the following goals for the Fires/Smoke/Health Workshop:

1) Determine existing research needs with input from the Public Advisory and Public Outreach Workgroups. 

2) Outline several study designs that address existing research needs and develop collaborative plans to produce formal research protocols.    

3) Collaborate with the Smoke-Monitoring workgroup to determine the “predictability” of smoke exposure scenarios that are most amenable to each study’s implementation. 

4) Determine the areas in which workgroup participants can develop a standardized set of study instrumentation for future use by collaborating agencies. 

5) Prepare a “wish list” of resources necessary to complete suggested studies in a timely manner.
Workgroup Goal #1: Determine research needs with input from the Public Advisory and Public Outreach Working Groups.

  A panel discussion led by Health Advisory, Public Outreach, Smoke-Monitoring and Health Research workgroup leaders on the morning of 6/5/2001 outlined key issues and topics to be addressed by each of the workgroups. Following this discussion, the Health Research workgroup jointly identified three areas of existing research needs based on input from other workgroup leaders:


a) Health Effects Assessment:  To date, epidemiologic investigations have suggested that increases in irritative symptoms, self-reported respiratory problems, emergency department visits for asthma and chronic obstructive pulmonary disease (COPD), and hospitalizations for asthma, COPD and Ischemic Heart Disease (IHD) can be observed in communities exposed to elevated levels of particulate matter from forest fires.  Less is known about the effects of burning biomass on 1) all-cause mortality, 2) very short-term health effects in susceptible populations, 3) the dose-response relationship at short-term scale, 4) longer term health effects, or 5) the biologic mechanisms by which health effects occur.  Communications with the Health Advisory workgroup suggested that an assessment of short-term health effects associated with one-hour increases in local PM2.5 concentrations would provide a much-needed scientific basis for the establishment of one-hour public alert levels.

b) Exposure Assessment: To date, exposure assessment in health effects investigations of forest fires has been based on observed particulate concentrations at a centrally located site in larger communities, questionnaire survey of ambient exposures, and the geographic proximity of area-of-residence to smoke plumes from fires.  While in some instances these indicators of exposure have been positively associated with adverse health outcomes, there might be misclassification of exposures due to the lack of exposure characterization.  There was consensus that short-term (peak) exposures of community residents needs to be quantified.  Nephelometers and data-logging CO monitors were favored as instruments to provide continuous estimates of PM exposure in a facile and economic manner.  However, it was highlighted that the composition of woodsmoke changes according to the nature of the wildfire (eg flaming, smouldering etc), and the health effects of woodsmoke may be expected to vary with the smoke composition.  This caveat should be borne in mind when using surrogate measurements of PM exposure, and where practical particulate and semivolatile samples should be collected for chemical speciation of specific organic and inorganic compounds.

A validated biological marker of biomass smoke exposure would further facilitate future exposure and health effects investigations, and could be used to evaluate intervention measures.  The validation of a biomarker will require well-characterized measures of individual exposures that can be used as a “gold standard” for comparative purposes.  Biomarkers of health effect, including measures of inflammation (e.g. NO, CO, protein and F2-isoprostane markers in exhaled breath condensate) should also be evaluated in future exposure and health effects investigations.

c) Fire Fighters’ Off-Site Exposures:  Representatives of the USDA Forest Service noted the need for an assessment of off-shift smoke exposures among fire fighters. Smoke exposures in fire camps have not been adequately assessed, but may be considerable, as fire fighters and support personnel spend large amounts of off-shift time in fire camp settings.

d) Intervention Evaluation: Few rigorous evaluations of the effectiveness ofexposure mitigation measures have been conducted. Communications with the Public Outreach Workgroup indicated that this is an area where a stronger science base is needed in order for state and local personnel to make recommendations to affected communities.  There is some evidence that HEPA air cleaners can reduce indoor particulate concentrations and self-reported health effects. However to the extent possible, randomized trials of air cleaners, facemasks, and other interventions remain necessary. For logistical resons, trials to assess the effectiveness of specific interventions in reducing personal exposure may need to be conducted independently of any health effects assessments.

Workgroup Goal #2: Outline several study designs that address existing research needs and develop collaborative plans to produce formal research protocols.

 
Following a consensus agreement on existing research needs, the Health Research workgroup divided into three subgroups (Health Effects Research, Exposure Assessment Research, and Intervention Evaluation Research) in order to systematically outline study designs that would address existing needs.  For each study design that was proposed, the subgroups were to outline study objectives, logistical difficulties in study implementation, current resources available for use, and a “wish list” of needed resources. 

The following studies were elaborated in detail:

(a)  Community-based panel study assessing health effects associated with short term exposures to PM:  Considerable time was spent outlining a study design that would evaluate health effects associated with short-term (one hour or less) increases in particulate matter levels.  The group produced a study design that would recruit adults with physician-diagnosed asthma in several (3-6) towns with the highest possibility of adverse affect from forest fire smoke in Idaho, western Montana, Oregon, eastern Washington, and northern California. When a substantial fire breaks near a population center, the group would consult with local forest service air experts and examine the fire hazard indices for indications of a large fire that may last for at least one week.  When a high potential for prolonged smoke exposure is indicated, subject recruiting would start immediately and an exposure/health monitoring team would depart for the field to begin study implementation. Up to 6 subjects per week would be recruited for the study.  Each study participant would wear one continuous monitor (MIE Personal DataRAM, pDR) to measure PM and one Ogawa passive sampler to measure nitrogen dioxide and sulfur dioxide over a period of five consecutive days.  Urine samples will be collected every morning and evening for determination of biomarkers of woodsmoke exposure (methoxyphenols).  Additional air monitoring devices for PM1 (Radiance nephelometer), CO (Langan monitor), CO2 (TelAire), SO2 and NO2 (Ogawa sampler), temperature (Onset data logger), and relative humidity (Onset data logger) would be placed in the participants’ homes.  A comprehensive monitoring site would be established within the community to monitor real-time PM2.5 (using TEOM), semivolatile organics, elemental carbon and organic carbon in particle phase, and wood smoke compounds in both the gas and particle phases.  Information on time-activities, symptoms and medications would be recorded in questionnaires.  Spirometry measurements of pulmonary function would be taken every morning and evening.  Once implemented, findings from this study would provide a valuable scientific basis upon which to set short-term public alert levels.  Concerns were raised regarding logistics for study implementation and mobilization of a considerable amount of monitoring equipment.  However, the UW exposure-monitoring group is well situated and equipped from their experience in the past two years of conducting PM panel studies in the Seattle metropolitan area to monitor up to 36 subjects in 3 towns during this forest fire season.

Product:  Following the conclusion of the fire/smoke/health workshop, faculty at the University of Washington completed a revised study design, monitoring plan, and protocols for the evaluation of very short-term exposures to and health effects of particulate matter from forest fire smoke (including all appropriate consent forms and questionnaires).  The study plan has been distributed to the health research working group.  The exposure and health effect protocols have been submitted to the UW IRB and approved (6/28/2001). The completed protocols will be placed on the fire/smoke/health workshop web site.

b) Evaluation of a urinary biomarker of woodsmoke exposure in USDA Forest Service fire fighters:  The exposure assessment workgroup devoted considerable time to discussing possible study designs to validate a biological marker of personal exposure.  Although there was difficulty in reaching a consensus on an appropriate target population for study implementation, the group produced a study design to measure urinary concentrations of methoxyphenol and PAH metabolites in USDA Forest Service workers who will be exposed and unexposed to forest fire smoke.  Forest Service workers may not be representative of broader community populations; however their exposure to smoke is often extreme, fairly predictable and amenable to timely and cost-effective study implementation.  In this study design, thirty exposed forest service workers would provide urine samples before and after wildland fire fighting activities. These participants would again provide urine samples five days following last reported smoke exposure. Concurrent samples would also be collected from a “control” group of Forest Service workers who are not engaged in fire-fighting activities and who work in a region of the same state where no increases in ambient PM2.5 concentrations from forest fire smoke have been observed.  Following a methodology outlined by Reinhardt and Ottmar (USDA, 2000), study participants would also wear DraegerTM portable carbon monoxide dataloggers throughout their workshifts as an indicator of personal smoke exposure.  Ten participants would also wear MIETM pDR1200 and HPEM impactors to measure continuous and integrated PM2.5 concentrations in their breathing zone (These external exposure monitors would need to be purchased or rented from appropriate vendors).


This study design would not only compare urinary biomarker concentrations dichotomously between exposed and unexposed groups, but would provide an indication of the continuous association between personal smoke exposure and urinary biomarker concentrations within the exposed group.  Expected decreases in biomarker concentrations following smoke exposure cessation would also be documented.  Once validated, a biomarker of exposure could then be used to 1) more sensitively assess dose-response relations between smoke exposure and health effects, and 2) objectively validate interventions among those occupationally exposed to forest fire smoke.  In addition, after a biomarker has been demonstrated to be sensitive enough to detect occupational exposures to smoke, a second more intensive field validation could be conducted in a community setting where smoke exposures may be less extreme.

Product: Following the conclusion of the workshop, epidemiologists at the Centers for Disease Control and Prevention completed a protocol for the validation of a biomarker of exposure to forest fire smoke among USDA National Forest Service fire fighters (including all appropriate consent forms and questionnaires). This protocol is under internal review by collaborating investigators including those from the University of Washington, CDC and the USDA Forest Service. It will shortly be submitted for necessary IRB approvals and the finalized version will then be placed on the fire/smoke/health workshop web site.

c) Intervention Evaluation subgroup: During the discussions of the Intervention Evaluation subgroup, exposure reduction and medication were mentioned as two separate approaches to reducing adverse health effects in communities exposed to wildfire smoke. However most of the discussion in the subgroup was centered on the feasibility of designing studies to evaluate the effectiveness of HEPA air cleaners, facemasks, and evacuation during acute smoke episodes. Preliminary CDC investigations have provided some evidence to suggest the effectiveness of HEPA cleaners. Workgroup participants were also aware of literature that suggested that HEPA cleaners can reduce indoor levels of fine particulates to an acceptable level when outdoor concentrations are extreme. It was determined that it can be communicated to the public that HEPA cleaners with an appropriate Clean Air Delivery Rate may be helpful if evacuation is otherwise impossible. What was known of literature on mask use suggested that they are ineffective under conditions of typical use and probably should not be recommended to the general (non-occupationally-exposed) population during smoke emergencies.  However a more comprehensive literature review on both topics is warranted. 
  
The Intervention Evaluation subgroup could not reach consensus on how to implement a definitive randomized evaluation of HEPA cleaners as part of an emergency response to a wildfire outbreak. Under typical circumstances the air tightness of homes will be highly variable and difficult to measure--yet it could substantially impact on HEPA cleaner effectiveness. In addition, the demonstration that HEPA cleaners reduce indoor particulate levels may not be enough to formally recommend their use. This is in part because gas-phase components of smoke may also be capable of producing health effects, but will not be effectively filtered by HEPA cleaners. For this reason, a randomized trial of HEPA air cleaners would require an assessment of health effects as an endpoint. This would make it necessary to distribute one hundred working and one hundered “sham” HEPA cleaners in order to achieve sample sizes necessary for sufficient statistical power.
 
There was some discussion of a study design that included a double-blind randomized dissemination of three categories of HEPA cleaners. Participants would randomly be assigned a HEPA air cleaner that: a) included no filter (a sham HEPA cleaner), b) included “typical” HEPA filters (that filter particulate-phase material only), and, c) include charcoal filters (that filter particulate and gas-phase materials). The outcome measures in such a design would include in-home and outdoor air pollutant measures, as well as indicators of pulmonary function. However the stochastic nature of wildfire events would create major logistical difficulties in implementing such a design and it was unknown whether charcoal filters could be fitted to commonly used HEPA cleaners. The subgroup also noted that a lot of questions that such a study might address might best be answered by chamber studies where air filtration and smoke components are much more easily controlled. As such, the subgroup recommended the creation of a suitable human exposure chamber to conduct studies of this sort.   

The Intervention Evaluation subgroup did reach a consensus that a stronger scientific basis for recommending “voluntary clean air sanctuaries” (e.g. gymnasiums, schools, and shopping malls) is needed. This could perhaps be established during an acute air pollution episode by conducting extensive “clean room” monitoring in selected indoor and outdoor environments in an affected community. Such an assessment would have relatively few logistical barriers but could provide immediate and useful information to public health professionals responsible for health advisory communications.

Product: Plans to develop a protocol to evaluate voluntary clean room sanctuaries during an air pollution episode are underway at CDC. Upon completion, this protocol will be placed on the fire/smoke/health workshop web site. The Intervention Evaluation subgroup recommends the creation of a human exposure chamber suitable for conducting randomized trials of several interventions designed to reduce wood smoke exposures.

d) Fire Fighters’ Exposure: To assess fire camp exposures, three teams of two persons each could establish fixed-site CO and PM2.5 monitoring in a major fire camp (for Type 1 fire-fighters) during a project wildfire.  PM monitoring would include nephelometers to provide continuous PM data, and impactors to collect integrated particulate and semivolatile samples for chemical speciation.  With appropriate resources, such a design could also incorporate individual-level exposure assessments including personal continuous measures of PM, CO and CO2, integrated particulate and semivolatile samples collected from the breathing zone for organic speciation, and urine samples for analysis of methoxyphenol and PAH biomarkers.  The findings of this study would address whether additional protection for fire fighters is needed during off-shift hours.

Due to time constraints, the workgroup could only outline several other promising study designs in a cursory manner, including:

1) A panel study to assess cardiac affect in persons with coronary artery disease (holter monitoring for analyses of ST segment abnormalities, arrhythmias and heart-rate variability).

2) A retrospective assessment of the birth weight of children conceived or exposed in utero during forest fire smoke episodes.  This could include an assessment of birth outcome, as spontaneous abortion rates may also have increased.

3) A possible assessment of long term health effects of smoke exposure that makes use of a database of USDA Forest Service retirees

4) A questionnaire assessment on a larger population for short-term and more chronic health effects.


With time, the complete study protocols for these and other needed studies will also be added to the fire/smoke/health web site.

Product:  A final table outlining study objectives, proposed target populations, logistical difficulties and needed resources for the following study designs will be completed by the workgroup leaders and posted on the fire/smoke/health workshop web site by 7/31/2001: 

1) “Characterization of short-term PM exposures and health effects asthmatics during forest fires.”
 2) “Validation of a biomarker of exposure to forest fire smoke among USDA National Forest Service Fire Fighters.”
3) “Assessment of off-shift smoke exposures among fire-fighters at a project wildfire.” 
4) “Assessment of smoke concentrations in “voluntary clean rooms” during an acute air pollution episode.”

Goal# 3: Collaborate with the smoke-monitoring group to better determine the “predictability” of fire exposure scenarios that are most amenable to rapid study implementation.


During the subgroup discussions it was repeatedly mentioned that community smoke exposures from forest fires are often transient. As there is considerable expense associated with transportation of needed personnel and resources to the field in many of the outlined study designs, there was significant concern surrounding the potential for wasted expense associated with the rapid cessation of community exposures following study deployment. On the afternoon of 6/6/2001 the health research workgroup met with the smoke monitoring workgroup in an effort to outline criteria for when and where to deploy a team, and to discuss the “predictability” of exposure scenarios most amenable to study implementation.


It was discussed that local fire danger ratings by region of the country (e.g. fire potential “high”, “very high” or “extreme”) do not provide enough degree of certainty to be used as a basis for study deployment decisions.  However representatives of the USDA Forest Service noted that the National Interagency Fire Council website provides daily fire forecasts, and links to local fire forecasters for more timely information. Following the conference, University of Washington scientists prepared some preliminary selection criteria for initiating deployment of their study to assess very-short term health effects associated with smoke exposure in asthmatics. These criteria include:


1) Multiple fire starts in close proximity

2) Valley topography with atmospheric temperature inversion potential

3) The mobilization of Type I fire teams (that deal with more complex fires).

4) Documented increases in local PM 2.5 concentrations from a local central monitoring site.

5) Historical records of frequent haze and low visibility reported at local airports.

These are only preliminary criteria for study deployment, and such criteria are likely to change from study to study. However the need for ongoing collaboration and communication between CDC, the University of Washington, and the USDA Forest Service was highlighted during this meeting, and future study designs will be shared between representatives of these agencies. This will allow recently established communication lines to be used to rapidly identify fire types most suitable for deployment on a study-by-study basis.  

Goal# 4: Prepare Standardized Instrumentation for Use by Workgroup Members.

Given existing shortages of material resources such as personal monitoring equipment and laboratory facilities, it frequently remains necessary to pursue innovative collaborations between Federal agencies, State agencies and academic institutions in order to successfully execute study designs. As a result, the standardization of study instrumentation such as questionnaires, consent forms, and study protocols in a format acceptable to all collaborating partners will facilitate timely study implementation. Members of the Health Research workgroup agreed that questionnaires, consent forms and protocols for proposed collaborative projects would be completed following the workshop, and reviewed by representatives of each collaborating agency. Upon completion, and clearance by respective IRB boards, workgroup members would place this instrumentation on the fire/smoke/health web site for future use by other workgroup members. 

Standardized instrumentation produced as of 6/28/01: Since the conclusion of the fire/smoke/health workshop, the University of Washington has completed and updated all consent forms, questionnaires, and study protocols for implementation of the short-term health effects study among asthmatics (as described above). These have been approved by their internal review board and will be reviewed by collaborating partners.  They will shortly be placed on the workshop web site. Researchers at CDC have also completed all questionnaires, consent forms and study protocols for the biomarker validation study.  These are in a format acceptable to IRB boards at the University of Washington and CDC.  Following additional review by the USDA Forest Service representatives, this instrumentation will also be placed on the fire/smoke/health workshop web site.  Instrumentation developed for additional studies will be reviewed across these three collaborating institutions as it is completed.  Over time, a “library” of standardized tools for assessing exposure, health effects, and intervention effectiveness will be available to all workgroup members in the password-protected region of the workshop web site. 

Goal# 5: Prepare a “Wish List” of Needed Resources for Rapid Study Implementation.

Perhaps the most beneficial aspect of the recent workshop was the reinforcement of collaborative relationships between several Federal, State and academic institutions. This will permit the sharing of scarce material resources and will ultimately allow for the implementation of needed research studies that would otherwise have been impossible. However the procurement of needed materials specific to the needs of each study would reduce delays associated with shared resource acquisition, and greatly improve the likelihood that the previously outlined study designs can be implemented in a timely manner.  As a conclusion to this workshop outline, existing resource needs for several of the previously mentioned study designs are outlined in more detail below.

1) “Characterization of short-term PM exposures and health effects among asthmatics during forest fires.”
Needed Resources (not including existing U of Washington resources):


Cold storage locker rental for 30 days



--
$1,500

Compensation for study participation—36 participants

--
$5,400

Air Travel for four U of Washington technicians 

--
$3,000

Two Rental Cars (30 Days)




--
$3,200

Lodging and Per Diem for three technicians (30 days)

--
$12,000

One 20% FTE for follow-up communication and report writing --
$13,000

Sub-total








$38,100

U of Washington Overhead (52%)




$19,812

GRAND TOTAL







$57,912
2) “Validation of a biomarker of exposure to forest fire smoke among USDA 
     
National Forest Service Fire Fighters.”

Needed Resources:

30 DraegerTM Pac III Single Gas Monitors with CO Sensors
--
$33,840

2 Draeger calibration kits with gas, adapters and regulators
--
$700

Three Laptop Computers for Data Transfer


--
$4,500

15 MIETM pDR-1200 PM 2.5 Personal DataRAMS

--
$63,750

15 PM 2.5 Pump Units for DataRAM



--
$9,225

Compensation for study participation—60 participants

--
$6,750

Air Travel for four CDC investigators 



--
$4,000

One Rental Car (14 Days)




--
$800

Lodging and Per Diem for four CDC investigators (14 days)
--
$5,600

One 20% FTE for follow-up communication and report writing --
$13,000

Sub-total








$142,165

NCEH Overhead (25%)






$35,541

GRAND TOTAL







$177,706


3) “Assessment of smoke concentrations in “voluntary clean rooms” during 
  an acute air pollution episode.”

Needed Resources:

5 Met1TM 227B Laser Particle Counters



--
$20,000

5 GAS TEC GT402 Toxic Vapor Monitors


--
$20,000

Air Travel for one CDC investigator 



--
$1,000

One Rental Car (14 Days)




--
$800

Lodging and Per Diem for one CDC investigator (14 days)
--
$1,400

One 5% FTE for follow-up communication and report writing --
$3,250

Sub-total








$46,450

NCEH Overhead (25%)






$11,612

GRAND TOTAL







$58,062

4)
“Assessment of off-shift smoke exposures among fire-fighters at a project 
  
wildfire.”

Needed Resources:

4 GAS TEC GT402 Toxic Vapor Monitors


--
$16,000

One Laptop Computer for Data Transfer


--
$1,500

4 portable nephelometers





--
$20,000

Air Travel for four CDC investigators 



--
$4,000

One Rental Car (14 Days)




--
$800

Lodging and Per Diem for four CDC investigators (14 days)
--
$5,600

One 20% FTE for follow-up communication and report writing --
$13,000

Sub-total








$60,900

NCEH Overhead (25%)






$15,225

GRAND TOTAL







$76,125
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