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Abstract 
 
First responders, defined in this review as law enforcement officers, firefighters, and emergency 

medical services, are a population at risk for occupational exposures to chemical substances.  

This review aimed to identify acute chemical exposure surveillance systems at the federal, state, 

and local levels with relevance to the first responder population.  Both white and gray literature 

searches were conducted to understand existing surveillance systems and to formulate 

recommendations for first responder acute chemical exposure surveillance design.  No consistent 

surveillance system design could be determined from the search.  Nor was an adequate state or 

federal surveillance system identified to understand acute chemical exposures among first 

responders.  However, a conceptual model for public health surveillance systems, a 

recommended set of data inputs, and relevant occupational health indicators were determined.  

These were combined into a framework to inform first responder acute chemical exposure 

surveillance design.  
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A Review of Occupational Health Acute Chemical Exposure Surveillance Systems for the First 
Responder Population 

Introduction 
Public Safety Emergency First Responders are defined as federal, state, and local 

governmental and nongovernmental emergency public safety, fire, law enforcement, emergency 

response, emergency medical (including hospital emergency facilities), and related personnel, 

agencies, and authorities (Bricker, Petermann, Hines, & Sands, 2013).  These providers are a 

population at risk for occupational exposures to chemical substances, with one analysis showing 

injuries that required emergency department visits at rates 2-3 times higher than the general 

United States labor force (Melnikova, Wu, Yang, & Orr, 2013).  Firefighters were the most 

frequently injured group of providers, followed by law enforcement.  Respiratory system 

problems were by far the most commonly reported injury category among all responders, 

followed by chemical- or non-chemical-related trauma.  The respiratory irritants ammonia, 

methamphetamine-related chemicals, and carbon monoxide were the chemicals most often 

associated with injuries.  Law enforcement officers’ injuries were mostly associated with 

exposure to ammonia and methamphetamine-related chemicals.  Most of the incidents with 

provider injuries were caused by human error or equipment failure.  Firefighters wore personal 

protective equipment (PPE) most frequently and law enforcement officers did so rarely 

(Melnikova, 2013). 

In general, occupational safety and health (OSH) surveillance refers to the ongoing and 

systematic collection, analysis, interpretation, and dissemination of health and injury data; the 

data are intended to inform public health practice.  The existence of a more specific form of 

occupational health surveillance systems, exposure surveillance systems, that inform about 

exposure incidents and resulting actions to prevent injury are very limited (NASEM, 2018).  In 

response to this continuing need, multiple programs with varying design and specificity to first 
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responders may have been instituted at the national, state, and local levels.  One federal level 

program, the Agency for Toxic Substances and Disease Registry (ATSDR) National Toxic 

Substance Incidents Program (NTSIP) was a national chemical surveillance system that collected 

information on many aspects of acute hazardous chemical incidents (ATSDR, 2014).  NTSIP 

provided detailed quantitative analysis of incidents, exposures, and injuries, with the goal of 

preventing or reducing the harm caused by toxic substance incidents. This program, however, 

has been discontinued at the federal level as of 2014 (Eiffert, Etienne, Hirsch, & Langley, 2017). 

This review is aimed at identifying additional acute chemical exposure surveillance 

systems at the federal, state, and local levels.  A systematic search will be carried out to identify 

publications presenting toxic substance exposure surveillance systems.  Data extracted will 

include surveillance system design, methodological details, types of data analysis, and any 

details of practical application.  This literature review concludes with a summary of findings on 

surveillance system design and recommendations for acute chemical exposure surveillance 

design. 

Definitions and Basic Concepts 

Definitions 

Significant variability exists in the definition of a first responder.  Bricker et al. (2013), in 

the monograph “The Legal Definitions of First Responder,” examined federal law, regulations, 

and other executive branch documents and concluded that there was no “definition” of the term 

“first responder.” The term has come to be used popularly to refer to law enforcement, fire, and 

emergency medical personnel, especially after the events of September 11, 2001 (Bricker et al., 

2013).  Houser, Jackson, Barton, and Peterson (2004) found that the emergency responder 

population is typically divided into three services: firefighters, law enforcement officers, and 
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emergency medical services (EMS).  However, Houser et al. assert that this division is 

insufficient because many individual responders belong to more than one service and there is 

some variation in the duties of personnel within each service.  For example, a firefighter may be 

cross-trained as an emergency medical technician and respond to medical calls, and a law 

enforcement officer may also serve as a volunteer firefighter.  Furthermore, data sets (comprised 

of information about both the responder population and injury incidence) do not have a uniform 

definition for emergency responder services and the individuals categorized as belonging to each 

service.  These variations have an impact on how emergency responders are counted and how 

data about the risks they face are enumerated and analyzed.  An example of these inconsistencies 

in defining emergency response providers can be seen with hazardous materials (hazmat) 

personnel.  While the hazmat function is often provided by the fire service, in many places 

hazmat responders are either independent or part of a law enforcement group.  Most of the 

responder community considers hazmat to be a separate function, one often performed by the fire 

department but having distinct personnel and skills.  For instance, there is an organization in the 

state of North Carolina where the members of a hazmat team include individuals cross-trained in 

hazmat, fire, and emergency services.  However, the surveillance and population data sets 

typically do not count hazmat personnel separately from their fire, law enforcement officer, or 

other affiliation (Houser et al., 2004.)  For this review, we use the term “first responder” to refer 

to law enforcement officers, firefighters, and emergency medical services.  Emergency medical 

services includes paramedics and emergency medical technicians. 

The United States’ Agency for Toxic Substances Disease Registry (ATSDR) defines 

acute chemical exposure as contact with a chemical substance that occurs once or for only a 

short time (up to 14 days).  This exposure may or may not lead to toxicity or an adverse health 
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effect.  The physiological response is dependent on the dose-response relationship and on the 

nature of the exposure, the chemical substance involved, route of exposure, and the unique 

physiological aspects of the exposed individual. 

Public health surveillance is the ongoing systematic collection, analysis, and 

interpretation of data, closely integrated with the timely dissemination of these data to those 

responsible for preventing and controlling disease and injury (Thacker and Berkelman, 1988).  

Furthermore, regarding public health interventions, “[b]ecause surveillance can directly measure 

what is going on in the population, it is useful both for measuring the need for interventions and 

for directly measuring the effects of interventions” (Nsubuga et al., 2006). The overall purpose 

of surveillance is to empower decision makers to lead and manage more effectively by providing 

timely, useful evidence (Nsubuga et al., 2006). 

A more specific class of public health surveillance systems is referred to as occupational 

safety and health (OSH) surveillance.  In OSH surveillance, data are collected on both work-

related health outcomes (e.g., injuries, diseases, or fatalities) and on the presence of health and 

safety hazards (e.g., hazardous exposures or conditions).  Historically, the major focus has been 

on gathering data about health outcomes and analyzing these data to identify both sentinel cases 

and trends to inform the targeting and evaluation of efforts to control hazards and prevent 

occupational injuries and illnesses.  The information produced by surveillance has also been used 

to inform policy development, to guide educational and regulatory activities, to develop safer 

technologies, and to enable research.  The issue of hazard surveillance has not been emphasized 

in the United States’ approach to OSH surveillance (NASEM, 2018). 

An occupational exposure surveillance system monitors actual contact that workers have 

with the substance or condition (potentially including data on who the workers are who were 
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exposed, the duration of the exposure, and the level or intensity of the exposure) (NASEM, 

2018). 

Occupational health indicators (OHIs) are measures of health (work-related disease or 

injury) or factors associated with health (workplace exposures, hazards, or interventions).  OHIs 

collected by states allow a state to compare its health or risk status with that of other states and 

evaluate trends over time.  OHIs can help guide priorities for prevention and intervention efforts.  

They are a subset of the conditions identified in a joint Council of State and Territorial 

Epidemiologists (CSTE) and National Institute for Occupational Safety and Health (NIOSH) 

subcommittee report on state-based surveillance model recommendations (NIOSH CSTE, 2001). 

Public Health Surveillance Conceptual Framework 

Thacker, Qualters, and Lee (2012) describe a general conceptual model for public health 

surveillance to include data sources from both human and automated data systems in the form of 

health surveys, registries, information systems, environmental monitoring, clinical public health 

research, and other data resources.  This framework includes the overall functions of data 

collection, collation, analysis, interpretation, dissemination, and then application to a program’s 

scope (Figure 1).
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Figure 1.  Conceptual framework for public health surveillance (Thacker et al., 2012) 

Data Sources Informing First Responder Surveillance Systems 

Houser et al. (2004) described four main types of data sources that provide information 

on the occupational hazards, injuries, and illnesses faced by emergency responders.  These are 

responder-specific sources, incident-specific sources, general population occupational health and 

safety sources, and focused epidemiological studies.  

• Responder-specific sources are generally collections of injury, fatality, and sometimes 

illness information for a single responder occupation.  Because the format of the data can be 

tailored to focus specifically on the unique range of hazards faced by that responder occupation, 

the information can be very detailed. 
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• Incident-specific databases derive from reporting of specific types of incidents, in 

which responder injuries are only one part of the required reporting.  These include occupational 

safety and health reports. 

• General population data sets on work-related injuries, illnesses, and fatalities can be 

used to analyze emergency responder health and safety issues when the data sets contain 

occupation coding.  These sources allow limited breakouts of data for law enforcement officers 

and firefighters, but usually not for EMS personnel. 

• Focused epidemiological studies are usually conducted by individual researchers or 

small groups and generally consider one or more safety and health problems.  These studies use a 

small sample population, such as one state or a smaller population subset, and generally address 

a specific type of occupational health hazard.  Non-acute occupational injuries and illnesses are 

typically not captured effectively in most data sets, and researchers have conducted 

epidemiological studies to investigate these hazards (Houser et al., 2004). 

Methods 

Literature Searches and Search Strategy 

A literature search was conducted using the North Carolina State University Summon 

database to identify scientific journal articles and data sets of interest.  The literature search 

parameters included public health discipline, peer-reviewed articles, with available abstracts and 

with publication dates between 4/7/2014 and 4/7/2019.  Newspaper articles, dissertations, book 

reviews, and non-English articles were excluded. 

In order to identify publications presenting acute chemical exposure surveillance systems 

and relevant data, the search strategy consisted of the search terms “first responder” combined 
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with “toxic,” “acute”, “occupational,” “chemical,” “exposure,” and “data.”  The search yielded 

99 articles. 

 In order to identify acute chemical exposure surveillance systems at the federal, state, 

and local levels, an additional Summon search was conducted using the previous search terms 

“first responder,” “toxic,” “acute,” “occupational,” “chemical,” “exposure,” and “data” separated 

by the Boolean operator “AND” with “surveillance system.”  The search yielded 30 results and 

identification of one federal system.  

A gray literature search was then conducted to further explore the identification of 

additional state and local level acute chemical exposure surveillance systems using the Google 

search engine with the previous search terms, “toxic,” “acute,” “chemical,” “exposure,” “data,” 

“occupational,” “first,” “responder,” “surveillance,” and “systems.”  This search resulted in 

identifying one additional current and one noncurrent federal system.  The federal systems were 

compared according to four criteria: design, data sources, analytics, and outputs.  

Results 

Search Results 

 The first white literature search for publications addressing acute chemical exposure 

surveillance system data yielded 99 articles, with a wide variety of data sources represented.  

Many of the publications could be categorized as one of Houser’s four data sources (i.e., 

responder-specific sources, incident-specific databases, general population data, and focused 

epidemiological studies); however, the method of classifying and recording of chemical 

substance, exposure setting, exposure duration, general circumstances of exposure, and outputs 

varied greatly.  The search did not yield any current state-level surveillance systems for first 

responders.  The search did identify one publication describing one legacy state system (North 
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Carolina) that was unfunded with the federal National Toxic Substance Incidents Program 

(NTSIP) in 2014. 

The second white literature search for publications to identify acute chemical exposure 

surveillance systems at the state and federal levels yielded 30 results, with no resulting 

publications detailing current state-level surveillance systems for first responders.  One federal 

system, the National Poison Data System (NPDS), was identified.  The noncurrent federal 

system, NTSIP, was identified and is presented here for comparison purposes.   

The third search, in gray literature, also yielded an additional National Institute for 

Occupational Health and Safety (NIOSH)-sponsored first responder guidance document, 

Emergency Responder Health Monitoring and Surveillance (ERHMS).  During this search, some 

results suggested a consistent framework within state systems.  Although the state-level systems 

were not designed specifically for the first responder population, they did provide a relatively 

consistent structure.  Twenty-eight states were identified as having CSTE/NIOSH Occupational 

Health Indicators (OHIs), and reports from each state were analyzed for this review to determine 

the inclusion of first responder chemical exposures and relevant OHIs. 

Overall, the identified federal surveillance systems had no consistent framework and no 

consistent data inputs.  Each of the federal systems are further analyzed below and presented in 

Table 1.  In the absence of state-level surveillance systems, the CSTE OHIs were analyzed for 

states for which these data were collected. 

State Programs and CSTE Occupational Health Indicators  

The literature review did not identify any specific state-level acute chemical exposure 

surveillance systems for first responders; however, more general state surveillance systems 

existed that were consistently informed and standardized by CSTE OHIs.  Based on the 2001 
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joint CSTE and NIOSH subcommittee report, OHIs were collected in 28 states (Figure 2).  These 

OHI-based state systems were funded under the NIOSH Surveillance Research Program and 

reported on OHIs as part of a grant requirement to develop or expand occupational health 

surveillance program capacity and technical infrastructure.  Three types of reporting state 

programs existed: fundamental programs that reported a minimum of 15 indicators and 

fundamental-plus and expanded programs that reported more than 15 (CDC FOA, 2016).  The 

CSTE OHI were intended to be used in conjunction with other guidelines for state-based 

surveillance of occupational injuries and illnesses in order to provide improved consistency and 

availability of occupational disease and injury surveillance data.  These OHI-based state 

occupational health surveillance systems provide a foundation for some federal surveillance 

systems and supplement other federal surveillance systems (NIOSH CSTE, 2001). 
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Figure 2.  NIOSH-sponsored state occupational health and safety surveillance programs (NASEM, 2018) 
 

The 24 OHI are presented in Table 1 with an assessment of their relevance to informing 

first responder acute chemical exposures. Eleven of 24 were found to have relevance to first 

responder exposures. 

CSTE Indicator Brief Definition Relevant for 
First Responder 

Exposures 

Evidence for 
Relevance for First 

Responder 
Exposures 

Indicator 1:  Non-
Fatal Injuries and 
Illnesses Reported by 
Employers 

 Estimated annual 
number and rate 
of work-related 
injuries and 
illnesses among 
private sector 
workers  

Yes This indicator is 
described in the 
CSTE public health 
significance section to 
include The Bureau 
of Labor Statistics’ 
(BLS) Annual Survey 
of Occupational 
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 Estimated annual 
number and rate 
of work-related 
injuries and 
illnesses 
involving days 
away from work 

 Estimated annual 
number of 
injuries and 
illnesses 
involving more 
than 10 days 
away from work 

Injuries and Illnesses 
(Annual Survey) 
injury data related to 
exposure to hazardous 
substances. 

Indicator 2: Work-
Related 
Hospitalizations 

 Annual number 
and rate of 
hospitalizations 
of state residents 
16 years or older 
with workers’ 
compensation 
reported as the 
primary payer 

Yes First responders are 
an occupational group 
that have been 
hospitalized from 
chemical exposures; 
this indicator is 
directly linked 
(Melnikova, 2017). 

Indicator 3:  Fatal 
Work-Related Injuries 

 Annual number 
of fatal work-
related injuries 
and annual rate 
of fatal work-
related injuries 
among persons 
16 years or old   

Yes Melnikova et al. 
(2017) established 
that first responders 
do suffer mortality 
from chemical 
exposures. 

Indicator 4:  
Amputations 
Reported by 
Employers 

 Estimated annual 
number and rate 
of work-related 
amputations 
involving days 
away from work 
among private 
sector workers 

No Not relevant 

Indicator 5: 
Amputations 
Identified in State 
Workers’ 
Compensation 
Systems   

 Annual number 
and rate of 
amputations 
identified in state 
workers’ 
compensation 
systems 

No Not relevant 
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Indicator 6: 
Hospitalizations for 
Work-Related Burns   

 Annual number 
and rate of 
hospitalized state 
residents 16 
years or older 
with principal 
diagnosis of burn 
and primary 
payer coded as 
workers’ 
compensation 

Yes From the public 
health significance 
portion of CSTE’s 
definition, “[b]urns 
encompass injuries to 
tissues caused by 
contact with dry heat 
(fire), moist heat 
(steam), chemicals, 
electricity, friction, or 
radiation.” 

Indicator 7: 
Musculoskeletal 
Disorders Reported 
by Employers 

 Estimated annual 
number and rate 
of 
musculoskeletal 
disorders 
(MSDs) 
involving days 
away from work 
among private 
sector workers 

 Estimated annual 
number and rate 
of MSDs of the 
back involving 
days away from 
work among 
private sector 
workers 

 Estimated annual 
number and rate 
of MSDs of the 
upper 
extremities, 
neck, and 
shoulder 
involving days 
away from work 
among private 
sector workers 

 Estimated annual 
number and rate 
of carpal tunnel 
syndrome cases 
involving days 
away from work 

No Not relevant.  The 
definition does not 
include provision for 
chemical exposure. 
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among private 
sector workers 

Indicator 8: Carpal 
Tunnel Syndrome 
Cases Identified in 
State Workers’ 
Compensation 
Systems 

 Annual number 
and rate of carpal 
tunnel syndrome 
cases identified 
in state workers' 
compensation 
systems   

No Not relevant.  The 
definition does not 
include provision for 
chemical exposure. 

Indicator 9: 
Pneumoconiosis 
Hospitalizations 

 Annual number 
and rate of 
hospitalizations 
with 
pneumoconiosis 
as a principal or 
secondary 
discharge 
diagnosis   

No Not relevant.  
Pneumoconiosis in 
the public health 
definition is regarded 
as a long-term 
exposure condition, 
“Pneumoconiosis is a 
term for a class of 
non-malignant lung 
diseases caused by 
the inhalation of 
mineral dust, nearly 
always in 
occupational settings. 
Most cases of 
pneumoconiosis 
develop only after 
many years of 
cumulative 
exposure.”  This 
condition does not 
apply to acute 
chemical exposures. 

Indicator 10: 
Pneumoconiosis 
Mortality   

 Annual number 
and rate of 
deaths with 
pneumoconiosis 
as the underlying 
or contributing 
cause of death.   

No Not relevant.  
Pneumoconiosis in 
the public health 
definition is regarded 
as a long-term 
exposure condition, 
“Pneumoconiosis is a 
term for a class of 
non-malignant lung 
diseases caused by 
the inhalation of 
mineral dust, nearly 
always in 
occupational settings. 
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Most cases of 
pneumoconiosis 
develop only after 
many years of 
cumulative 
exposure.”  This 
condition does not 
apply to acute 
chemical exposures. 

Indicator 11: Acute 
Work-Related 
Pesticide Poisonings 
Reported to Poison 
Control Centers 

 Annual number 
and rate of work-
related pesticide 
poisonings 
reported to state 
Poison Control 
Centers   

Yes Calvert et al. (2003) 
described the 
integration of 
surveillance data as a 
result of acute 
chemical exposures 
during emergency 
response.   

Indicator 12: 
Incidence of 
Malignant 
Mesothelioma   

 Annual number 
and rate of 
persons 15 years 
and older newly 
diagnosed with 
malignant 
mesothelioma 

No Not relevant.  From 
the public health 
significance portion 
of CSTE’s definition, 
“Mesothelioma is a 
disease of long 
latency, typically with 
20-40 years between 
exposure and onset of 
disease.”  Although 
this condition meets 
the definition of 
chemical exposures, it 
will not be detected in 
enough time to 
capture acute 
exposures. 

Indicator 13: 
Elevated Blood Lead 
Levels among Adults 

 Annual numbers 
and rates 
(prevalence and 
incidence) of 
persons age 16 or 
older with blood 
lead levels 
greater than or 
equal to 10 
micrograms per 
deciliter (µg/dL) 
and greater than 

Yes A direct link to 
elevated blood lead 
levels as a result of 
acute chemical 
exposures in the first 
responder population 
was unable to be 
identified in available 
literature searches.  
However, the 
possibility of first 
responder acute 
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or equal to 40 
µg/dL   

exposure to industrial 
accidents involving 
lead is possible. 

Indicator 14: 
Workers Employed in 
Industries with High 
Risk for Occupational 
Morbidity   

 Number and 
percent of 
workers 
employed in 
industries with 
high risk for 
occupational 
morbidity 

No Not relevant.  First 
responders are not 
listed as workers 
employed in the BLS 
Survey of 
Occupational Injuries 
and Illnesses. 

Indicator 15: 
Workers Employed in 
Occupations with 
High Risk for 
Occupational 
Morbidity 
 

 Number and 
percent of 
workers 
employed in 
occupations with 
high risk for 
occupational 
morbidity   

Yes According to the BLS 
Annual Survey in 
2003, fire fighters, 
emergency medical 
technicians, 
paramedics, were 
identified as “high 
risk” because they 
had injury and illness 
rates that exceeded 
2.6 per 100 full-time 
workers, twice the 
national injury and 
illness rate.   

Indicator 16: 
Workers Employed in 
Industries and 
Occupations with 
High Risk for 
Occupational 
Mortality 
 

 Number and 
percent of 
workers 
employed in 
industries and 
occupations with 
high risk for 
occupational 
mortality due to 
injuries 

Yes According to the 
2002 BLS Census of 
Fatal Occupational 
Injuries (CFOI), 
firefighters and 
certain subgroups of 
law enforcement had 
fatality rates greater 
than 20 per 100,000 
workers.   

Indicator 17: 
Occupational Safety 
and Health 
Professionals   

 Estimated 
number and rate 
of occupational 
safety and health 
professionals   

No Not relevant. This 
indicator is not linked 
due to OSH 
professionals 
differing from first 
responders who have 
a specific ongoing 
workplace risk 
reduction focus. 
Further, the public 
health portion of the 
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CSTE definition 
defines Occupational 
safety and health 
(OSH) professionals 
as professions 
identifying hazardous 
conditions or 
practices in the 
workplace and 
helping employers 
and workers reduce 
the risks imposed by 
such conditions. 

Indicator 18: 
Occupational Safety 
and Health 
Administration 
(OSHA) Enforcement 
Activities   

 Number of 
establishments 
under 
Federal/state 
OSHA 
jurisdiction 

 Annual number 
of establishments 
inspected by 
Federal/state 
OSHA 

 Annual number 
of employees 
whose work 
areas were 
inspected by 
Federal/state 
OSHA 

 Percent of 
establishments 
under 
Federal/state 
OSHA 
jurisdiction 
inspected by 
Federal/state 
OSHA  

 Percent of 
employees in 
establishments 
under 
Federal/state 
OSHA 

No Not relevant. This 
indicator addresses 
either Federal OSHA 
or state administered 
inspection program 
legal enforcement 
activities that fall 
outside of first 
responder 
occupational 
definition. 
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jurisdiction 
whose work 
areas were 
inspected 

Indicator 19: 
Workers’ 
Compensation 
Awards   

 Annual workers’ 
compensation 
benefits paid, 
and average 
amount paid per 
covered worker 

Yes Because first 
responders sustain 
injury and 
hospitalization from 
chemical exposures, 
this indicator is 
relevant to first 
responder chemical 
exposures. 

Indicator 20: Work-
Related Low Back 
Disorder 
Hospitalizations 

 Annual number 
and rate of work-
related low back 
disorder 
hospitalizations 
for state 
residents age 16 
years or older 

No Not relevant. Work-
related low back 
disorder 
hospitalizations are 
not related to acute 
chemical exposures. 

Indicator 21: Asthma 
Among Adults Caused 
or Made Worse by 
Work   

 Weighted 
estimate of the 
number of ever-
employed adults 
with current 
asthma who 
report that their 
asthma was 
caused or made 
worse by 
exposures at 
work 

 Estimated 
percent of ever-
employed adults 
with current 
asthma who 
report that their 
asthma was 
caused or made 
worse by 
exposures at 
work 

Yes Gorguner & Akgun 
(2010) identified first 
responders as an at-
risk group for acute 
inhalation injury and 
identified substances 
that may be 
associated with 
inducing asthma.   

Indicator 22: Work-
Related Severe 

 Annual number 
of work-related 

Yes Based on the 
guidance document, 



FIRST RESPONDER SURVEILLANCE SYSTEMS 24 
 

Traumatic Injury 
Hospitalizations   

severe traumatic 
injury 
hospitalizations  

 Annual rate of 
work-related 
severe traumatic 
injury 
hospitalizations 
(per 100,000 
workers)   

“Consensus 
Recommendations for 
Injury Surveillance in 
State Health 
Departments,” 
traumatic injury does 
include poisonings.  
This indicator is 
related to traumatic 
injury and therefore 
related to first 
responder chemical 
exposures. 

Indicator 23: 
Influenza Vaccination 
Coverage Among 
Healthcare 
Personnel:  

 Healthcare 
personnel (HCP) 
influenza 
vaccination 
coverage for all 
healthcare 
personnel in 
licensed acute 
care facilities    

No Not relevant   

Indicator 24: 
Occupational Heat- 
Related Emergency 
Department (ED) 
Visits  

 Annual number 
of heat-related 
ED visits for 
persons age 16 
years or older  

 Annual crude 
rate of heat-
related ED visits 
per 100,000 
employed 
persons age 16 
years or older  

No Not relevant 

 
Table 1.  Determination of relevant and nonrelevant occupational health indicators to the first responder population 

The number of OHIs used in six states was unable to be determined using annual reports 

due to a lack of detail in reporting.  Where the number of OHI were able to be determined, the 

range was from 18 in New Hampshire to 24 in Connecticut, Iowa, Kentucky, Michigan, 

Montana, New Jersey, and Wisconsin (Table 2).   
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State Indicators Addressed 2016-17  

California 21 
Colorado 19 
Connecticut 24 
Florida 20 
Georgia 22 
Illinois UTD 
Iowa 24 
Kentucky  24 
Louisiana 22 
Maine UTD 
Maryland UTD 
Massachusetts 23 
Michigan 24 
Minnesota 23 
Mississippi 21 
Montana 24 
Nebraska 23 
New Hampshire 18 
New Jersey 24 
New Mexico UTD 
New York 23 
North Carolina 22 
Ohio UTD 
Oregon UTD 
Tennessee 23 
Texas 22 
Washington 23 
Wisconsin 24 

 
Table 2.  Number of CSTE Occupational Health Indicators as reported by state 
 

Federal Level Surveillance System Description and Comparison 

 Table 3 provides an overview of federal surveillance systems identified in this review. 
 
National System Design Type Data Inputs Data Analysis Outputs 

 National 
Poison Data 
System 
(NPDS)   

 Near Real 
Time 
Volume and 
Case Based 
Surveillance  

 Case information from 
calls placed to 61 (2008) 
poison centers  

 50 million case records 
and information on over 
360,000 products 

 Historical trends and 
comparison 

 Incoming call or data 
volume alert 

 Total call volume 
 Human exposure call 

volume 
 Animal exposure call 

volume 
 Information call 

volume 
 Clinical effects 

volume 
o Signs and 

symptoms 

 Custom anomaly 
alerts 

 Real-time adverse 
event monitoring 

 Surveillance 
 Resilience 
 Response 
 Situational awareness 
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o Laboratory 
abnormalities  

 Case-based 
surveillance 
definitions  

 National 
Toxic 
Surveillance 
Incidents 
Program 
(NTSIP) 

(2010-2014) 

 Acute 
Chemical 
Incident 
Surveillance 
Program  

 Incident location 
 Evacuation details 
 Number of injured 

people 
 Adverse health effects 

experienced by those 
injured or exposed 

 Personal protective 
equipment (PPE) used 
by responders 

  

 Incident trends 
 Chemical trends 
 Primary/secondary 

contributing factors 
 Injury 

characterization 
 Response and 

evacuation 
 Industry 

 National incident 
estimates  

 Fixed facility 
estimates 

 Transportation related 
estimates 

 Emergency 
Responder 
Health 
Monitoring 
and 
Surveillance 
(EHRMS) 

 Guidance 
Document 

 Medical screening 
 Registry 

 User defined  Identification of 
responders for 
medical referral and 
enrollment in  long-
term health 
surveillance program  

 
Table 3.  Comparison of Federal First Responder Surveillance Systems 
 

National Poison Data System (NPDS) 

The National Poison Data System (NPDS) is a national, near-real-time surveillance 

system that improves situational awareness of chemical and poison exposures and is the 

successor to the Toxic Exposure Surveillance System (TESS).  It is maintained by the American 

Association of Poison Control Centers (AAPCC).  All active United States’ Poison Control 

Centers upload case data automatically to NPDS.  The near-real-time uploading of data and 

access by poison center staff makes possible both spatial and temporal case volume and case-

based surveillance (Gummin et al., 2018). 

Outputs and General Practical Application:  Detection of an event by NPDS depends on 

either a grouping of exposures or illness occurring together spatially or temporally.  Surveillance 

definitions can be created to monitor a variety of parameters (i.e., volume; case based; on any 

desired substance or commercial product in a products database; and/or set of clinical effects or 
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other parameters).  Surveillance definitions can be constructed using volume or case-based 

definitions with a variety of mathematical options and historical baseline periods from 1 to 14 

years.  Analysis can be based on incoming call or data volume alert, total call volume, human 

exposure call volume, animal exposure call volume, information call volume, clinical effects 

volume (signs and symptoms, or laboratory abnormalities), and case-based surveillance 

definitions using various NPDS data fields.  These can be linked in Boolean expressions, 

substance, clinical effects, chemical species, medical outcome, and others to provide a user 

defined output.  A products database containing over 427,000 entries, ranging from viral and 

bacterial agents to commercial chemical and drug products, can be accessed by poison center 

operators to inform on specific inquiries.   

First Responder Population Relevance and Data Examples: NPDS is the only federal 

surveillance system that can provide near-real time information about chemical or poison 

exposures and their associated illnesses in response to an event (Wolkin, Martin, Law, Schier, & 

Bronstein, 2012).  This is critical to maintaining situational awareness during and after a public 

health event. The near-real-time upload and analysis of data can inform on injuries in progress to 

post-exposure medical information.  NPDS does not currently stratify exposure information by 

occupation; however, data for first responders can be accessed from indirect data inquiries.  Data 

examples of relevance that can be searched for, as presented by Gummin et al. (2018), are: 

informational contacts with poison centers, exposure cases logged at poison centers, age and 

gender distributions, caller site and exposure site, reason for exposure, scenarios, reason by age, 

route of exposure, clinical effects, medical outcome, and decontamination procedures and 

specific antidote.  An example of application to first responders would be a poison center 
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accessing logged surveillance data on previous exposure circumstances and cases to determine 

appropriate decontamination methods and antidotes. 

 National Toxic Substance Incidents Program (NTSIP) 

The Agency for Toxic Substances and Disease Registry (ATSDR) introduced the 

National Toxic Substance Incidents Program (NTSIP) on January 2010, and NTSIP has been 

federally unfunded since 2014.  NTSIP was an acute chemical incident surveillance program that 

collected and combined information from various sources to protect populations from harm 

caused by acute toxic substance releases. The overall purpose was to increase the accuracy of 

chemical release information and proactively use these data to prevent related adverse health 

effects.  From 2013-2014, eight states participated in the program.  This system is provided for 

comparison here because it directly addressed the first responder population and, in at least one 

state, North Carolina, some elements of this system are currently in use. 

Outputs and General Practical Application:  States participating in the program reported 

acute chemical releases occurring in their states to NTSIP through a web-based data portal.  

Chemical event information gathered and reported by the states included the location of the 

incident, evacuation details, number of injured people, adverse health effects experienced by 

those injured or exposed, and personal protective equipment (PPE) used by responders.  The data 

were used with other national data on chemical incidents to develop national incident estimates.  

These data and estimates were used to prevent or reduce morbidity and mortality caused by 

chemical releases and to assist NTSIP in proactively planning responses to future chemical 

incidents (ATSDR, 2014). 

First Responder Population Relevance and Data Examples:  First responder-specific data 

could be extracted from this system as illustrated in the 2013-2014 NTSIP report in Figure 3.  
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One data element gathered was the category of injured people.  Injured people were further 

categorized into a victim category (Figure 3).  From the 2013-2014 report, the public, consisting 

of both the general public and students at school, accounted for almost half of all injured persons 

(48.3%).  Other victim categories included employees (39.3%) and responders, including 

hospital personnel (6.8%) (ATSDR, 2014).   

 
Figure 3:  First responder injuries as reported by NTSIP 2013-2014 Final Report (ATSDR, 2014) 

 
Emergency Responder Health Monitoring and Surveillance 

The Emergency Responder Health Monitoring and Surveillance (ERHMS) is a guidance 

document providing a health monitoring and surveillance framework and specific 

recommendations and tools for all phases of a response, including the pre-deployment, 

deployment, and post-deployment phases.  According to this document, the intent of medical 

monitoring and surveillance is to identify exposures and/or signs and symptoms early in the 

course of an emergency response in order to prevent or mitigate adverse physical and 

psychological outcomes and to ensure workers maintain their ability to respond effectively and 
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are not harmed in the course of this response work.  Monitoring and ongoing assessment may 

help determine whether the provision of protective measures is adequate and whether the 

measures are enough to prevent or reduce harmful exposures to workers (NIOSH EHRMS, 

2013). Data collected during the pre-, during-, and post-deployment phases also help to identify 

which responders would benefit from medical referral and possible enrollment in a long-term 

health surveillance program.   

Outputs and General Practical Application:  Based on the guidance document, the 

monitoring of the first responder population includes acquisition of injury and illness data from a 

variety of sources, including safety records, on-site medical facilities, state and local emergency 

departments and clinics, and federal medical resources assigned to the event.  A ERHMS Unit 

will compile and assess available data regarding injuries and illnesses that occur to responders 

over the course of the response, as well any health monitoring data available for those responders 

whose health and safety are being closely monitored. (NIOSH EHRMS, 2012). 

First Responder Population Relevance and Data Examples:   This guidance document is 

directly relevant to first responders.  Guidance from this document was used for the first time to 

capture prospective medical monitoring activities of responders to the 2010 oil drilling 

rig Deepwater Horizon.  It was the first time a prospective, centralized roster of workers was 

produced for an event of this magnitude.  NIOSH developed this roster with the following 

objectives: (1) to create a record of those who participated in the Deepwater Horizon response 

cleanup activities, (2) to collect information on the nature of their projected work assignments 

and training received, and (3) to create a mechanism for contacting them about possible work-

related symptoms of illness or injury, as needed (Funk, Groenewold, & Laber, 2011).  
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Discussion 

 A search of peer-reviewed literature did not result in the identification of any first 

responder acute chemical exposure surveillance systems at the state level and only one at the 

federal level.  Two additional federal level systems were identified during a gray literature 

search.  Further research into gray literature resulted in no further state systems.  This supports 

the NASEM (2018) conclusion that “[a] key component that is largely missing from [United 

States] occupational safety and health surveillance is collection and analysis of data on 

occupational hazards and exposures.” 

In the absence of any state-level systems, OHIs collected through state-based surveillance 

systems were analyzed to draw a conclusion as to what degree state-based general public health 

surveillance systems included measures and data sources relevant to the first responder 

population.  Twenty-eight states used one or more of these OHIs in their state-based public 

health surveillance systems.  Eleven of the 24 OHIs collected were deemed to be relevant to first 

responders; however, it could not be determined how many relevant OHI were used by each state 

as reporting lacked enough detail.  From this analysis, it can be concluded that first responder 

relevant data and OHIs are integrated into state-based public health surveillance systems, but not 

reported in enough detail as to draw conclusions regarding the first responder population 

exposure and health. In the future, the 11 relevant OHIs could be included in the design of a first 

responder-specific system. 

 The three federal level systems identified varied by type, analysis, inputs, outputs, and 

relevance to the first responder population.  The NPDS had significant relevance to exposure 

prevention by providing situational awareness in near-real time for current incidents but had the 

disadvantage of not directly providing data on the first responder population.  NTSIP had the 
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advantage of providing information on the first responder population, but only in the form of 

annual reports.  Furthermore, NTSIP is currently unfunded.  EHRMS does not exist as a 

surveillance system but provides guidance to develop incident specific forms of first responder 

exposure surveillance.   

As this review has shown, surveillance systems and data for first responder acute 

exposure surveillance are fragmented and uncoordinated at all levels.  Data sets rich in relevant 

exposure information are available; however, accessibility of responder-specific information is 

limited. The findings suggest a need for a surveillance framework to address the data collection, 

analysis, and ultimate prevention of first responder exposures and associated illness.  To that 

end, combining Thacker et al.’s (2012) public health surveillance conceptual model and Houser 

et al.’s (2004) data sources of occupational hazards, injuries, and illnesses, including those 

corresponding to emergency responders, yields an overall conceptual model that can be 

organized by relevant CSTE OHIs (Figure 4). 

   

Figure 4.  Conceptual framework for public health surveillance combining the Thacker et al. (2012) model for 
public health surveillance and Houser et al.’s (2004) data sources to inform first responder acute exposure 
surveillance.  
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Conclusions 

Both white and gray literature searches were conducted to understand existing 

surveillance systems and to formulate recommendations for first responder acute chemical 

exposure surveillance design.  No consistent surveillance system design could be determined 

from the search.  Nor was an adequate state or federal surveillance system identified to 

understand acute chemical exposures among first responders.  However, a conceptual model for 

public health surveillance systems, a recommended set of data inputs, and relevant occupational 

health indicators were determined.  These were combined into a framework to inform first 

responder acute chemical exposure surveillance design.  
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