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Abstract

:

The purpose of this study was to utilize community-based participatory research (CBPR) methods to identify behaviors that may increase the exposure rates of firefighters to carcinogens and other occupational hazards. Key informant interviews and focus groups were conducted as part of a larger study that included exposure assessments at fire stations, in fire engines, and in personal vehicles. A purposive sample of five fire chiefs and leaders of the firefighter association was chosen, and these individuals were selected to participate in interviews. Unstructured interviews explored issues related to firefighter exposures and occupational hazards. Three focus groups were conducted over a three-month period. Following the focus groups, survey questions emphasizing the following three aspects of firefighting were developed: exposure to airborne smoke contaminants during fire suppression, accumulated exposure on turnout gear after fire suppression, and exposure to airborne contaminants at the fire departments. The use of community-based participatory research can be very beneficial, especially when conducting research with a group that may be hard to reach or have misgivings regarding researchers. By utilizing this approach in the current study, researchers were able to partner with a community that may be hard to reach and gain buy-in from community leadership.
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1. Research Approach


According to the National Fire Protection Association (NFPA), there were approximately 1,115,000 firefighters in the United States (U.S.) in 2018. Among U.S. firefighters, 370,000 (33%) were career firefighters, while 745,000 (67%) were volunteer firefighters. The majority of career firefighters (67%) work in jurisdictions that protect 25,000 or more people. Almost half (49%) of volunteer firefighters serve in departments that are rural and small, protecting fewer than 25,000 people. Of the 29,705 fire departments in the U.S., approximately 10% are made up of strictly career firefighters. Conversely, 19,122 (64%) are composed entirely of volunteer firefighters [1]. Departments protecting more than 25,000 people were more likely to be served by career firefighters (75–100%), while departments serving fewer than 25,000 people were more likely to be serviced by volunteer firefighters (49–97%). Additionally, departments serving less than 25,000 people were more likely to have younger firefighters under the age of 30, while departments serving fewer than 2500 people were more likely to have firefighters over the age of 50, compared to departments serving larger jurisdictions [1]. Of the 683 Kentucky fire stations registered through the U.S. Fire Administration, 76% are registered as volunteer only, 14% are registered as mostly volunteer, 4% are registered as mostly career, and 6% are registered as career only. Kentucky currently ranks 17th in the United States according to the percentage of volunteer fire departments, with 90.6% of all registered departments classified as all or mostly volunteer [2]. Among Kentucky’s approximately 21,000 firefighters, 17,000 are volunteers. According to the Kentucky Fire Commission’s report, there are currently 776 fire departments in the commonwealth, though some are not registered with the U.S. Fire Administration. Of the 776 departments, 621 are volunteer departments [3].



Increased exposures to asbestos, diesel particulates, polycyclic aromatic hydrocarbons (PAHs), volatile organic compounds (VOCs), and hydrogen cyanide (HCN) among firefighters places them at an increased risk of adverse health outcomes [4,5,6,7,8]. Research has shown that occupational exposures increase the risk of on-duty heart attack, cardiovascular disease, respiratory illness, and injury [5,6]. Firefighters’ exposure to a variety of toxic substances may lead to the development of certain cancers, such as myeloma and cancers of the esophagus, intestine, kidneys, colon, and lungs [4,5,6,7,8]. Findings from the National Institute for Occupational Safety and Health [6] studies have shown that firefighters have a greater prevalence of cancer diagnoses and cancer-related deaths than the general public. Improper decontamination and storage procedures result in the accumulation of carcinogens on firefighter turnout gear, including the helmet, hood, coat, pants, and boots. Additionally, transportation, including personal vehicles, may be contaminated while transporting gear to and from response events. Field observations indicate that volunteer firefighters regularly store turnout gears in their personal vehicles [9]. Toxic substances on the gear may then be transferred to the firefighters’ skin. Additionally, studies indicate that off-gassing from turnout gear leads to additional exposures to these substances, particularly VOCs and HCN, creating a toxic environment surrounding the place in which the turnout gear is stored [10].



In order to reduce firefighter exposures, three factors may be considered: (1) Where is the greatest magnitude of exposure? (2) What behaviors increase the risk of exposure? (3) What factors impact exposure? The goal of the overall study was to explore each of these factors. While there have been large scale studies conducted with career firefighters living in urban areas, there have been few studies conducted with volunteer firefighters, especially in rural areas. Reasons for the limited number of studies are that volunteer firefighters in rural areas have different full-time jobs, are more difficult to engage due to location, and may be less trusting of researchers due to rural culture [11,12]. Tanner et al. (2013) found that rural populations were less likely to take part in research compared to the general public [11]. Similarly, Miyamoto et al. found that recruiting rural participants for behavioral health interventions was challenging. However, participation was increased through the use of trusted site coordinators. This shows the importance of building a long-term collaborative relationship with rural populations that may be sustained over time as trust is built [12].



Community-based participatory research (CBPR) focuses on foundational trust and sustainability. Community-based participatory research involves including the public or a specified community in the exploration of an occupational health problem. CBPR may be defined as “a partnership approach to research that equitably involves community members, organizational representatives, and academic researchers in all aspects of the research process. It enables all partners to contribute their expertise, with shared responsibility and ownership; it enhances the understanding of a given phenomenon; and, it integrates the knowledge gained with action to improve the health and well-being of community members, such as through interventions and policy change” [13,14]. While implementing a CBPR framework, a partnership is formed between a research institution and the community—in this case, firefighters—to initiate, plan, and conduct research to address occupational safety and health issues [13,14,15,16,17]. This collaborative approach involves community members, organizational representatives, and researchers throughout the research process [14]. The use of community-based research allows all included individuals to contribute their unique strengths, as well as share responsibilities [14].



Israel et al. [14] identified the key factors and benefits of community-based research: (1) recognizing the community as a unit of identity, (2) building on strengths and resources within the community, (3) facilitating collaborative partnerships, (4) integrating knowledge and action for the mutual benefit of all individuals involved, (5) promoting a co-learning and empowering process, (6) involving a cyclical and iterative process, (7) addressing health from various perspectives, and (8) disseminating the knowledge and findings gained to all individuals involved [14]. The first principle of CBPR acknowledges that each community has an identity with shared norms, values, goals, and interests. Research partnerships attempt to enhance the sense of community through collaborative efforts. Building on community strengths and resources is another principle of CBPR. Through this framework, social networks, skills, and sociocultural structures, such as community and faith-based organizations, are utilized to synergize improvements in quality of life. At its core, CBPR is built on collaboration, and promotes the reciprocal transfer of increased capacity, skills, and knowledge [13]. These collaborations have the goal of providing mutual benefit for all participants, while attempting to identify and address community concerns.



The next principle of CBPR involves the equitable and collaborative partnerships that involve empowerment and power sharing. CBPR calls for the sharing of control over the process and calls for open communication. Researchers understand the potential for inequitable power in the research process, and make intentional efforts to share the resources, decision making, and information at each stage of the process. An additional principle of CBPR is the focus on long-term sustainability. Relationships and collaborations are the foundation of CBPR, and the expectation is that these partnerships last well beyond one research project, and instead lead to a sustainable relationship spanning many years. An ecological perspective is also applied to CBPR, as emphasis is placed on examining multiple determinants of health throughout the process. Finally, the last principle of CBPR includes the dissemination of research findings to the broader community, ensuring that all partners are aware of results and are able to use the knowledge to improve the health of the community [13,14].



Delisle et al. utilized the components of CBPR to implement a successful academic partnership with firefighters to promote physical activity and reduce cardiovascular disease [18]. Another study [19] examined the collaboration between public environmental health and the emergency preparedness and response team. Gamboa-Maldonado et al. found that “training in participatory methods is needed to protect knowledge and emergency management” while strengthening the community and more efficiently carrying out emergency response [19]. Based on these and other findings, CBPR was the chosen research approach for the research plan because firefighters are disproportionally affected by certain types of cancer, and there was a desire to develop a community collaboration that would address these health issues from various perspectives. Additionally, volunteer and rural firefighters have been shown to be more difficult to engage in research, as evidenced by the limited studies in the literature. This rationale was used to determine the need for a research approach that included substantial community involvement [13,14,15,16,17,18,19]. The conceptual model for the implementation of the CBPR approach to this research study is shown in Figure 1.



The purpose of this study was to utilize CBPR methods to identify behaviors that may increase firefighters’ exposure rates to carcinogens and other occupational hazards. The methodology allowed for the elicitation of information from firefighters to develop a survey instrument that may be disseminated to a larger population. This was achieved by developing a stakeholder group, contacting gatekeepers to act as key informants, conducting focus groups, and developing a quantitative survey instrument.




2. Activities


The academic institution and firefighter association described in this study have partnered for four years on research with the goal of developing a survey instrument to assess behaviors related to turnout gear. The information obtained through the assessment may lead to educational programs and policy initiatives in rural firefighter communities. An environmental and workplace health research center provided the infrastructure for academic units, government organizations, private industry, and the community to collaborate on efforts to improve the safety and health of workers. The center provided faculty with expertise in exposure science and qualitative data collection, and supported the administration of grant funding to carry out the project. Based on community identified needs and National Institutes for Occupational Safety and Health (NIOSH) priority research areas, a stakeholder group of firefighter community members, academic researchers, government officials, and firefighter organizational leaders was established to investigate and monitor the unique exposures of volunteer and career firefighters in a rural state. The goals of the CBPR approach include developing educational programs and policy implementation to reduce the exposure of firefighters to occupational hazards, specifically carcinogens (See Figure 1) [17].



This study was approved by the University’s Institutional Review Board (IRB code No.: 16-446). Informed consent was obtained from all firefighters prior to participation. Key informant interviews and focus groups were conducted as part of a larger study that included exposure assessments at fire stations [20], in fire engines, and in personal vehicles [21]. Researchers partnered with a rural firefighter association that included 70 independent fire stations, both volunteer and career, over an eight-county area in a rural state. One of the researchers had been working with the community for ten years, providing air quality expertise as a government official. The close relationship between this researcher and the community was paramount in gaining trust to move forward with the CBPR initiative.



This association includes 70 fire departments in eight counties in a rural location that represents 10% of the fire departments in the state A purposive sample of five fire chiefs and leaders of the firefighter association were selected to participate in interviews [22,23]. Brief, unstructured interviews explored issues related to firefighter exposures and occupational hazards. Based on these interviews, exposures at the fire scene and at the fire station, as well as other behaviors related to the use of Personal Protective Equipment (PPE) and turnout gear, were identified as areas needing further exploration by the CBPR group. These key areas were utilized in the development of a script for focus group discussions.



Next, three focus groups were conducted over a three-month period. Eight members that were firefighter leaders attended each of the first two focus groups from the fire departments in the firefighter association. The goals of the research and the procedures for the discussion were explained by the facilitator prior to the start of the focus group. The discussion focused on exposure to air contaminants when fighting fires. The topics discussed were as follows: the benefits of being a firefighter, the major barriers of performing the duties of a firefighter, barriers to fire suppression, barriers to working in the fire station, barriers to cleaning and properly maintaining turnout gear, ways to reduce exposure to air contaminants while on the job, ways to reduce smoke contamination when suppressing a fire, ways to reduce air contamination while at the station, ways to reduce the accumulation of contaminants on turnout gear, major concerns about job duties during fire suppression, procedures for monitoring and measuring the exposures in the air, routines related to turnout gear, the storage of gear, the cleaning of gear, potential procedural changes related to the storage and cleaning of gear, additional concerns regarding air contaminates and occupational exposures during fire suppression and at the fire station, and additional comments or concerns regarding accumulated contaminants on turnout gear and the maintenance of one’s gear. Additional information, including gender, years of experience, main job tasks, etc., was collected (see Supplemental Materials). Focus groups are particularly useful when existing knowledge of a subject is inadequate and the subject under investigation is complex [24,25]. As compensation for their time and effort, a meal and a USD 25 gift card were provided to all focus group participants. Each meeting was approximately 90 min. The discussions in all focus group sessions were strictly confidential, and no personal information was collected. The information obtained from focus groups was recorded with permission by a scribe. Each de-identified transcript was coded into themes by the research group to develop an initial list of topics related to exposures. These themes were then used to develop a quantitative instrument aimed at gaining insight into firefighter behaviors and exposure risks [22].



Based on information obtained from the facilitated focus groups, a survey instrument was developed that focused on three aspects of firefighting: exposure to airborne smoke contaminants during fire suppression, accumulated exposure on turnout gear after fire suppression, and exposure to airborne contaminants at the fire department. After the survey was developed, an additional focus group was held where the same leaders were interviewed to provide feedback and face validity for the first version of the survey instrument. This discussion was focused on survey instrument design, logistical issues, such as the administration of the survey, and the survey instrument distribution on the survey day. Following the second meeting with the fire leadership, the respective firefighter leaders in the first discussions sent an invitation email to the firefighters of their local districts. Eleven voluntary participants were randomly selected from the respondents. In this group discussion, the revised survey instrument was discussed to solicit the participants’ feedback on fire smoke and occupational exposures. The participants held frontline jobs, such as firefighters and instructors. Thus, the discussion was intended to obtain the firefighters’ perceptions of the exposures they encountered, the obstacles they faced, and the support they received on the job. After this interview, the third version of the survey instrument was finalized for distribution to the firefighter cohort group.



Following a thematic analysis of the focus groups, areas of concern were determined to be air borne exposure at the fire scene, the accumulation of contaminants on turnout gear, and airborne exposures at the fire station. Primary concerns were the increased rates of cancer among the firefighter population and the potential impact of occupational exposures on health. Based on these findings, survey questions emphasizing the following three aspects of firefighting were developed: exposure to airborne smoke contaminants during fire suppression, accumulated exposure on turnout gear after fire suppression, and exposure to airborne contaminants at the fire departments. Since research [4,5,6,7,8] indicates that increased occupational exposures among firefighters lead to an increased risk for multiple cancers, and because the firefighters indicated that cancer was the major concern during the focus groups, the researchers focused on cancer as the primary adverse health outcome in the survey instrument. Following the development of the survey, the participants from focus groups were reconvened to review the survey instrument. During the focused discussion, participants provided feedback to increase the face validity of the original instrument. This discussion focused on the content and clarity of the survey instrument, logistics, such as the mode of administration of the survey, and potential distribution channels for the survey. The findings of these discussions led to minor changes in the terminology used in survey questions, the change to a fully pen-and-paper survey as opposed to the planned online survey, and the addition of questions related to the perception of health risks due to job-related exposures.



After feedback was obtained, the original survey instrument was revised based on participant comments. The revised survey was then distributed to participants in an additional group for review. Gatekeepers in the firefighter association sent an invitation e-mail to the firefighters in the association. Eleven volunteer participants were randomly selected from the respondents. During this group, the revised survey instrument was discussed to solicit the participants’ feedback regarding fire smoke and occupational exposures. The participants held frontline jobs, such as firefighters and instructors. Thus, the discussion aimed to obtain the firefighters’ perceptions of the exposures they encountered, the obstacles they faced, and the support they received on the job. After this interview, the third version of the survey instrument was finalized for distribution for a pilot test. Due to the majority of both the leadership and frontline firefighters raising concerns about the health risks associated with job-related exposures, additional questions based on the health belief model were added to the final version of the survey. These questions operationalized the constructs of self-efficacy, cues to action, perceived threat (perceived severity and perceived susceptibility), perceived benefits, and perceived barriers to the proper cleaning, storage, and maintenance of turnout gear.



Based on the information obtained from the second and third survey reviews, a 46-item questionnaire was developed. The questionnaire will collect information on demographics, exposures at the fire station, fire scene related exposures, and behaviors related to the use of PPE. The information gathered from this survey will be utilized to develop an educational program and inform policy related to PPE use and storage, and the replacement of turnout gear, to reduce exposures among volunteer, rural firefighters.




3. Conclusions


Issues of exposure to airborne smoke contaminants during fire suppression, accumulated exposure on turnout gear after fire suppression, and exposure to airborne contaminants at the fire departments were explored during the academic–community health partnership meetings. Firefighter participants in the study were most concerned about cancer. This finding is consistent with other studies, which have identified that the primary health concern among firefighter is the development of cancer [26]. By utilizing the CBPR approach, a survey was developed to further explore behaviors that are relevant to increased exposures, written with terminology that firefighters utilize. Additionally, the partnership allowed firefighters to be accessible and involved in each step of the process [21].



The strength of this project was that it led to community engagement and empowerment. Through participation in the academic–community partnership, community members became more likely to seek information and engage in problem solving to change the identified areas of exposures related to behavior change. The academic institution become infused into the firefighter activities, including having an agenda item in the regional firefighter association bi-monthly and annual meetings to not only provide research updates, but also hear first-hand information about research issues that matter to the rural firefighters. It was also anecdotally shown that the study increased the awareness of behaviors leading to increased exposure and knowledge of how to reduce exposures, especially among the fire chiefs and administrators. This study was part of a larger research collaboration between an academic institution and a regional firefighter organization. The larger project applies the principles of CBPR in the following ways: the project recognizes firefighters as a community with their own set of knowledge, values, and skills; the collaboration builds on the strengths of infrastructure, loyalty, and procedural expertise; the project facilitates collaboration by fostering relationships among firefighters, researchers, and the larger first-responder community; there is the transfer of knowledge that is mutually beneficial for all, as firefighters have helped with the development of survey instruments and training, and the researchers have helped to identify ways to reduce exposures to firefighters; all participants are empowered as skill and capacity building is taking place to help improve the health of the community; the process is on-going, as the collaboration started over four years ago, and the project has expanded to address other challenges, such as COVID-19 exposures; the partnership examines multiple determinants of health from the intrapersonal and interpersonal levels to the policy level; information is consistently shared among the group through individual channels and personal communication to professional presentations at yearly fire schools.



The challenges of conducting CBPR may include preconceived stereotypes of both the researchers and community members [25], though this did not seem to be a barrier during the key informant interviews. It is possible that participants were guarded about what they chose to share during the focus groups; however, this was not disclosed at any point. Participant misgivings and stereotyping were potential issues when developing the survey, as rural firefighters were less likely to want to participate in the validation of the survey. Additionally, rural Americans are more likely to be poor, uninsured, obese, and use tobacco. Rural Americans are also less likely to have access to healthcare, with only 9% of physicians in the United States practicing in rural settings [27,28]. The combination of increased exposures, the increased likelihood of comorbidities, and reduced access to healthcare could all lead to poorer outcomes for rural firefighters. This further shows the need for partnerships where all parties are equally represented at each stage of research, from problem identification to decision making and policy change.




4. Implications/Recommendations


The use of CBPR methods can be very beneficial, especially when conducting research with a group that may be hard to reach or less receptive to participating in research. Unique barriers have been identified to recruiting participants in rural areas, such as culture, knowledge, and attitudes [27]. CBPR methods are useful when little is known about the topic of inquiry, in this case, exposure to hazards associated with rural firefighters and, specifically, volunteer firefighters working in rural areas. Studies have shown that rural communities are more likely to take part in research if they feel that it is relevant to their needs, there is two-way communication, and they are empowered [29]. By utilizing this approach in the current study, researchers were able to partner with a community that may be hard to reach, and gain buy-in from community leadership through a multi-year, multi-project approach. By working with gatekeepers and leaders, researchers were able to access all membership levels within the firefighter community, from leadership to part-time volunteers. This access provided information regarding the exposures volunteer firefighters may have while on the job, and how certain behaviors may lead to additional exposures after leaving the fire scene.



The information gained through this CBPR project is invaluable for the development of interventions to educate firefighters about behaviors that may place them, and their families, at increased risk of illness and disease, as well as inform policy to reduce exposures. Additionally, this work can serve as a guide to other researchers aiming to engage communities in rural locations. By applying the components of CBPR, building rapport, and establishing mutually beneficial relationships, meaningful collaborations between academic institutions and rural populations may be successful.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/ijerph19042009/s1.





Author Contributions


Conceptualization, J.H., G.M., R.T., C.C. and V.G.; methodology, G.M., J.H., V.G. and R.T.; software, G.M.; validation, J.H., R.T., V.G. and C.C.; formal analysis, R.T., G.M. and J.H.; investigation, R.T., J.H. and V.G.; resources, J.H., E.S. and R.T.; data curation, R.T., J.H. and G.M.; writing—original draft preparation, R.T., G.M. and J.H.; writing—review and editing, R.T., G.M., J.H.,V.G., E.S. and C.C.; visualization, J.H., R.T., G.M. and V.G.; supervision, R.T., J.H. and C.C.; project administration, J.H., R.T., E.S. and C.C.; funding acquisition, J.H., R.T., C.C. and V.G. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Western Kentucky University College of Health and Human Services Quick Turn Around Grant (QTAG) Program, and the University of Cincinnati, CDC/NIOSH Education and Research Center, Pilot Research Project Grant Program. J.H. is supported by the CDC/NIOSH K01OH011891.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Institutional Review Board of Western Kentucky University (IRB code No.: 16-446).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data are available upon request.




Acknowledgments


The authors would like to thank the Green River Firefighters Association for their collaboration in the study, and the graduate students in the Department of Public Heath for their assistance with data collection.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Evarts, B.; Stein, G.P. U.S. Fire Department Profile—2018; National Fire Protection Association: Quincy, MA, USA, 2020; Available online: https://www.nfpa.org/-/media/Files/News-and-Research/Fire-statistics-and-reports/Emergency-responders/osfdprofile.pdf (accessed on 15 November 2021).

	



National Fire Department Registry Summary 2021; U.S. Fire Administration: Washington, DC, USA, 2021. Available online: https://www.usfa.fema.gov/downloads/pdf/registry-summary-2021.pdf (accessed on 15 November 2021).

	



Kentucky Fire Commission Annual Report 2021; Kentucky Fire Commission: Paris, KY, USA, 2021. Available online: https://kyfirecommission.kctcs.edu/about/annual_reports/FY2021%20Annual%20Report%20Flattened.pdf (accessed on 5 December 2021).

	



Daniels, R.D.; Kubale, T.L.; Yiin, J.H.; Dahm, M.M.; Hales, T.R.; Baris, D.; Zahm, S.H.; Beaumont, J.J.; Waters, K.M.; Pinkerton, L.E. Mortality and cancer incidence in a pooled cohort of US firefighters from San Francisco, Chicago, and Philadelphia (1950–2009). Occup. Environ. Med. 2014, 71, 388–397. [Google Scholar] [CrossRef] [PubMed]

	



Pinkerton, L.; Bertke, S.J.; Yiin, J.; Dahm, M.; Kubale, T.; Hales, T.; Purdue, M.; Beaumont, J.J.; Daniels, R. Mortality in a cohort of US firefighters from San Francisco, Chicago and Philadelphia: An update. Occup. Environ. Med. 2020, 77, 84–93. [Google Scholar] [CrossRef] [PubMed]

	



Daniels, R.D.; Bertke, S.; Dahm, M.M.; Yiin, J.H.; Kubale, T.L.; Hales, T.R.; Baris, D.; Zahm, S.H.; Beaumont, J.J.; Water, K.M.; et al. Exposure–response relationships for select cancer and non-cancer health outcomes in a cohort of US firefighters from San Francisco, Chicago and Philadelphia (1950–2009). Occup. Environ. Med. 2015, 72, 699–706. [Google Scholar] [CrossRef] [PubMed]

	



LeMasters, G.K.; Genaidy, A.M.; Succop, P.; Deddens, J.; Sobeih, T.; Barriera-Viruet, H.; Dunning, K.; Lockey, J. Cancer Risk Among Firefighters: A Review and Meta-analysis of 32 Studies. J. Occup. Environ. Med. 2006, 48, 1189–1202. [Google Scholar] [CrossRef]

	



Youakim, S. Risk of Cancer among Firefighters: A Quantitative Review of Selected Malignancies. Arch. Environ. Occup. Health 2006, 61, 223–231. [Google Scholar] [CrossRef]

	



Hwang, J.; Taylor, R.; Cann, C.; Norris, P.; Golla, V. Evaluation of Accumulated Polycyclic Aromatic Hydrocarbons and Asbestiform Fibers on Firefighter Vehicles: Pilot Study. Fire Technol. 2019, 55, 2195–2213. [Google Scholar] [CrossRef]

	



Fent, K.W.; Alexander, B.; Roberts, J.; Robertson, S.; Toennis, C.; Sammons, D.; Bertke, S.; Kerber, S.; Smith, D.; Horn, G. Contamination of firefighter personal protective equipment and skin and the effectiveness of decontamination procedures. J. Occup. Environ. Hyg. 2017, 14, 801–814. [Google Scholar] [CrossRef]

	



Tanner, A.; Kim, S.H.; Freidman, D.B.; Foster, C.; Bergeron, C.D. Barriers to medical research participation as perceived by clinical trial investigators: Communicating with rural and African American communities. J. Health Commun. 2015, 20, 88–96. [Google Scholar] [CrossRef]

	



Miyamoto, S.; Henderson, S.; Young, H.M.; Ward, D.; Santillan, V. Recruiting rural participants for a telehealth intervention on diabetes self-management. J. Rural Health 2013, 29, 69–77. [Google Scholar] [CrossRef]

	



What Is Community Based Participatory Research? Detroit Urban Research Center: Ann Arbor, MI, USA. Available online: https://www.detroiturc.org/about-cbpr/what-is-cbpr (accessed on 15 November 2021).

	



Israel, B.A.; Schulz, A.J.; Parker, E.A.; Becker, A.B. Review of community-based research: Assessing partnership approaches to improve public health. Annu. Rev. Public Health 1998, 19, 173–202. [Google Scholar] [CrossRef]

	



Blumenthal, D.S. Is community based participatory research possible? Am. J. Prev. Med. 2011, 40, 386–389. [Google Scholar] [CrossRef] [PubMed]

	



Israel, B.A.; Schulz, A.J.; Parker, E.A.; Becker, A.B. Critical issues in developing and following community-based participatory research principles. In Community-Based Participatory Research for Health; Minkler, M., Wallerstein, N., Eds.; Jossey-Bass: San Francisco, CA, USA, 2003; pp. 56–73. [Google Scholar]

	



Wallerstein, N.; Duran, B. Community-based participatory research contributions to intervention research: The intersection of science and practice to improve health equity. Am. J. Public Health 2010, 100, S40–S46. [Google Scholar] [CrossRef] [PubMed]

	



Delisle, A.T.; Delisle, A.L.; Chaney, B.H.; Stopka, C.B.; Northcutt, W. Methods for fostering a community academic partnership in a firefighter community. Am. J. Health Behav. 2013, 37, 721–733. [Google Scholar] [CrossRef] [PubMed]

	



Gamboa-Maldonado, T.; Marshak, H.; Sinclair, R.; Montgomery, S.; Dyjack, D.T. Building capacity for community disaster preparedness: A call for collaboration between public environmental health and emergency preparedness and response programs. J. Environ. Health 2012, 75, 24–29. [Google Scholar]

	



Hwang, J.; Taylor, R.; Golla, V. Assessment of diesel particulates in fire departments using different exposure metrics. Fire Safety J. 2019, 106, 155–162. [Google Scholar] [CrossRef]

	



Macy, G.B.; Hwang, J.; Taylor, R.; Golla, V.; Cann, C.; Gates, B. Examining Behaviors Related to Retirement, Cleaning, and Storage of Turnout Gear Among Rural Firefighters. Workplace Health Saf. 2020, 68, 129–138. [Google Scholar] [CrossRef]

	



Hwang, J.; Taylor, R.; Macy, G.; Cann, C.; Golla, V. Comparison of Use, Storage, and Cleaning Practices for Personal Protective Equipment Between Career and Volunteer Firefighters in Northwestern Kentucky in the U.S. J. Environ. Health 2019, 82, 10–14. [Google Scholar]

	



Powell, R.A.; Single, H.M. Focus groups. Int. J. Qual. Health Care 1996, 8, 499–504. [Google Scholar] [CrossRef]

	



Krueger, R.A.; Casey, M.A. Focus Groups: A Practical Guide for Applied Research, 5th ed.; SAGE Publications: New Delhi, India, 2015. [Google Scholar]

	



Freeman, E.R.; Brugge, D.; Bennett-Bradley, W.M.; Levy, J.I.; Carrasco, E.R. Challenges of Conducting Community-Based Participatory Research in Boston’s Neighborhoods to Reduce Disparities in Asthma. J. Urban Health Bull. N. Y. Acad. Med. 2006, 83, 1013–1021. [Google Scholar] [CrossRef]

	



Jahnke, S.A.; Poston, W.S.; Jitnarin, N.; Haddock, C.K. Health concerns of the U.S. fire service: Perspectives from the firehouse. Am. J. Health Promot. 2012, 27, 111–118. [Google Scholar] [CrossRef]

	



Morgan, L.L.; Fahs, P.S.; Klesh, J. Barriers to research participation identified by rural people. J. Agric. Saf. Health 2005, 11, 407–414. [Google Scholar] [CrossRef] [PubMed]

	



Research America. Rural Health Research. 2021. Available online: https://www.researchamerica.org/advocacy-action/research/rural-health-research (accessed on 27 March 2021).

	



Pelletier, C.A.; Pousette, A.; Ward, K.; Fox, G. Exploring the perspectives of community members as research partners in rural and remote areas. Res. Involv. Engagem. 2020, 6, 3. [Google Scholar] [CrossRef] [PubMed]








[image: Ijerph 19 02009 g001 550] 





Figure 1. Conceptual Model of CBPR with Rural Firefighters. Adapted from Wallerstein et al. (2010) [17]. 
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