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Abstract
   During HAZMAT emergencies, first responders are the first to 
reach the incident site. Over the years, there has been an increase 
in the number of first responder deaths and heat related illness. 
Heat-related illnesses are most often studied in outdoor workers 
and wild land firefighters but occur in a variety of workers across 
the US. Surveillance programs reported approximately 28,000 HRI 
hospitalizations between 2001 and 2010. The progression from heat 
exhaustion to heat stroke can occur rapidly so first responders need 
warning systems to alert them to the impending health hazards of 
heat stress. This study works with HAZMAT first responders in 
Nebraska to explore and assess the status of responder safety in the 
state and begins with the first responder focus group requirements 
gathering process. A consensus building process was used for the 
focus group sessions and yielded thematic areas of health and safety 
concern. Responder safety was named the most common area of 
concern and solutions to individual risks were proposed by focus 
group participants from a local HAZMAT response team. The 
results of this focus group serve to inform researchers of priorities to 
consider in the development of responder health monitoring systems 
and to continue with research in wearable technology for real time 
health monitoring. Early intervention when monitored responders 
demonstrate signs of distress ultimately saves lives.
Keywords: HAZMAT, First Responder Safety, Heat Stress
Introduction
   According to the U.S. DOT Pipeline and Hazardous Materials 
Safety Administration (PHMSA), Office of Hazardous Materials 
Safety (OHMS), hazardous materials traffic in the U.S. now exceeds 
800,000 shipments per day [1] which translates to approximately 300 
million shipments of hazardous materials and more than 3.1 billion 
tons of hazardous materials moving across American roads annually. 
Out of these, 94% of HAZMAT shipments are moved by trucks [1]. 
Between 2011 and 2020, there were 153,451 HAZMAT incidents on 
US highways, with damage totaling over $600M [2].
   During HAZMAT emergencies, first responders, including fire 
fighters, police officers, emergency medical service personnel
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(paramedics), and representatives of the department of environmental 
quality, are the first to reach the incident site. Over the years, there has 
been an increase in the number of first responder deaths, which has 
been a call to action for organizations like the National Fire Protection 
Association (NFPA) to further study the firefighter problem. 
   Approximately 100 firefighters die in the line of duty each year and 
the leading cause is a sudden cardiac event [3]. Experts have long 
known that excessive heat emergencies can lead to cardiac events. 
Heat-Related Illness (HRI) is most often studied in outdoor workers 
and wild land firefighters, but can occur in a variety of workers across 
the US. CDC’s Environmental Public Health Tracking program 
reported approximately 28,000 HRI hospitalizations between 2001 
and 2010 [4]. 
   The progression from heat exhaustion (malaise, headache, nausea) to 
heat stroke (central nervous system symptoms, cardiac arrhythmias, 
core body temperature >40 degrees Celsius, vital organ damage) can 
occur rapidly, and the distinction is at times difficult. It is therefore 
vital to intercede at the first signs of heat exhaustion to prevent 
this progression, especially in those who have underlying health 
conditions such as obesity, diabetes, and cardiovascular disease [5].
   Firefighters have a higher than average obesity rate compared 
to other adults in the US, rendering the profession a key focus 
area for research into heat stress prevention [6,7]. Fehling et al [8] 
have conducted several studies to explore the relationship between 
heat stress and dehydration in firefighters, concluding that, when 
compounded together, the heart muscle’s work is substantially 
increased while perfusion to the heart is decreased [8]. In their earlier 
studies, they found evidence of an increase in blood platelets after 18 
minutes in burn training scenarios [3].
   Laron et al found that firefighters can ward off the symptoms of 
heat stress by increasing their intake of fluids (2015), but case studies 
have demonstrated that heat-related incidents continue to occur even 
with aggressive fluid intake [9]. Other studies have demonstrated the 
effects of heat strain with only short periods (6 minutes) of work 
in typical firefighter personal protective equipment (PPE) [10]. In 
addition, long-term heat exposures without sufficient recovery time
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have produced increased levels of cortisol and interleukin-6, which 
either weaken the immune system or trigger inflammatory or auto-
immune responses [11].
   Solutions to the heat stress incurred by firefighters have ranged 
from cooling vests to immersion of hands in cold water, but neither 
have been shown to adequately return core temperature to normal 
fast enough to prevent heat-related illness [12]. A 2020 systematic 
review of methods to mitigate heat illness in occupational settings 
did, however, show that specialized cooling garments, improving 
aerobic fitness, immersion in cool water, and exposure to cool 
ventilation were the most effective measures [13]. 
   In the absence of sound solutions, firefighters and other first 
responders need warning systems to alert them to the impending 
health hazards of heat stress. Unfortunately, several studies have 
attempted to correlate internal core temperature readings with skin 
temperature monitoring, with little to no success [14]. Even systems 
modeling, using air temperature, wind speed, solar load and clothing 
variables, fails to be a consistent predictor of the onset of heat 
illness [15]. The 2016 NIOSH Criteria of Recommended Standard: 
Occupational Exposure to Heat and Hot Environments recommends 
employers establish a medical monitoring system in an attempt to 
identify signs of heat-related illness and predict and prevent long-
term adverse outcomes. The thought is heat-related illnesses may also 
affect the absorption of toxic chemicals, which has dire consequences 
for firefighters who respond to current and future hazardous materials 
events [16].
   A 2018 study in the U.S. indicated that 23% of HAZMAT units 
and 39% of firefighter units had at least one case of heat-related 
illness in their responders in the previous year. Although 25% of 
all departments surveyed had no post-cooling strategies for their 
responders, firefighting departments were more likely to have said 
procedures. Cost, logistics and awareness remain the leading barriers 
to implementation of post-cooling methods [17].
   As ambient temperatures increase through climate change, the need 
for early warning systems for first responders becomes increasingly 
important [18]. An aging workforce plagued with chronic medical 
conditions also increases the risk for morbidity and mortality in the 
line of duty [19]. It is imperative the research be aimed at identifying 
the early signs of heat-related health emergencies, so intervention 
can be swift and timely.
   These research findings, among others, have dovetailed into 
national concerns of security and safety which have been codified 
into legislative action. In particular, the Fixing America’s Surface 
Transportation Act, or “FAST Act”, signed into law by President 
Obama on December 4, 2015, has sought to address these problems 
[20]. FAST Act addresses national level concerns associated with 
transporting hazardous materials safely and establishes requirements 
for real-time emergency response information and for monitoring 
human exposure during hazardous material incidents.
   This work follows up on such studies by working with HAZMAT 
first responders in Nebraska to explore and assess the current status 
of responder safety in the state. While the broader goals of the project 
center on designing, developing, and testing an integrated technology 
prototype for safety monitoring and minimizing first responder health 
impacts during response scenarios, the focus of this paper is to report 
on the data gathered through the focus groups addressing the status 
of Nebraska HAZMAT response.
   For the first phase of the project, several requirement gathering 
activities were conducted, including a literature review, interviews 
with key stakeholders, focus groups with first responders, a 
review of current sensor technology, and a research study was 
prepared on best practices for human health parameter data 
visualization on the dashboard. This paper will explore the 
first responder focus group requirement gathering process. A 
consensus building process entitled, Technology of Participation®

(ToP) was used for the focus group sessions [21].
Methods   
   The Technology of Participation® approach is designed to involve 
individual members of the HAZMAT response team in the decision-
making process of exploring perceptions. The process begins with 
providing context for the consensus, which in this case was to explore 
the facets of a HAZMAT response which elicited concern, either 
real or perceived, among the team members. Members do their own 
individual brainstorming by creating their own list of items. Small 
groups then share their individual lists and create a comprehensive 
list as a unit. All list items are then collectively viewed by all 
participants, followed by a clustering process to create groups of like 
items. Once clusters are formed, participants are asked to name the 
cluster as a theme for the list of items thereunder. At the conclusion 
of this process, the participants have created a working consensus 
of thematic areas of concern they experienced in the course of their 
responsibilities as a HAZMAT response team. The ToP method 
ensures individual inputs are not excluded through the natural 
dynamics of a hierarchical organizational structure. All responses are 
included in the clustering process and are not lost to dismissal by 
stronger and perhaps more vocal participants who may outrank their 
peers. The output from this consensus building and needs assessment 
approach provides valuable direction for the remainder of the overall 
project, and ensures the investment made in solutions is derived from 
sound exploration and is without bias [22].
   Members of a HAZMAT team in Omaha, Nebraska were asked to 
volunteer to participate in a focus group. The study was conducted 
according to the guidelines of the Declaration of Helsinki and 
approved by the Institutional Review Board of the University of 
Nebraska as an Exempt Educational, Behavioral, and Social Science 
Research (protocol approval #691-17-EX on November 6th, 2017). 
Informed consent was obtained from all subjects in the study through
an email notification to participate in the focus group and no 
demographic information was collected to ensure anonymity. 
Notification was approved by University of Nebraska IRB (protocol 
approval #691-17-EX on November 6th, 2017). Eight participants 
were present and were asked the following question: “When you are 
responding to a HAZMAT event, what are the things that you worry 
about?” Participants were then asked to make an individual list of 
10 items of concern. Each item was transcribed to an individual card 
and placed on a workspace visible to all participants. Participants 
were subsequently asked to cluster together similar cards or which 
represented a common theme. Once clustering was complete, 
participants were asked to create a thematic name for each cluster. 
Individual cards were then removed while thematic headings 
remained visible. Participants were asked to brainstorm possible 
solutions to any concerns classified under the thematic areas and 
place those solutions on individual cards under the appropriate 
heading.
Results
   Table 1 represents the clusters of items HAZMAT responders 
considered as concerns when they respond to an event. Thematic 
areas include: Responder Safety; Training; Risk Assessment; 
Incident Command; Personal Protective Equipment; Weather and 
Location; Communication; Hazard/Product Identification; Public 
Safety and Post Incident Review. Each item under “Concerns” 
represents an individual card placed by all participants. The majority 
of concerns (23%) were classified as related to responder safety. The 
concerns range from individual consequences such as the short-term 
effects of hazards from either poor responder tracking or exposure 
to the hazardous material, to the longer-term effects of repeated 
exposures, including the potential secondary exposure effects on 
family members.
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Themes Concerns

Responder Safety Safety of responders Life safety
 Fire fighter accountability Respondent exposure
 Potential external hazards Long-term health effects
 Adequate staffing? Education/awareness of 

political level
 Exit strategy if things go bad Taking home to family
 Incident stabilization/property 

conservation
 

   
Training Sufficient training Proper equipment/tools
 Previous incident experience  
   
Risk Assessment Secondary Explosions  
 Bioterrorism  
   
Incident Command Subject matter expert available?  
 Will proper procedures 

be followed by incident 
commander?

 

   
PPE Adequate PPE/ Proper/correct 

PPE
Extra resources

 Can’t see Maintenance and equipment
   
Weather and Location Exact location of spill/leak; 

topography
 

 Weather conditions  
   
Communication Communication to the 

community
Information collection and 
dissemination

 Communication among 
responders (own unit) and 
interagency

Communication before we get 
to the scene

   
Hazard/Product Identification Building layout/incident layout Data gathering
 Equipment working? How/what will HAZMAT 

change?
   
Public Safety Evacuate vs shelter Notify and evacuate potential 

victims
 Where can HAZMAT go? How many have been exposed/

potential victims?
 Property conservation Safety of citizens/public
   
Post Incident Review Interagency results and findings What to do differently next 

time
 Lessons learned What worked/what did not

Table 1: Station X – HAZMAT Focus Group for Needs Assessment Results
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   Figure 1 represents the brainstormed solutions to the items of 
concern clustered under the thematic area entitled: Responder Safety. 
Each orange box represents an individual concern/challenge from the 

cards generated by participants for the Responder Safety thematic 
area. Each box contains a list of proposed solutions to the specific 
challenge/concern.     

Figure 1: Solutions to items of concern

Discussion
   Although we recognize the limitations of a small sample size in this 
focus group, we also appreciate the value of a consensus process that 
produces perceptions often reflected in the  literature. With large rural 
populations across the country reliant on volunteer response forces, 
targeted interventions will be key to alleviating responder concerns. 
   The focus group participants attributed some safety concerns 
to lack of training and suggested increased training, drills and 
exercises to address these gaps. Incorporation of simulation 
technology such as virtual reality was proposed, perhaps a signal to 
generational differences and a preference for more interactive and 
technologically advanced modes of instruction. Virtual reality has 
been used pedagogically in training first responders to responses 
which include fuel cell and hydrogen technologies transported in 
Europe. In keeping with adult learner principles that ascribe to more 
problem-centered rather than content-centered curriculum, virtual 
reality offers an immersive experience into a mock scenario and 
tests the responder’s ability to make decisions based on the specific 
event [23]. Rural communities have also turned to simulation-based 
training techniques to ensure first responders in remote areas have 
equal access to training and have demonstrated high levels of learner 
satisfaction in the process [24].

   Ascertaining the exact location of responders in a chaotic response 
was also listed as a concern of the focus group participants. Direct 
questions to team commanders confirmed this concern. Incident 
commanders expressed the desire for better responder accountability 
technology, and ideas for solutions were mostly based on new 
innovative technology. Drones were suggested by several focus 
group members, despite public concerns for privacy regarding the 
use of drones, and first responders have been using drones in Canada 
and the US more frequently in the last 10 years [25]. Among other 
things, drones have been used to assess the scene, communicate from 
the command post to responders and/or victims at the scene, transport 
medical supplies, and place sensors for wireless communication in a 
disaster [26, 27].   
   Short-term and long-term health effects from exposure to hazardous 
materials are common concerns for the participants of this focus 
group and were reflected in the solutions gathering phase. Participants 
thought immediate health screening at the scene could alleviate some 
of the health effects but were not specific about how it would be 
accomplished. Data on acute chemical injuries to first responders from 
across the country shed light on the issue at a national level. From 
2002-2012, there were sufficient injuries and exposures to warrant 
an in-depth analysis [28]. Most immediate adverse events were
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actually due to human error or equipment failure. Firefighters who 
wore personal protective equipment (PPE) either chose not to wear 
respiratory protection during the fire or to remove it after the flames 
were extinguished, exposing themselves to harmful chemicals in both 
cases. Some cited difficulties with communications as the reason, 
and others thought masks were no longer necessary once the fire was 
extinguished. A greater risk for firefighters comes with the inherent 
use of proper PPE. The incidents of acute and at times dangerous 
health events related to heat and cardiovascular stress far outnumber 
those involving the exposure to chemicals, given credence to the 
ongoing need to improve personal protective technology [28]. Other 
studies have demonstrated first responders don a lower level of PPE 
to limit the ergonomic and dexterity restraints of a fully protective 
ensemble [29]. Medical screening on scene may accelerate the 
timeline procedures for cooling the first responders and monitoring 
as they come directly from the scene, but better compliance with 
the highest protection of PPE and instituting strict time limitations 
while in PPE may be a more appropriate role for medical monitoring 
personnel. Identification of the hazardous materials becomes less 
important if first responders are protected to the highest level for the 
most dangerous exposure and are monitored for the health effects of 
the PPE rather than for the environmental dangers they combat.
   Monitoring of the long-term health effects of the profession is more 
challenging. The National Institute for Occupational Safety and Health 
(NIOSH) implemented an Emergency Responder Health Monitoring 
and Surveillance (ERHMS) system in the last decade to conduct on-
scene and post-event monitoring for first responders responding to a 
disaster. The goal of this program is to ensure workers maintain their 
ability to respond effectively and are not harmed during response 
work, and to identify exposures early in the course of an emergency 
response to prevent or mitigate adverse physical and psychological 
outcomes [30]. A standardized program like ERHMS does not exist 
for responses to emergencies which do not rise to the level of a disaster 
or public health emergency. Professional first responders must rely on 
their organizations to be proactive and perform immediate and long-
term monitoring. Although this study targeted only one HAZMAT 
team setting and may not be generalizable to all, these focus group 
participants made suggestions for strategies to attain longer term 
health tracking that range from the establishment of a documentation 
system for longitudinal monitoring to recommending consistency 
in occupational health services providers, demonstrating the value 
of this focus group study to impact the lives of our first responder 
population going forward.
Conclusion
   First responders to incidents involving hazardous materials work 
tirelessly in pursuit of public safety. They belong to a profession 
with documented risks and adverse outcomes as a direct result of 
their job, and the equipment they use to protect themselves from 
the hazards. Heat stress and cardiac events top the list of adverse 
health threats, but long-term sequalae are also documented in the few 
longitudinal studies that have been conducted [31]. Responders from 
an Omaha area HAZMAT team were able to articulate their concerns 
in a focus group setting using a systematic facilitation process. They 
voiced concerns for their health and safety in the short-term and in 
the long-term; at the same time, they acknowledged the dearth of 
responder monitoring at the scene or over time. The results of this 
focus group serve to inform researchers of priorities to consider in the 
development of responder health monitoring systems and to continue 
with research in wearable technology for real-time health monitoring. 
Early intervention when monitored responders demonstrate signs of 
distress ultimately saves lives in the short-term, but also provides 
data to be analyzed over the long-term. In the absence of resource-
intensive health monitoring by practitioners, wearable sensors may 
be the answer to systematic health monitoring of first responders and

early warning to scene commanders for intervention strategies. 
The future of responder health and safety using sensors should be 
explored as a solution to reported adverse events and responder 
concerns. Wearable technology and sound user interface technology 
for monitoring may be the future solution for today’s gaps in 
responder health surveillance.
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