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Changes for Version 4: October 2019

New Goals
Four goals were added to specifically address Total Worker Health® within the Healthy Work Design and
Well-Being Cross-Sector.

e CONXHWD 7.11 (See pg. 163)
e HCSAXHWD 7.12 (See pg. 168)
e PSSxHWD 7.14 (See pg. 177)
e SRVXHWD 7.15 (See pg. 183)

Three goals were added to address the opioid overdose epidemic, specifically prescription drug (incl.
opioids), illicit drug, and substance use/misuse.

e CONXTIP 6.19 (See pg. 127)
e PSSXTIP 6.20 (See pg. 146)
e OGEXHWD 7.13 (See pg. 174)

Finally, one goal was added in response to gaps identified by the Respiratory Health Program on mixed
exposures.

e SRVxXRHP 5.13 (See pg. 117)

Revisions to goals
The burden and need narratives for several goals were lightly revised to address one of the
recommendations made by an expert panel that reviewed the Construction Program:

e CONxHLP 2.1 - Engineering controls to reduce noise exposure (See pg. 41)

o CONXHLP 2.2 - Hearing loss prevention education for employers and workers (See pg. 42)
e CONxMUS 4.2 — MSD interventions (See pg. 76)

e CONxRHP 5.2 — Exposures to mineral dusts (See pg. 94)

e CONxRHP 5.3 — Mixed exposures (See pg. 96)

e CONXTIP 6.2 —Falls (See pg. 123)

e CONXTIP 6.3 - Injuries related to emerging technologies (e.g., robots) (See pg. 125)

e CONxHWD 7.1 — Non-standard work arrangements (See pg. 161)

The following goals have been revised to highlight research needs around prescription drug (incl.
opioids), illicit drug, and substance use/misuse:

e CONxMUS 4.2 — MSD interventions (See pg. 76)

o  MINXMUS 4.4 — MSD risk factors (See pg. 84)

e PSSxTIP 6.12 — Violence (See pg. 145)

e TWUXTIP 6.14 — Transportation incidents (See pg. 152)

e CONxHWD 7.1 — MSD interventions (See pg. 161)

e PSSxHWD 7.4 — Work organization (See pg. 176)

HTML version is available at https://www.cdc.gov/niosh/about/strategicplan/ 6


https://www.cdc.gov/niosh/programs/review/default.html
https://www.cdc.gov/niosh/programs/review/default.html

Introduction

The National Institute for Occupational Safety and Health (NIOSH) studies occupational safety and
health through scientific research. The Institute then transforms its research into cost-effective, global
work practices. The Occupational Safety and Health Act of 1970 established NIOSH and it is now part of
the Centers for Disease Control and Prevention in the U.S. Department of Health and Human Services.
NIOSH works with public and private sectors to make work safer, healthier, and more productive for
workers, employers, and the nation.

The NIOSH Strategic Plan reports research and service goals for fiscal years 2019-2023. These goals
address a broad range of occupational health and safety hazards, affecting an ever-changing workforce.
Jobs in the U.S. economy continue to shift from manufacturing to services. Longer hours, compressed
workweeks, an aging workforce, reduced job security, and part-time and temporary work have also
changed the workforce. These changes represents a major challenge for NIOSH as it manages limited
resources to address its research portfolio priorities.

The NIOSH Strategic Plan introduces strategic, intermediate, and activity goals that guide occupational
health and safety research priorities and service work. NIOSH’s unique portfolio of research programs

includes sector, cross-sector, and core and specialty research programs. These programs perform
research that covers a wide range of activities, from basic to applied research. Service work covers non-
research work that supports NIOSH’s mission or fulfills a legislative mandate. Service work can also
support research work within NIOSH and outside with external partners. For example, the Surveillance
Program provides data and analysis as a service to both NIOSH’s programs and to external partners,
while the Health Hazard Evaluation Program provides an external service. NIOSH awards funding priority
to outside researchers conducting extramural projects that address the research goals identified in the
NIOSH Strategic Plan. NIOSH will also lead new intramural projects to address the goals stated within
this plan.

NIOSH recognizes that new issues may emerge or become more important during the five-year plan.
Goals may be retired because they have been achieved. Priorities may shift in response to changing
conditions. NIOSH will add or remove issues based on current or anticipated burden, need, and impact
and allocate resources to address these changes.

The next section explains how NIOSH develops and organizes its research goals and the section after
that focuses on how NIOSH develops and organizes service goals.

Part I: Research Goals

NIOSH’s sectors, cross-sectors, and core and specialty programs share research goals to promote
collaboration, avoid duplicative efforts, and maximize impact.
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NIOSH Research Programs

NIOSH organizes its research into sector and cross-sector programs based on the framework provided by
the National Occupational Research Agenda (NORA). Stewarded by NIOSH, NORA is a public-private
partnership program that aims to stimulate innovative research and improve workplace practices

stewarded by NIOSH. Now in its third decade, NORA is comprised of 17 councils that bring together
diverse stakeholders. These stakeholders meet to develop a research agenda for the nation in industry
sectors on crosscutting health and safety issues. NIOSH also has core and specialty programs that that
represent core activities, mandates, special emphasis areas, and methodological approaches. .

Burden, Need and Impact

NIOSH determines research priorities based on the Burden, Need, and Impact Method (BNI Method).
Burden is a measure of the health and safety or economic or potential economic burden of workplace

risks and hazards. Need describes the knowledge gap the proposed research will close and considers the
comparative advantage that NIOSH with its unique resources has over other organizations. Need also
considers the stakeholders’ occupational research priorities. Impact is the assessment of how individual
research projects are likely to address Burden and Need. When identifying research priorities, the plan
excludes impact from the BNI equation. NIOSH assesses the impact of each individual research project
after identifying the broader research priorities.

Goal Hierarchy

The NIOSH Strategic Plan has three hierarchies of goals: Strategic, intermediate and activity goals.
Strategic goals are broad in scope and based on health and safety outcomes identified by NIOSH’s
portfolio of research programs. Intermediate goals flow from strategic goals, and activity goals flow
from intermediate ones. Figure 1 provides a description for each goal level.

Strategic Goal Desired change in work-related illness, injuries, or fatalities.

Intermediate Goal Actions organizations and individuals should take using NIOSH research findings
or products to contribute to stated strategic goals.

Activity Goal A research activity that moves the research through the research to practice
(r2p) continuum. NIOSH organizes its research into four categories: 1)
basic/etiologic, 2) intervention, 3) translation and 4) surveillance research.

Figure 1. Goal Definitions
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Goal Development Process

NIOSH sector and cross-sector programs reviewed the NORA draft objectives to decide which objectives
or parts of objectives it is well suited to take on. Programs considered additional factors, such as
mandates from congress and the executive branch, stakeholder input from other sources, innovative
ideas, and emerging issues.

Strategic Goals
Representing the health and safety issues facing the U.S. workforce, NIOSH established seven strategic
goals:
1. Reduce occupational cancer, cardiovascular disease, adverse reproductive outcomes, and other
chronic diseases.
Reduce occupational hearing loss.
Reduce occupational immune, infectious, and dermal disease.
Reduce occupational musculoskeletal disorders.
Reduce occupational respiratory disease.
Improve workplace safety to reduce traumatic injuries.

NouvswbN

Promote safe and healthy work design and well-being.

Intermediate Goals

Only with the assistance of its partners can NIOSH improve occupational safety and health. Thus,
intermediate research goals specify desired actions on the part of external stakeholders using NIOSH
research findings and outputs. Achieving an intermediate goal often takes years and the combined effort
of multiple research projects. The process unfolds as scientific research progresses from basic to applied
research, to its translation and adoption.

Intermediate goals in this plan were developed through a series of facilitated meetings among sector,
cross-sector, and core and specialty program representatives. Programs identified priority areas using
the BNI Method criteria listed in Appendix A, weighting burden and need equally, omitting impact as
mentioned.

NIOSH’s portfolio of research programs uses a grid of sectors and cross-sectors, infused with core and

specialty programs. Intermediate goals are shared by sector, cross-sector, and relevant core and
specialty programs. Each goal fits within one cell of the NIOSH Program Grid as illustrated in Figure 2.
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Cross-sectors: Cancer, Hearing Loss Immune, Musculoskeletal Respiratory Traumatic Healthy Work
Reproductive, Prevention Infectious and  Health Health Injury Design and
Cardiovascular Dermal Prevention Well-Being
and Other Disease
Chronic Prevention
Disease Prev.

Agriculture, Forestry

and Fishing

Healthcare and
Social Assistance
Manufacturing
Oil and Gas
Extraction

Public Safety

Transportation,
Warehousing and
Utilities

Wholesale and
Retail Trade

Figure 2. The NIOSH Program Grid
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Within each cell, there are up to four intermediate goals. A table and short narrative describing burden and
need accompany each intermediate goal. This information guides researchers to high priority areas, while
allowing flexibility for new ideas. See Figure 3 for an illustration of the intermediate goal table. An explanation
for each column follows.

Health Outcome Worker Population Research Type

Figure 3. Intermediate goal table

Health outcome - Health outcomes are reductions in illnesses, injuries and fatalities, as well as improvements
to health and well-being. Intermediate goals sometimes encompass more than one health outcome, so this
column provides greater specificity. For example, a goal to reduce a workplace hazardous exposure might
contribute to reducing both cancer and adverse reproductive outcomes.

Research Focus — This column identifies the problems that programs want to solve. For example, a research
focus can be a hazardous exposure that contributes to an illness or injury; an aspect of the organization of work;
a risk factor for injuries, illnesses, or decreased well-being; or a type of injury.

Worker population — The worker populations with the greatest burden include either workers in a specific job
or setting, or workers with a specific hazardous exposure. In some cases, additional worker populations
experience a high burden because of the changing nature of work and employment arrangements.

NIOSH has developed the following taxonomy for work arrangements.!

e Standard work arrangement - An arrangement that is secure or permanent (career). These workers
have employee status, stable and adequate pay, access to health insurance, paid leave and retirement
benefits, a regular, full-time work schedule, and the ability to negotiate their schedule and take time off.

e Non-standard work arrangement - An arrangement that differs in some way from the standard
arrangement.

e (Contingent workers - Those with a job that they do not expect to last (see alternative definitions used
by the Bureau of Labor Statistics (BLS) with the Contingent Work Survey?).

e Precarious employment - Employment with some degree of the following: insecurity, temporariness,
vulnerability to unfair treatment, lack of ability to negotiate pay, benefits, and work schedule, lack of
ability to take leave, and lack of social safety net including unemployment and workers’ compensation
insurance.

Work arrangement categories are not mutually exclusive. For example, some workers in standard arrangements
may experience unfair treatment, a characteristic of precarious employment.

! Bushnell T, Scharf T, Alterman T, Cummings KJ, Luckhaupt SE, Ray TK, Rosa RR, Su CP [2017]. Developing a Taxonomy of
Work Arrangements to Examine Relationships with Worker Safety, Health, and Well-Being. Poster presented at Work,
Stress and Health 2017, Minneapolis, MN, June 8, http://www.apa.org/wsh/preliminary-program.pdf

2 BLS [2005] Contingent and alternative employment arrangements. Washington DC: U.S. Department of Labor, Bureau of

Labor Statistics, https://www.bls.gov/news.release/pdf/conemp.pdf
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The intermediate goal tables refer to two other worker populations:

Vulnerable workers - Different factors can make some workers more vulnerable than others to
workplace illness or injury. These differences include factors, such as age, race/ethnicity, class, nativity,
gender, English language skills, and disability status; economic trends, such as growth of the temporary
workforce; and organizational factors, such as business size. Vulnerable workers have increased rates of
work-related injuries and illnesses.

Small businesses - For most occupational safety and health research purposes, NIOSH considers small
businesses as having fewer than 50 employees. Smaller businesses often have fewer resources to
devote to occupational safety and health because they face a riskier economic environment and have
greater financial limitations than larger businesses.

Young worker — NIOSH defines young workers as those between the ages of 15 and 24. Federal and
state child labor laws, which regulate the employment of minors, are tied to the Fair Labor Standards
Act (FLSA) of 1938 ("Fair Labor Standards Act," 1938). The FLSA limits the types of jobs youths aged 14 to
17 years are allowed to perform, the number of hours they may work, and the timing of these hours.
However, national injury and fatality data usually do not include youth under age 15.

Older workers- There is no consensus on the definition of “older worker.” Generally, in the United
States, research efforts tend to focus on the age group 55 years or older. But other age thresholds are
sometimes used, such as 50 years or older (AARP) and 40 years or older (Age Discrimination
Employment Act of 1967). However, it is important to acknowledge that chronological age, by itself, is
not always a strong predictor of workplace outcomes, and that aging is a complex process influenced by
many factors. As a result, there can be great individual variability in the work ability and occupational
safety and health outcomes among older workers. Therefore, researchers should be aware that it might
be of more value to think about a worker’s lifespan and not an absolute chronological age at which all
workers can be considered “older.”

Research Type — NIOSH has adopted an organizing framework comprised of four types of research. The

framework avoids duplicating existing knowledge and maximizes impact by moving research along a continuum

from basic to applied research, to the translation of research into practice.

Basic/etiologic: Builds a foundation of scientific knowledge to base future interventions. Most
laboratory research falls into this category, as well as exposure assessment.

Intervention: Engages in the development, testing, or evaluation of a solution to an occupational safety
and health problem or the improvement of an existing intervention. Intervention is a broad term that
includes engineering controls, personal protective equipment, training, and fact sheets, and other
written materials intended to inform and change behavior, among other occupational safety and health
solutions.

Translation: Discovers strategies to translate research findings and theoretical knowledge to practices
or technologies in the workplace. This type of research seeks to understand why available, effective,
evidence-based interventions are not being adopted.

Surveillance: Develops new surveillance methods, tools, and analytical techniques. NIOSH covers a
broader type of surveillance, illness and injury surveillance, in the service goals of the NIOSH Strategic
Plan.
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Activity Goals

Activity goals describe which of the four types of research will move goals along the research to practice (r2p)
continuum. Activity goals identify the type of research that will address strategic and intermediate goals. Each
activity goal includes the types of research, the health outcome, and the sector in which the research will be
undertaken.

Part II: Service Goals

Service activities contribute to the NIOSH mission by providing a service to individuals and organizations outside
of NIOSH, support internally to NIOSH staff, or a combination of the two. Some services are mandated by law.
Services can support a single sector or cross-sector (e.g. the Coal Worker’s Health Surveillance Program benefits
the mining sector), while others are crosscutting (e.g. FACE investigates fatalities in a wide range of industries
with a variety of causes). NIOSH provides the following service work:

e Respirator approvals

e Health Hazard Evaluations

e Radiation dose reconstruction

e Emergency preparedness and response activities, except Disaster Science Responder Research (DSRR)
activities

¢ Global collaborations

e Coal Worker’s Health Surveillance Program activities

e B-Reader certification

e Spirometry

e MINER Act activities

¢ Fatality Assessment and Control Evaluation (FACE) activities

¢ Fire Fighter Fatality Investigation and Prevention (FFFIP) activities

¢ Injury and illness surveillance (but not surveillance research)

¢ Information and dissemination activities, including the NIOSH website and NIOSHTIC-2 publications
database

Goal Hierarchy

Service goals are also hierarchical. Intermediate goals flow from strategic goals, and activity goals flow from
intermediate goals. Unlike research goals, service goals are not mapped into the NIOSH Program Grid. Service
goals are carried out through entirely different processes.

Goal Development Process
Service activities developed goals based on what they anticipate will be their most important activities over the
next five years. Service goals emphasize improving the quality, timeliness and relevance of service work.

Strategic Goals
Service activities use the same strategic goals as research programs:
1. Reduce occupational cancer, cardiovascular disease, adverse reproductive outcomes, and other chronic
diseases.
Reduce occupational hearing loss.
Reduce occupational immune, infectious, and dermal disease.
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Reduce occupational musculoskeletal disorders.
Reduce occupational respiratory disease.

Improve workplace safety to reduce traumatic injuries.
Promote safe and healthy work design and well-being.

No w s

Intermediate Goals
Intermediate goals identify improvements and maintenance of service activities that allow organizations or

individuals to take action more easily or quickly. In some cases, NIOSH’s stakeholders are able to take direct
action to improve occupational safety and health, such as the employers who receive HHE reports. In other
instances, service is less direct. For example, the NIOSH web team might provide support to NIOSH staff, who
are then able to post new information online that will help external stakeholders take action.

Intermediate goals can support more than one strategic goal. Focused service activities may flow from only one
strategic goal, but others might support a broad range of occupational safety and health activities and flow from

several strategic goals, or even all seven.

Activity Goals
Activity goals are statements of activities that improve or maintain the timeliness, relevance, and quality of
services. If improvements are not possible, programs establish goals around maintaining high quality service

functions.
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Part I. Research

Strategic Goal 1: Reduce occupational cancer, cardiovascular
disease, adverse reproductive outcomes and other chronic diseases.

Agriculture Forestry and Fishing/Cancer, Reproductive, Cardiovascular

Disease and Other Chronic Disease Prevention (AFFxCRC)
Participating core and specialty programs: Authoritative Recommendations, Exposure Assessment, Occupational
Health Equity, and Translation Research.

Intermediate goal 1.1 (Pesticide Exposure and Neurologic Disorders):
Government agencies, employers, non-governmental organizations, workers, and researchers use NIOSH
information to prevent neurologic disorders related to pesticide exposure among agricultural workers.

NOTE: Goals in bold in the table below are priorities for extramural research

- Health Outcome Worker population* Research Type

A | Neurologic Health effects of chronic Agriculture and forestry Basic/etiologic
disorders pesticide exposure at subsectors; migrant Surveillance research
varying levels workers, older workers and
other vulnerable worker
populations
B | Neurologic Exposure assessment and Agriculture and forestry Basic/etiologic
disorders new tools (esp. rapid subsectors
assessment tools)
C Neurologic Interventions (e.g., training  Agriculture and forestry Intervention
disorders programs, product subsectors, vulnerable
substitution testing) workers
D Neurologic Effective implementation Agriculture and forestry Translation
disorders strategies subsectors, vulnerable
workers

*See definitions of worker populations

Activity Goal 1.1.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand the

relationship between chronic pesticide exposure and neurologic disorders among agriculture and
forestry workers.

Activity Goal 1.1.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of

interventions to reduce neurologic disorders from pesticide exposure among agriculture and forestry
workers.

Activity Goal 1.1.3 (Translation Research): Conduct translation research to understand barriers and aids

to implementing effective interventions to reduce neurologic disorders from pesticide exposure among
agriculture and forestry workers.
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Burden

Agricultural workers are one of the major occupational groups exposed to pesticides [MacFarlane et al. 2013].
Pesticides are used extensively throughout the U.S., where more than 18,000 products are licensed for use [EPA
2002]. About 1.1 billion pounds of pesticides are used annually in the U.S., and widespread use results in
pervasive occupational exposure [EPA 2011]. Every year physicians diagnose 10,000-20,000 pesticide poisonings
among the estimated 2 million U.S. agricultural workers [EPA 1992].

Many pesticides have been studied for occupational effects, including organophosphate insecticides, fungicides,
fumigants, and organochlorine and carbamate insecticides. Neurologic toxicity is one of the most prominent
adverse health effects associated with pesticide exposure [Keifer and Firestone 2007]. At least 23 neurologic
symptoms are typically associated with pesticide intoxication [Kamel et al. 2005].

Need

Poisoning by acute high-level exposure to certain pesticides has well-known neurotoxic effects, but occupational
health effects from chronic exposure to more moderate levels of pesticides is an area in need of study. Some
other areas of need may include the role of genetic susceptibility, and more studies of pesticides other than
organophosphates.

Current immediate research needs include basic research to evaluate and characterize potential health effects
of chronic pesticide exposure at different levels, including low levels. Basic research is also needed to develop,
test and apply better exposure assessment tools, including samplers, biomarkers and diagnostic tools to confirm
cases of acute pesticide poisoning. Intervention research is needed to develop and test interventions, programs
or strategies aimed at minimizing or preventing pesticide exposure among farmers. Finally, translation research
to expand the high-quality implementation of evidence-based interventions, programs and strategies would be
beneficial.

Intermediate goal 1.2 (Renal diseases):
Non-governmental organizations, international organizations, and employers use NIOSH information to reduce
renal disease related to occupational exposures among agricultural workers.

|| Health Outcome Worker population Research Type

A  Renal diseases Exposure assessment for Agriculture subsector, Basic/etiologic
chronic kidney disease of Forestry subsector
unknown etiology

B | Renal diseases Pesticide-related Agriculture subsector, Surveillance research
surveillance Forestry subsector

Activity Goal 1.2.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand

chronic kidney disease of unknown etiology among agriculture workers.

Activity Goal 1.2.2 (Surveillance Research): Conduct surveillance research to better understand the

burden of chronic kidney disease among agricultural workers.

Burden
There is currently an epidemic of chronic kidney disease of unknown etiology (CKDu) around the world. Workers
in industries with jobs that occur outdoors and with a high work load, such as agriculture, seem to be the most
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affected [Valcke et al. 2017]. Among agricultural industries, workers in sugarcane cultivation appear to have
garnered more attention. Currently it is unclear what causes CKDu, however heat stress and exposure to
pesticides are thought to be possible contributors.

Potential sources of hazardous chemicals in agriculture include pesticides, fertilizers, organic solvents, metals,
sterilization compounds, gasses from confined animal wastes and silos, and plant residues [Keifer et al. 2010].
Farmers and farm workers are exposed to high levels of pesticides during the preparation and application of
pesticide spray solutions, and while cleaning the spraying equipment [Damalas and Koutroubas 2016]. Exposure
to pesticides may lead to acute poisonings, as well as chronic adverse health effects from long term, low-level
exposure [Damalas and Koutroubas 2016]. During 2007-2011, 2,606 total cases (0.9/100,000) and 833 cases in
agriculture (18.6/100,000) of acute occupational pesticide-related illness and injury were identified in 12 states;
most affected were those exposed to insecticides or herbicides [Damalas 2016]. Additional studies suggest that
farmworkers and their families may face higher levels of agricultural pesticide exposure in their homes
[Trunnelle et al. 2013, 2014; Sugeng 2016].

Herbicide application for utility line clearance and other vegetation control tasks is common in forestry [Green
1991]. However, there is limited literature on the magnitude and distribution of chemical exposures and
associated adverse health effects among forestry workers. Low levels of certain pesticides have been found on
seedlings and on the skin of Canadian tree planters, coupled with evidence of increased exposure potential due
to poor hygiene conditions [Gorman et al. 2011].

Need

Most of the NIOSH-funded Agricultural Safety and Health Centers (Ag Centers) have been involved in research
that address pesticide exposure. These centers have already established partners and facilities, and developed
methods to approach research in this area. Prior research has led to additional research questions involving new
technologies and procedures to develop and use pesticides/herbicides for agricultural use. NIOSH has also
developed a network of partners through the SENSOR pesticide surveillance initiative to provide pesticide
surveillance in cooperating states. This network can be tapped by researchers to continue work in this area.
Additional surveillance needs include acute occupational pesticide-related illness and injury surveillance through
SENSOR to determine the magnitude and underlying causes of over-exposure to pesticides in the workplace.

References
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63(55):11-16.
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Healthcare and Social Assistance/Cancer, Reproductive, Cardiovascular

Disease and Other Chronic Disease Prevention (HSAxCRC)
Participating core and specialty programs: Authoritative Recommendations, Engineering Controls, National
Center for Productive Aging and Work, and Personal Protective Technology.

Intermediate Goal 1.3 (Adverse Reproductive Outcomes):
Employers, workers and manufacturers use NIOSH information to reduce hazardous exposures that contribute
to cancer and adverse reproductive outcomes among healthcare and social assistance workers.

NOTE: Goals in bold in the table below are priorities for extramural research
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- Health Outcome _ Target population Research needed

Cancers,
Adverse
reproductive
outcomes

B | Cancers,
Adverse
reproductive
outcomes

C | Cancers (also
infectious diseases)

D | Adverse
reproductive
outcomes, Cancers

E | Cancers, Adverse
reproductive
outcomes

F Cancers

Development of closed
drug transfer systems

Development of exposure
controls, including local
exhaust ventilation for
hazardous drugs

Development of exposure
controls, including local
exhaust for surgical smoke
Development of exposure
controls, including local
exhaust for waste
anesthetic gases

Adherence to Safe
Handling of Hazardous
Drug Guidance

Development of exposure
assessment tools for
assessing environments and
for hazard surveillance

Management, medical
workers who handle
hazardous drugs (includes
human and veterinary)
Management and workers
in inpatient and outpatient
clinics where hazardous
drugs are administered
(includes human and
veterinary)

Human surgical, human
outpatient, veterinary work
settings

Management and workers
administering anesthetic
gases or caring for patients
recovering from anesthetic
gas administration,
especially recovery room
nurses (includes human and
veterinary)

Range of work settings,
such as: pharmacy,
outpatient clinics,
veterinary medicine
Nurses, others with
potential carcinogenic
exposures (includes human
and veterinary)

Intervention

Intervention

Intervention

Intervention

Intervention
Translation

Basic/etiologic

Surveillance research

Activity Goal 1.3.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better assess

relationships between level of exposure and risk for cancers and adverse reproductive outcomes in
healthcare and social assistance.

Activity Goal 1.3.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of

interventions to prevent exposures to hazardous drugs and other chemicals linked to cancers and
adverse reproductive outcomes among healthcare and social assistance workers.

Activity Goal 1.3.3 (Translation Research): Conduct translation research to understand barriers and aids

to implementing best practices for the safe handling of hazardous drugs and other chemicals linked to
cancers and adverse reproductive outcomes among healthcare and social assistance workers.

Activity Goal 1.3.4 (Surveillance Research): Conduct surveillance research to develop new tools and

methods for assessing the burden of work-related exposures to carcinogens among healthcare and
social assistance workers.
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Burden

Human and animal healthcare workers are routinely exposed to hazardous drugs and other chemicals. NIOSH
estimates that about 8 million healthcare workers in a wide range of occupations (e.g., pharmacists, nurses,
physicians, veterinarians, and workers in environmental, laundry or waste handling services) are potentially
exposed to hazardous drugs [NIOSH 2016]. Exposure to antineoplastic or chemotherapy drugs have been linked
to multiple health effects ranging from skin rashes and asthma to adverse reproductive outcomes, as well as
leukemia and other cancers [Lawson et al. 2012; Skov et al. 1992]. Other chemicals commonly found in
healthcare settings include cleaning and disinfecting (C&D) agents, high level disinfectants (HLDs), anesthetic
gases, surgical smoke, aerosolized medications, and chemical sterilants including ethylene oxide [Casey et al.
2017; Saito et al. 2015; Steege et al. 2014]. Exposure to these substances have been linked to adverse
reproductive effects and cancer and other health effects.

Need

Efforts to translate research into practice by identifying and disseminating best practices to reduce chemical
exposures are needed where mature best practices already exist, such as for hazardous drugs. Research to
develop interventions to reduce exposures to chemical hazards and to demonstrate the effectiveness of
interventions are needed in areas where there are gaps, such as for controlling exposures to waste anesthetic
gases. Surveillance and basic/etiologic research continues to be important in order to document the burden and
magnitude of work-related exposures and assess relationships between exposures and other risk factors with
adverse health outcomes. Unless new sources of information become available, repeat discrete studies over
time will be needed to track progress in applying prevention measures and the success of those measures.

Intermediate Goal 1.4 (Work Organization and Cancer, CVD):
Employers and workers use NIOSH information to mitigate the effects of work organization to help prevent
cancer and cardiovascular disease among healthcare and social assistance workers.

- Health Outcome _ Worker population Research needed

Cancers, Work-related stress, Nurses, certain types of Basic/etiologic
Cardiovascular anxiety, depression, fatigue = physicians, home health
disease as a result of suboptimal care workers,
work organization environmental services
workers,
veterinary/animal care
workers

Activity Goal 1.4.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand the

relationship between work organization and cancers, and work organization and cardiovascular disease,
in healthcare and social assistance.

Burden

Work in Healthcare (human and animal) and Social Assistance is often associated with high levels of stress
resulting in multiple adverse health outcomes. The American Nurses Association surveyed its members in 2011
and found that 74% of respondents had concerns about the effects of stress and overwork. This survey also
found that 53% of nurses worked some mandatory or unplanned overtime each month [ANA 2011]. In one
survey of veterinary personnel, 35% consider their job dangerous, 34% reported adverse effects from workplace
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stress, and 42% of veterinarians experienced or witnessed workplace abuse [Fowler et al. 2016]. Psychological
stress is associated with adverse cardiovascular health outcomes [Lagraauw et al. 2015]. Risks of long shift work
include reduced job performance on the job, obesity, injuries, and a wide range of chronic diseases [Caruso
2014]. Five or more years of rotating nightshift work is associated with an increased risk of coronary heart
disease [Vetter et al. 2016]. The International Agency for Research on Cancer considers shift work with circadian
rhythm disruption as a carcinogen [Straif 2007].

Need

Little is known about the biologic link between shift work and cancer or cardiovascular disease. Similarly, the link
between work-related stress, anxiety, depression, fatigue and adverse health outcomes such as cardiovascular
disease needs to be better understood. Research to quantify these risk factors, document exposure-response
relationships, and better define mechanisms for causation of adverse health outcomes by these risk factors is
needed.
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Manufacturing/Cancer, Reproductive, Cardiovascular Disease and Other
Chronic Disease Prevention (MNFxCRC)

Participating core and specialty programs: Authoritative Recommendations, Center for Maritime Safety and
Health Studies, Engineering Controls, Exposure Assessment, Nanotechnology Research Center, and Occupational
Health Equity.

Intermediate goal 1.5 (Exposure to carcinogens):

Employers, workers and their representatives, researchers, safety and health professionals, and authoritative
bodies use NIOSH information to prevent exposures to known or suspected carcinogens among manufacturing
workers.

- Health Outcome Worker population Research Type

Cancers, Exposure to nanomaterials = Workers in advanced Basic/etiologic
Cardiovascular (e.g., carbon nanoparticles) = manufacturing, Intervention
disease manufacturers that use or
make nanomaterials
B | Cancers Exposure to welding fumes | Those who perform welding | Basic/etiologic
tasks at work Intervention
C | Cancers Exposure to plasticizers and | Those who make or apply Basic/etiologic
flame retardants plasticizers and flame Intervention
retardants

Activity Goal 1.5.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand

relationship between exposures to high priority agents and cancers among manufacturing workers.

Activity Goal 1.5.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of

interventions to prevent exposures to high priority agents linked to cancers among manufacturing
workers.

Burden
Cancer is a leading cause of death in the U.S. and the world [American Cancer Society 2016]. Based on well-
documented associations between occupational exposures and cancer, researchers have estimated that
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between 2-8% of all cancers worldwide are caused by exposures to carcinogens in the workplace [Driscoll et al.
2005; Rushton et al. 2012; Purdue et al. 2015, Steenland et al. 2003]. Using cancer incidence numbers in the
U.S., this means that in 2013, there were between 31,180 and 124,720 new cancer cases that were caused by
past exposure in the workplace [Rushton et al. 2010]. NIOSH burden data show that the following cancers are an
important source of morbidity among workers in the manufacturing sector: lung and bronchus cancer
(attributable fraction [AF] = 8-11 %); mesothelioma (AF = 1-19 %); leukemia (AF = ~4%); laryngeal cancer (AF = 2-
7 %); and sinonasal and nasopharynx cancer (AF = 41-54%) [Groenewold et al. 2017].

Need

High priority agents for study within the manufacturing sector include nanomaterials (specifically, carbon
nanoparticles) and welding fumes; emerging agents of concern related to occupational cancer among workers in
this sector include plasticizers and flame retardants. Each of these categories of agents includes multiple specific
agents of concern — the type of research needed for the different specific agents will vary depending on the
amount of work that has been performed to this point. For example, among the many types of nanomaterials,
etiologic epidemiologic research would be most appropriate currently only for carbon-based nanomaterials,
while other types of etiologic research (toxicologic, basic exposure) and intervention research is needed for
carbon-based nanomaterials but also for a number of other types of nanomaterials. Information is also needed
on the occupational exposure levels to potentially carcinogenic chemicals that are in new or increased use, such
as flame retardant chemicals and bisphenol A (BPA) and other plasticizers being proposed as substitutions for
BPA. BPA was recently listed as “high priority” for review by the International Agency for Research on Cancer
(IARC 2014), based on anticipated information from toxicology studies. Concomitant occupational exposure
assessment would be very timely for such an assessment.

The need for etiologic and intervention research in the manufacturing sector is justified by: (1) the frequency
with which studies conducted in this sector have contributed information about known human carcinogens (e.g.,
asbestos, benzene, beryllium, ortho-toluidine, vinyl chloride); (2) the fact that the population is relatively stable,
can be documented, and exposures may be concentrated and measurable among this workforce; and (3)
importantly, cancers that occur as a result of exposures in the workplace are preventable, if exposures to known
or suspected carcinogens can be reduced.

Intermediate goal 1.6 (Adverse Reproductive Outcomes):
Employers, workers and their representatives, researchers, safety and health professionals, and authoritative
bodies use NIOSH information to prevent adverse reproductive outcomes among manufacturing workers.

- Health Outcome Worker population Research Type

Adverse Exposure to endocrine Exposed workers (men and | Basic/etiologic
reproductive disrupters (e.g., BPA) women) Intervention
outcomes

B | Adverse Exposure to solvents Exposed workers (men and | Basic/etiologic
reproductive women)
outcomes

C | Adverse Exposure to heavy metals Exposed workers (men and | Basic/etiologic
reproductive women) Intervention
outcomes
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Activity Goal 1.6.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand
relationship between exposures to high priority agents and adverse reproductive outcomes among
manufacturing workers.

Activity Goal 1.6.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of
interventions to prevent exposures to high priority agents linked to adverse reproductive outcomes
among manufacturing workers.

Burden

Adverse reproductive outcomes can affect both men and women and can include infertility, menstrual cycle
changes, pregnancy loss, pregnancy complications, and congenital malformations in offspring. Specifically
concerning one type of adverse reproductive outcome, congenital malformations affect one in every 33 babies
(about 3% of all babies) born in the U.S. each year. While most adverse reproductive outcomes are related to a
number of different etiologic factors, occupational exposures likely play an important and perhaps under-
recognized role. For example, it has been estimated that 3% of major malformations among live births are due
to toxicant exposures, 28% can be attributed to genetic causes, and approximately 23% are attributable to
multifactorial causes, which are complex interactions between genes and environmental factors [CDC 2008,
2017; Macdorman and Gregory 2015; Mathews et al. 2015; Thoma et al. 2013].

Need

Toxicants with reported reproductive and developmental effects are in regular commercial use and thus present
potential exposure to workers. High priority agents to which workers in the manufacturing sector may be
exposed include heavy metals, organic solvents, and the large class of agents characterized as endocrine
disrupters. Bisphenol A (BPA) is an important endocrine disrupter for which basic/etiologic research (as well as
intervention research) is needed. In more general terms, the need for research in the manufacturing sector is
bolstered by the fact that progress has been limited in identifying new reproductive hazards, quantifying their
potencies, and separating the contribution of these hazards from other etiologic factors. The pace of laboratory
studies to identify hazards and to underpin the biologic plausibility of reproductive effects in humans has not
matched the pace at which new chemicals are introduced into commerce.

Intermediate goal 1.7 (Exposure to welding fumes and neurologic disorders):
Employers, workers and their representatives, researchers, safety and health professionals, and authoritative
bodies use NIOSH information to prevent neurologic disorders among manufacturing workers.

|| Health Outcome Worker population Research Type

A | Neurologic Exposure to welding fumes | Those who perform welding = Basic/etiologic
disorders tasks at work Intervention

Activity Goal 1.7.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand

relationship between exposures to welding fumes and neurologic disorders among manufacturing
workers.

Activity Goal 1.7.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of

welding fume interventions to prevent neurologic disorders among manufacturing workers.

HTML version is available at https://www.cdc.gov/niosh/about/strategicplan/ 24



Burden

Neurologic disorders, which may be associated with occupational exposures include neurodegenerative diseases
(such as the motor neuron diseases (MND), Parkinson’s disease (PD), dementias, and multiple sclerosis) and
other conditions such as peripheral neuropathies and chronic toxic encephalopathies. Clinical syndromes
associated with neurotoxicity comprise one of the 10 leading occupational disorders in the U.S., and neurotoxic
effects are the basis for exposure limit criteria for about 40% of the agents considered hazardous by NIOSH
[Pearce and Kromhout 2014]. Welding is a common activity occurring in many industrial sectors but is
particularly common in the manufacturing sector. There is a concern about potential neurological effects
associated with welding, and specifically concerning exposure to manganese in welding fumes [Al-Lozi et al.
2017].

Need

Current knowledge indicates that occupational and environmental exposures cause an uncertain proportion of
most types of neurodegenerative disease. In addition, for some common neurodegenerative diseases (e.g., MND
and PD) the incidence is higher in men than in women, which suggests occupational causes [Pearce and
Kromhout 2014]. However, so far no occupational agent has been identified that is responsible for a significant
number of cases, reflecting the “emerging” nature of the study of occupational neurologic diseases compared to
some other health outcomes. Focused etiologic research could help to ascertain whether workplace exposures
are contributing to this burden.

While it is recognized that prolonged exposure to high manganese concentrations in air may lead to a
Parkinsonian syndrome known as “manganism,” research is mixed concerning neurological and neurobehavioral
deficits occurring when workers are exposed to low levels of manganese in welding fumes over time. Workers
performing welding operations in the manufacturing sector may experience other exposures as well, such as to
lead, iron, carbon monoxide, heat and stress, which can also contribute to neurological impairments. Research
from NIOSH and other researchers can play an important role in furthering our understanding of the etiology
and towards the development and evaluation of control interventions for the prevention of those occupational
health effects.
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Mining/Cancer, Reproductive, Cardiovascular Disease and Other Chronic
Disease Prevention (MINxCRC)

Participating core and specialty programs: Exposure Assessment and Personal Protective Technology.

Intermediate goal 1.8 (Hazardous airborne exposures and cancer):
Industry, academia, and other government agencies use NIOSH information to reduce exposure to hazardous

airborne contaminants to reduce lung cancer and mesothelioma in mining workers.

Health Outcome Research Focus Worker population Research Type
A  Lung cancer, Exposure to elongate Metal/non-metal mines Basic/etiologic
mesothelioma mineral particles (especially
taconite)
B | Lung cancer Exposure to diesel exhaust | Metal/non-metal; coal; Intervention
stone, sand and gravel
mines
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Health Outcome Research Focus Worker population Research Type

C | Lung cancer Develop more accurate and = Metal/non-metal; coal; Basic/etiologic
timely monitoring of stone, sand and gravel Intervention
crystalline silica mines

D | Lungcancer Exposure to crystalline silica | Metal/non-metal; coal; Basic/etiologic

stone, sand and gravel Intervention
mines

E | Lungcancer Exposure assessment for Underground mines Basic/etiologic

known or suspected
carcinogens (e.g., radon)

Activity Goal 1.8.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand

relationship between exposures to hazardous airborne contaminants and lung cancer and mesothelioma
among mining workers.

Activity Goal 1.8.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of

crystalline silica and diesel exposure interventions to reduce exposures to prevent lung cancer among
mining workers.

Burden

Extracting and processing mined materials can result in overexposures to several hazardous airborne
contaminants, including mine dust such as elongate mineral particles (EMP) and crystalline silica dust and diesel
exhaust. Mine Safety and Health Administration (MHSA) compliance data demonstrates overexposures to these
airborne contaminants at rates as high as 24%. In addition, mining environments can be sources of high
exposures to radon gas and its radioactive decay progeny [Daniels and Schubauer-Berigan 2017]. Radon levels
are highest in uranium mines, but are also elevated in other hard-rock mines. The International Agency for
Research on Cancer (IARC) [2017] classifies crystalline silica, diesel engine exhaust and radon as carcinogenic to
humans. In addition, miners suffer from higher rates of lung cancer and mesothelioma than other workers which
can be caused by these agents or asbestos and elongate mineral particles with asbestos-like effects. These
diseases can have a severe impact on affected miners and be disabling or even fatal. A recent study estimates
that 10-23% of lung cancers among miners are likely attributable to their work [Groenewald et al., 2017]. In
2007, a mesothelioma cluster of 58 cases was found in 72,000 former taconite miners who worked in a large
iron range in Minnesota, while the expected occupational mesothelioma rate is much lower at 1 per 200,000
workers [Minnesota Department of Health 2007]. Asbestos has been found in many mines, even where the
product mined was not asbestos; the National Occupational Health Survey of Mining recorded detectable
asbestos in settled dust collected from at least one mine extracting 21 different non-asbestos commodities
[NIOSH 1996]. MSHA sampling data collected (2000-2003) in 123 mines of various commodities showed that at
15% of sampled mines, 8% of personal samples had asbestos fiber concentrations in excess of the OSHA
regulated concentration of 0.1 fibers/cc [OSHA 2005].

Need

There is need for a range of work to reduce the burden of dust, diesel, and radon-related respiratory
malignancies in mining. Basic/etiologic research is needed to improve methods for exposure assessment for
most lung carcinogens in the mining environment. Improvements might include real or near-real time silica
exposure monitoring, improved detection thresholds for silica exposure assessment and better approaches to
characterizing EMP exposures. Exposure assessment research is also needed for radon and other known or
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suspected carcinogens in underground mines. In addition, work is needed to understand the relative toxicities of
various EMP and to improve the ability to predict which EMP will have asbestos-like health effects (see NIOSH
Roadmap 2011). Intervention research is needed to improve engineering controls and document the impact of
interventions on dust exposure levels and associated cancer risk. For diesel-powered equipment, the need is to
reduce hazardous emissions from older engines being used in mines. NIOSH has extensive laboratories for
developing and testing diesel controls, and these facilities are served by a dedicated team with two decades of
experience and worldwide recognition for their diesel expertise. NIOSH also has expertise, partnerships, and
cohorts available to study the association between low-level radon exposure and lung cancer risk.
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Public Safety/Cancer, Reproductive, Cardiovascular Disease and Other

Chronic Disease Prevention (PSSxCRC)

Participating core and specialty programs: Emergency Preparedness and Response, National Center for
Productive Aging and Work, and Personal Protective Technology.

HTML version is available at https://www.cdc.gov/niosh/about/strategicplan/ 28


https://www.cdc.gov/niosh/docs/2011-159/
https://www.cdc.gov/niosh/docs/2011-159/
http://monographs.iarc.fr/ENG/Classification/
https://www.cdc.gov/niosh/docs/2011-159/default.html
https://www.cdc.gov/niosh/docs/96-136/
https://www.leg.state.mn.us/docs/2007/other/070751.pdf

Intermediate goal 1.9 (Exposure to carcinogens):

Management groups, labor organizations, and consensus standard bodies use NIOSH information to prevent
exposures to known or suspected carcinogens among public safety workers.

NOTE: Goals in bold in the table below are priorities for extramural research

Health Outcome Research Focus Worker population Research Type

A | Cancers Exposures during structural | Fire service subsector Basic/etiologic
operations and overhaul
operations

B | Cancers Respiratory protection Fire service subsector Intervention
during over-haul operations

C Cancers Respiratory protection Fire service subsector Translation
during overhaul operations

D | Cancers Exposures from wearing Fire service subsector Intervention
contaminated gear

E | Cancers Exposure assessment, esp. Fire Service subsector Basic/etiologic
direct reading

F | Cancers Understanding linkages Corrections and Basic/etiologic
between shift work and Law enforcement Surveillance research
cancers subsectors

Activity Goal 1.9.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand

relationship between exposures and cancers among fire service, corrections and law enforcement
workers.

Activity Goal 1.9.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of

interventions to reduce exposures to carcinogens among fire service workers.

Activity Goal 1.9.3 (Translation Research): Conduct translation research to understand barriers and aids

to implementing effective interventions, particularly related to PPE, to prevent exposures to carcinogens
among fire service workers.

Activity Goal 1.9.4 (Surveillance Research): Conduct surveillance research to develop new tools and

methods to identify cancer risks and understand the magnitude of those risks among corrections and
law enforcement workers.

Burden

Cancer is a leading cause of death in the U.S. and the world. Cancers that occur as a result of exposures in the
workplace are preventable, if exposures to known or suspected carcinogens can be reduced [NIOSH 2015].
Based on well-documented associations between occupational exposures and cancer, researchers have
estimated that between 3-6 % of all cancers worldwide are caused by exposures to carcinogens in the workplace
[Driscoll et al. 2005; Rushton et al. 2012]. NIOSH burden data show the following cancers are an important
source of morbidity among workers in the public safety sector: lung and bronchus cancer (attributable fraction
[AF] = 15-35 %); leukemia (AF = ~18%); melanoma (skin cancer) (AF = 5-15%); and sinonasal and nasopharynx
cancer (AF = 0-2%) [Groenewold et al. 2017]. Among the limited research conducted with the public safety
sector workforces, the occupational risks have been evaluated to the greatest extent among firefighters. A
recent NIOSH cohort study of 30,000 career firefighters employed from 1950-2009 found an excess risk of
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developing digestive, oral, pharyngeal, and laryngeal cancers, as well as mesothelioma when compared with the
general U.S. population [Daniels et al. 2014, 2015; Pinkerton 2015]. Law enforcement and corrections officers
may have several work factors, including shift work and work organization factors, which may be potential
causative risk factors for cancer.

Need

The full range of occupational exposures to potential carcinogens among public safety workers is not well
understood. For example, for firefighters it is not known how important factors related to occupational cancers
among firefighters such as the different sizes of fires and attack methods (including personal protective
equipment [PPE] use) have on firefighters’ airborne, dermal, or systemic exposures to potential carcinogens. To
date, there has been little to no research studying cancer incidence among the other public safety sub-sectors
including law enforcement, emergency medical services, wildland firefighters, and corrections officers; however,
there are several work factors, including workplace exposures, shift work, and work organization factors, which
may be potential causative risk factors for cancer. To improve the ability to implement effective preventive
measures, occupational cancer risks must be identified and the magnitude of those risks better understood. In
addition, there is stakeholder interest and a demonstrated need to determine the applicability and performance
of air-purifying respirators and powered air-purifying respirators as potential alternatives to self-contained
breathing apparatus for fire fighter over-haul operations. Furthermore, current work is underway to evaluate
turnout clothing contamination levels and cleaning agents, additional work is needed to develop sampling and
testing procedures to assess contaminant levels in turnout clothing materials, characterize persistent
contaminants in firefighter protective clothing, and develop validated cleaning procedures to determine efficacy
of specific PPE cleaning equipment, cleaning agents, and procedures.

Intermediate goal 1.10 (Risk factors for CVD):

Consensus standard bodies, labor organizations, and management groups use NIOSH information to reduce risk
factors to cardiovascular disease among public safety workers.

NOTE: Goals in bold in the table below are priorities for extramural research

Health Outcome Research Focus Worker population Research Type
A | Cardiovascular Hazardous exposures (e.g., | Fire service and wildland Basic/etiologic
disease particulate matter, heat) fire subsectors
B | Cardiovascular Workplace stress, work Corrections, law Basic/etiologic
disease organization factors, and enforcement, emergency Surveillance research
non-occupational risk medical service (EMS), and

factors (e.g., hypertension, | Fire service subsectors
obesity, smoking)

C | Cardiovascular Reduce known non- Corrections, law Intervention
disease occupational risk factors enforcement, EMS, and fire = Translation
service subsectors
D | Cardiovascular Respiratory and thermal Fire service subsector Intervention
disease protection, other Translation
interventions on fire
ground
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Activity Goal 1.10.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand

relationship between exposures and cardiovascular disease among public safety workers.

Activity Goal 1.10.2 (Intervention Research): Conduct intervention studies to develop and assess the

effectiveness of interventions to mitigate risk factors for cardiovascular disease among fire service and
wildland firefighters.

Activity Goal 1.10.3 (Translation Research): Conduct translation research to understand barriers and aids

to implementing effective cardiovascular health interventions among fire service and wildland
firefighters.

Activity Goal 1.10.4 (Surveillance Research): Conduct surveillance research to develop new tools and

methods to track occupational and non-occupational risk factors for cardiovascular disease among
public safety workers.

Burden

Cardiovascular disease (CVD) is the leading cause of death in the U.S. and an occupational health concern among
all public safety workers. While some behavior risk factors for CVD have been researched, occupational factors
related to CVD among workers is an emerging area of research. Overall, NIOSH burden data show that the
attributable fraction for coronary heart disease among workers in the public safety sector is 13-31%
[Groenewold et al. 2017]. For structural firefighters, sudden cardiac events account for more than half of all on-
duty deaths each year [USFA 2017]. In addition, it is also estimated that that for every one on-duty sudden
cardiac death, 17 non-fatal cardiac events occur while on-duty [Karter and Molis 2011].

Data have also indicated that 7-22% of on-duty deaths among police officers, 17% among wildland firefighters,
and 11% of emergency medical service workers are due to sudden cardiac events [Butler et al. 2017;
Zimmerman 2012; Maguire et al. 2002; TriData Corporation 2002]. Workplace exposures, such as exposure to
combustion by-products, physical, and psychological factors likely contribute to increased risk of cardiovascular
disease among public safety workers. Rapidly accumulating evidence also suggests that stress at work plays an
important role in high blood pressure, cholesterol levels, and other cardiovascular intermediate and end
outcomes, and many types of occupational stressors are prevalent among workers in this sector [Fujishiro et al.
2015; Kaur 2014]. For example, among correction officers and law enforcement many stressors fall far outside
the range of the ordinary work experience, e.g., habitual exposure to interpersonal violence, anticipation of
inmate contact, actual negative or confrontational interactions, and a general sense of job danger. Other
workplace factors of concern related to CVD include physical exertion and physical inactivity, excessive heat or
cold, noise, and organizational factors such as shift work and long work hours [Stewart et al. 2017; Charles et al.
2016; Giada et al. 2008; Kales et al. 2007; Tomei et al. 2000].

Need

NIOSH investigators have the capability to assess occupational exposures potentially related to CVD among
public safety workers, including such exposures such as combustion by-products (among firefighters) and
occupational stress and work organization factors. Additional research is needed to better understand the
mechanisms by which occupational factors increase risk; the proportion of CVD due to occupational factors; the
interaction of workplace factors and known non-occupational CVD risk factors, and the effectiveness of various
interventions to reduce CVD among workers. Translational research is needed across the sector to educate
public safety workers on NIOSH and stakeholder research findings related to reducing CVD.
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Services/Cancer, Reproductive, Cardiovascular Disease and Other Chronic
Disease Prevention (SRVxCRC)

Participating core and specialty programs: Exposure Assessment, National Center for Productive Aging and
Work, Occupational Health Equity, Small Business Assistance, and Surveillance.

Intermediate goal 1.11 (Risk factors and burden of CVD):
Employers, workers, researchers, and non-governmental organizations use NIOSH information to modify work
practices to reduce cardiovascular disease among services workers.

Health Outcome Research Focus Worker population* Research Type
A  Cardiovascular Understanding workplace Small businesses, teachers, | Basic/etiologic
disease stress as a risk factor immigrants and other Intervention
vulnerable workers
B | Cardiovascular Understanding shift work as | Small businesses, shift Basic/etiologic
disease a risk factor workers, immigrants and Intervention
other vulnerable workers
C | Cardiovascular Burden characterization All services workers (esp. Surveillance research
disease those in the administrative

and support and waste
management and
remediation services
subsector, and
accommodation and food
service subsector)
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Health Outcome Research Focus Worker population* Research Type
Landscaping, building

services workers, waste Basic/etiologic
management

Cardiovascular Understanding heat stress
disease as a risk factor

*See definitions of worker populations

Activity Goal 1.11.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand

relationship between cardiovascular disease and risk factors among services workers.

Activity Goal 1.11.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of

interventions to reduce cardiovascular disease risk factors among services workers.

Activity Goal 1.11.3 (Surveillance Research): Develop new surveillance methods to improve the

characterization of the burden of cardiovascular disease and its risk factors among services workers.

Burden

According to data from the National Health Interview Survey (NHIS), the only two industry groups that had
significantly higher adjusted prevalence ratios for cardiovascular disease (CVD)/stroke when compared to
workers in all other industry groups were both in the services sector: administrative and support and waste
management and remediation services, and accommodation and food service [CDC 2014]. These industry
groups also have slightly elevated proportionate mortality ratios for circulatory diseases according to the
National Occupational Mortality Surveillance (NOMS) system [NIOSH 2015]. However, our current
understanding of the overall burden of CVD in the services sector is limited by the small subsamples of workers
in any given subsector that participate in the NHIS each year, the small number of States currently participating
in NOMS, and the paucity of other data sources for assessing CVD burden among workers.

Behaviors and other factors that increase the risk of cardiovascular ill health have been characterized, however
occupational factors related to CVD among workers is an emerging area of research. Workplace factors of
concern related to CVD among workers in the services sector include multiple types of workplace stressors (e.g.,
physical exertion and physical inactivity, excessive heat or cold, noise, and long work hours) and shift work
[Kivimacki 2015]. Psychosocial factors, such as job strain, are also relevant workplace stressors; a recent
comprehensive review found moderately strong evidence for a relationship between coronary heart disease and
job strain and low decision latitude [Theorell et al. 2016]. Among services sector workers with exposure to these
work-related factors are the approximately 4.4 million workers employed in jobs classified in the building and
landscape services industries [BLS 2017a]. Many of these workers are immigrants whose exposures and health
outcomes are exacerbated due to stressors including many types of occupational health disparities [Landsbergis
et al 2014]. In addition, in the services sector, 89% of the 3 million firms have less than 20 employees, and these
small businesses typically have limited access to health and safety specialists [U.S. Census Bureau 2011].

Need

Improved surveillance methods are needed to better characterize the burden of cardiovascular disease and its
risk factors among Services workers. Exposure assessment studies are needed to understand these different
factors and how they are interrelated with CVD causation and progression. Further research is needed in the
services sector to better understand the mechanisms by which occupational factors increase CVD risk and the
proportion of CVD due to occupational factors, as well as the effectiveness of various interventions to reduce
CVD among workers. Guidelines and training materials are needed for effective interventions to prevent CVD
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among building service workers and grounds keepers. These workplaces frequently lack access to health and
safety professionals. Administrative controls and work organization improvements that may be routinely
adopted at construction or manufacturing workplaces are not widely adopted for routine but intermittent tasks
in building services.

Intermediate goal 1.12 (Adverse reproductive outcomes):
Employers, healthcare providers, and non-governmental organizations use NIOSH information to reduce adverse
reproductive outcomes among services workers.

NOTE: Goals in bold in the table below are priorities for extramural research

Health Outcome Research Focus Worker population* Research Type

A  Adverse Chemical exposures Immigrants and other Basic/etiologic
reproductive vulnerable workers, young | Surveillance Research
outcomes women, personal services

workers, small businesses

B | Adverse Chemical exposures Nail and hair salon Intervention
reproductive workers, small businesses Translation
outcomes

*See definitions of worker populations

Activity Goal 1.12.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand

relationship between chemical exposures and adverse reproductive outcomes among personal care
services sector workers.

Activity Goal 1.12.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of

interventions to reduce chemical exposures associated with adverse reproductive outcomes among nail
salon workers.

Activity Goal 1.12.3 (Translation Research): Conduct translation research to understand barriers and aids

to implementing effective interventions to reduce chemical exposures associated with adverse
reproductive outcomes among nail salon workers.

Activity Goal 1.12.4 (Surveillance Research): Develop new surveillance methods to measure the burden

of chemical exposures and adverse reproductive outcomes among services workers.

Burden

In the services sector, 89% of the 3 million firms have less than 20 employees, and these small businesses
typically have limited access to health and safety specialists [U.S. Census Bureau 2011]. The personal care
services component of the sector employs approximately 1.45 million workers [BLS 2017b]. Many of these
workers are employed in hair and nail salons and are exposed to a wide variety of chemicals that potentially
cause a number of health effects including reproductive toxicity [Pak et al 2013]. The hair and nail salon industry
largely employs women of reproductive age and also employs a high proportion of minorities and immigrants
[BLS 2017c; Maslin Nir 2015a,b].
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Need

Etiologic studies are needed concerning reproductive hazards from exposure to many of the chemicals used in
nail salons (e.g., phthalates, ethyl methacrylate, toluene, and formaldehyde) and among other workers in the
personal care services industries (e.g., epidemiologic studies of low level solvent exposures and reproductive
outcomes for the personal care industry). Businesses in the services sector (particularly the small businesses)
need evidence-based data to support interventions to reduce chemical exposures among their workers. Studies
on identifying effective outreach methods through trusted partners are needed for all workers in the services
sector, particularly among workers in small businesses and among the immigrant populations.
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Transportation, Warehousing and Utilities/Cancer, Reproductive,

Cardiovascular Disease and Other Chronic Disease Prevention (TWUxCRC)
Core and specialty programs: National Center for Productive Aging and Work

Intermediate goal 1.13 (CVD and obesity, work organization):
Federal agencies, trade associations, labor organizations, employers, owner/operators, and researchers use
NIOSH information to reduce cardiovascular disease among transportation, warehousing and utilities workers.

NOTE: Goals in bold in the table below are priorities for extramural research

Health Outcome Research Focus Worker population* Research Type
A | Cardiovascular Best type of interventions Long-haul truck drivers, Intervention
disease to address the risk factor of | short-haul truck drivers, bus
obesity and transit, rail, maritime,
couriers and messengers
B | Cardiovascular Best communication Long-haul truck drivers Intervention
disease methods to decrease risk Translation

factors, tailoring
interventions from other

sectors
C | Cardiovascular Work organization best Workers with non-standard | Basic/etiologic
disease practices (e.g., sleep and work arrangements, long- Intervention
fleet management) haul truck drivers, short-
haul truck drivers, bus and
transit, rail, maritime,
couriers and messengers
D | Cardiovascular Work organization best Utilities and warehousing Intervention
disease and other practices to prevent heat workers
heat-related stress

illnesses
*See definitions of worker populations

Activity Goal 1.13.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand

relationship between work organization factors and cardiovascular disease among TWU workers.

Activity Goal 1.13.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of

interventions to decrease cardiovascular disease risk factors among TWU workers.

Activity Goal 1.13.3 (Translation Research): Conduct translation research to understand barriers and aids

to implementing cardiovascular risk factor interventions among TWU workers.

Burden
Obesity is a risk factor for chronic disease that manifests itself in health conditions such as metabolic syndrome,
cardiovascular disease, obstructive sleep apnea, and diabetes; premature death and disability; increases in

health care costs; lost productivity; and social stigmatization [NIH 1998; Thompson et al. 1999; Martin and
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Church 2009]. It has also been noted that a higher prevalence of hyperlipidemia and hypertension is found in
overweight and obese individuals. An estimated 34.2% of all TWU workers are obese [NIOSH 2013], 21.1% have
hypertension [NIOSH 2013] and 6.1% have cardiovascular disease (CVD) [Helmkamp et al. 2013]. Obesity is
related to multiple medical factors as well as increasing numbers of conditions which may, for example, limit a
commercial motor vehicle driver’s driving certification [Thiese et al. 2015]. Psychological stressors and the work
demands of TWU workers create special challenges: tasks may be sedentary in nature, limited options may be
available for where and when to eat while working or resting away from home, sleep periods may often be less
than the 7-9 hours daily recommended, and work arrangements may be non-standard [Hirschkowitz et al. 2015].
Thirty-eight percent of TWU workers indicate less than 7 hours of sleep in a 24-hour period [CDC 2012], 66.7
percent of TWU workers did not meet CDC guidelines for physical activity [Helmkamp et al. 2013], and 31.1%
report work-life interference [NIOSH 2015]. Twenty seven point eight percent of TWU workers work more than
48 hours per week compared to 18.7% of the U.S. work force and 35.7 percent work non-standard shift,
compared to 26.6% of the U.S. workforce [NIOSH 2010]. Seventeen point four percent of TWU workers report
frequent night work [NIOSH 2015]. Other psychological stressors occur because of the increasingly common
nontraditional employer-employee relationships TWU workers with non-standard work arrangements account
for 15.9% of employees [Violanti et al. 2009, Katz and Krueger 2016]. The cardiovascular system has an
important role in thermoregulation, as warm blood is circulated from the core to the skin during heat transfer to
the environment. However, heat stress and factors like dehydration, can lead to cardiovascular strain, resulting
in heat-related illnesses [Wilson et al. 2014, NIOSH 2016]. Severe heat-related illness may cause permanent
damage to the organs, including the heart. One study found that males with heat-related illness were at an
increased risk of death from cardiovascular disease and ischemic heart disease [Wallace et al. 2007].

Need

Previous NIOSH obesity TWU surveillance research has focused on long- and short-haul truck drivers, and more
efficient methods to monitor obesity among TWU workers are needed. Further NIOSH research on obesity
should include intervention and evaluation studies focusing on obesity in commercial drivers as well as other
high prevalence occupations. There is a need to evaluate both programmatic and technological approaches so
that health guidelines for the TWU sector are supported by scientific evidence. Intervention research to assess
the effectiveness of organizational interventions and translation research to understand barriers to drivers in
adopting effective interventions is needed. Research should consider cost-effectiveness as well as features of
work organization in the TWU sector such as self-employment, time pressures, and other work-related stressors.
Because non-standard worker arrangements are understudied but increasingly prevalent, and their
determinants and health and safety consequences are poorly understood, basic/etiologic research leading to
intervention is needed. Research should also address work organization models for sleep as well as fleet
management. Particularly needed are models on the determinants and effects of work arrangements and efforts
to improve the taxonomy of work arrangements and their characteristics. Workers and managers show
widespread lack of appreciation and knowledge about the importance of sleep health and risks associated with
poor sleep and fatigue. The evidence for a link between short sleep and CVD risk factors is an active area of
research [Knutson KL et al. 2007]. Translation and intervention research are needed to develop effective
administrative controls for management and to understand how to implement them most effectively, as well as
how to best communicate the health risks of obesity. Existing approaches are not always accepted among TWU
workers. Intervention research is needed to develop better heat prevention work practices that fit into the
unique indoor environments of warehouse workers and outdoor environments of utilities workers.
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Strategic Goal 2: Reduce occupational hearing loss

Construction/Hearing Loss Prevention (CONxXHLP)

Participating core and specialty programs: Center for Direct Reading and Sensor Technologies, Engineering
Controls, Occupational Health Equity, SafeesSkilledeReady Workforce, Small Business Assistance, and
Surveillance.

Intermediate goal 2.1 (Engineering controls to reduce noise exposure):
Manufacturers, equipment purchasers, and insurers (including workers’ compensation) adopt engineering
controls to reduce harmful noise exposure among construction workers.

NOTE: Goals in bold in the table below are priorities for extramural research

Health Outcome Research Focus Worker population* Research Type

A | Hearing loss Increase supply and Iron workers, welding, Intervention
demand for quieter masons, boilermakers,
equipment and vehicles laborers, small businesses,
(jackhammers, enclosed vulnerable workers
cabs, heavy equipment)

B | Hearing loss Translate solutions from Highway construction, Intervention
Mining and other sectors laborers, small businesses,
(fans, rotary drilling) vulnerable workers

C  Hearing loss Develop supply of and Laborers, carpenters, Intervention
demand for quieter hand boilermakers, vulnerable Translation
tools workers, small businesses

*See definitions of worker populations

Activity Goal 2.1.1 (Intervention Research): Conduct studies to develop and assess the effectiveness of

noise engineering controls to reduce hearing loss among construction workers.

Activity Goal 2.1.2 (Translation Research): Conduct translation research to understand barriers and aids

to implementing effective noise engineering controls to reduce hearing loss among construction
workers.

Burden

Within the construction sector, 44% of workers are exposed to hazardous noise and about 31% of these noise-
exposed workers report not wearing hearing protection [Tak et al. 2009]. Thirteen percent of all construction
workers have hearing difficulty and 7% have tinnitus [Masterson et al. 2016]. However, among noise-exposed
construction workers, twenty-five percent have a material hearing impairment (average hearing threshold levels
above 25 dB for 1, 2, 3, & 4 kHz) in at least one ear [Masterson et al. 2015] and 16% have hearing impairment in
both ears [Masterson et al. 2016]. Hearing impairment is hearing loss that impacts day-to-day activities. AlImost
three-quarters (73%) of construction workers measured in a longitudinal study between (1999-2009) were
exposed daily to full-shift, noise levels above the NIOSH recommended exposure level (REL) of 85 dB time-
weighted average A-weighted [CPWR 2010]. Many construction workers are also exposed to impulse or impact
noise. Noise exposures are caused by a wide range of sources, including hand tools, larger machinery, heavy
equipment, and generators.
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Construction trades with the highest prevalence of hearing loss include welders, iron workers, laborers,
boilermakers, carpenters, sheet-metal workers, and brick masons [CPWR 2010]. Many vulnerable workers may
have an elevated or disproportionate risk, including foreign-born workers and workers with limited English-
language skills, workers in small businesses, contingent workers, and younger (teenage) and older (65 and over)
workers [Themann et al. 2013a,b]. Hearing loss can have a profound impact on quality of life. It is associated
with cognitive decline [Chien et al. 2012] and cardiovascular outcomes such as hypertension [Themann et al.
2013a]. It is also strongly associated with depression [Themann et al. 2013a; Hetu et al. 1995]. Tinnitus, which
often co-occurs with hearing loss, can disrupt sleep and is associated with both depression and anxiety
[Shargorodsky et al. 2010]. Construction workers lose 3.1 healthy years, each year, for every 1,000 noise-
exposed workers, the second highest loss among industries [CDC 2016].

Need

Noise control engineering solutions are the most effective methods to reduce noise exposures and to assure the
exposure levels stay below the NIOSH REL of 85 dB(A). Noise controls and related equipment need to be
developed or improved upon and evaluated in the laboratory, followed by work with manufacturers to evaluate
the feasibility of the noise control solutions through field studies. Noise hazards posed by power tools and heavy
equipment in construction need to be controlled at the source. There is also a need to develop quieter powered
hand tools. Researchers should continue to promote and develop “Buy Quiet” approaches that address supply
and demand, in addition to development of databases of tools and the noise levels produced when operated.
Noise labeling with the level of noise produced by equipment or use of Safety Data Sheets documenting the
hazardous noise and the means to protect against it is also helpful. Areas in need of research include reducing
impulsive noise generated by pneumatic tools and continued expansion of the ability to assess and control noise
in construction. Collaboration with the mining industry could help to understand how miners’ hearing is
protected, and to determine if some of the mining technologies are suitable for similar applications and use in
construction. Additional efforts are needed to transfer findings from this research into influential documents
such as guidance and voluntary consensus standards. There is also a need to translate research findings into
software products, applications and interactive webpages to make information easily accessible for construction
stakeholders.

Intermediate goal 2.2 (Hearing loss prevention education for employers and workers):
Employers and supervisors use NIOSH education tools and resources to prevent harmful noise exposures among
construction workers.

NOTE: Goals in bold in the table below are priorities for extramural research

Health Outcome Research Focus Worker Population* Research Type

A | Hearing loss Fit testing (voluntary Noise exposed workers Translation
consensus standards,
increasing availability)

B | Hearing loss Training and awareness Noise exposed workers, Intervention
(Employers, supervisors vulnerable workers Translation
and workers; apps)

*See definitions of worker populations
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Activity Goal 2.2.1(Intervention Research): Conduct studies to develop and assess the effectiveness of

noise education and awareness interventions to reduce hearing loss in the construction industry.

Activity Goal 2.2.2 (Translation Research): Conduct translation research to understand barriers and aids

to implementing effective noise education and awareness interventions to reduce hearing loss in the
construction industry.

Burden

Within the construction sector, 44% of workers are exposed to hazardous noise and about 31% of these noise-
exposed construction workers report not wearing hearing protection [Tak et al. 2009]. The use of hearing
protection is influenced by many factors including perceived hearing loss, education, and work experience.
Integration of hearing protection device (HPD) training into multi-faceted intervention programs can be
effective, but there are gaps in our understanding related to HPD usage, design, and effective training materials
[CPWR 2010]. As described above, construction trades with the highest prevalence of hearing loss include
welders, iron workers, laborers, boilermakers, carpenters, sheet-metal workers, and brick masons [CPWR 2010].
Many vulnerable workers may have an elevated or disproportionate risk, including foreign-born workers and
workers with limited English-language skills, workers in small businesses, contingent workers, and younger
(teenage) and older (65 and over) workers [Themann et al. 2013a, b].

Need

A Cochrane systematic review has identified a lack of demonstrated effectiveness for hearing conservation
programs with regards to reducing the incidence of noise induced hearing loss [Verbeek et al. 2012].
Interventions to prevent hearing loss are sometimes ineffective due to improper and inconsistent use of hearing
protection coupled with inadequate training [Byrne et al. 2017; Voix et al. 2009]. Employers and workers need to
be educated about noise, including: (1) the proper way to insert foam ear plugs; and (2) provide information to
trainers and workers about (a) “Buy Quiet” programs; (b) ways to reduce vibration of equipment to possibly
reduce noise; and (c) use of administrative controls to limit exposure to hazardous noise, as specified by
Occupational Safety and Health Administration (OSHA) requirements that allow for various exposure time/noise
intensity levels [OSHA 2011]. There is a need to better understand the best approaches to train and educate
construction workers, employers, and safety professionals. Many of these groups include non-English speaking
learners and low-literacy audiences, so it is important that the educational materials be available in English and
Spanish and written in a manner that addresses the needs of vulnerable workers. Micro-learning, online training
and use of augmented, virtual, and immersive reality should be considered. Many of these educational materials
could be applicable across all sectors for noise-exposed workers.

Some hearing protection manufacturers now provide hearing protector fit-testing systems that can measure a
Personal Attenuation Rating of hearing protectors which provide opportunities to aid in the proper selection of
hearing protection. Translational research for fit testing methods is needed. In addition, hearing protection
researchers and advocates should communicate with employers and employees about new smartphone-based
noise metering apps [Roberts et al. 2016, Kardous et al. 2014]. Use of these tools will create an awareness of
noise exposures, and following from that, take steps to limit or reduce exposure to noise hazards. Additional
efforts are needed to transfer findings from this research into influential documents such as guidance and
voluntary consensus standards. There is also a need to translate research findings into software products,
applications and interactive webpages to make information easily accessible for construction stakeholders.
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Manufacturing/Hearing Loss Prevention (MNFxHLP)

Participating core and specialty programs: Center for Direct Reading and Sensor Technologies, Center for
Maritime Safety and Health Studies, Engineering Controls, Occupational Health Equity, Prevention through
Design, Small Business Assistance, and Surveillance.

Intermediate goal 2.3 (Exposure to hazardous noise and ototoxic chemicals):
Employers, safety professionals, workers, and consensus standard organizations use NIOSH information to

reduce noise and ototoxic chemical exposures among manufacturing workers.

Health Outcome Research Focus Worker Population Research Type
A | Hearing loss Develop updated Forge plant workers, as well = Basic/etiologic
damage/risk as others in metal and
recommendations furniture making subsectors
B | Hearing loss Develop hearing protection | Forge plant, as well as Intervention
for impulse noise others in metal and
furniture making subsectors
C | Hearing loss Understanding the burden Forge plants, as well as Surveillance research
of impulse noise others in metal and
furniture making
D | Hearing Loss Understanding combination = Noise-exposed Surveillance research
of impulse and continuous manufacturing workers
noise
E | Hearing Loss Exposure to ototoxic Manufacturing workers Surveillance research
chemicals (esp. petroleum and coal
products, leather,
fiberglass)

Activity Goal 2.3.1 (Basic/Etiologic Research): Conduct basic/etiologic research update damage/risk

criteria for impulse noise to reduce hearing loss among manufacturing workers.

Activity Goal 2.3.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of

hearing protection interventions for impulse noise to reduce hearing loss among manufacturing
workers.

Activity Goal 2.3.3 (Surveillance Research): Conduct surveillance research to develop new tools and

methods to better understand the burden of noise overexposure among manufacturing workers.

Burden
An estimated prevalence of noise exposed workers in the manufacturing sector is nearly 6 million workers
(37%) based upon National Health and Nutrition Examination Survey (NHANES) data [Tak et al. 2009]. To further
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understand the burden of hearing loss, NIOSH has partnered with hearing conservation providers to collect
audiometric data from a broad spectrum of sectors. The burden for hearing loss among noise-exposed workers
in the manufacturing sector was about 20% [Masterson et al. 2015]. Noise exposures are typically described as
continuous, intermittent and impulsive. Occupational exposure limits have been developed assuming that the
exposures are for continuous noise exposures over the course of a lifetime of exposure. Impulsive noise
exposures or combinations of continuous noise and impulsive noise pose an increased risk of hearing loss [Davis
et al. 2009; Zhao et al. 2010].

Exposures to noise in combination with solvents potentially poses an increased risk of hearing loss because the
solvents can affect the auditory system through different mechanisms than the mechanical or metabolic
destruction of the sensory hair cells [Johnson and Morata 2010]. The number of workers in the Manufacturing
sector that experience mixed exposures is not well known and further surveillance research is needed to
characterize the risk.

Need

While the general trend has been one of decline in the incidence of hearing loss in the manufacturing sector (a
2% reduction from 1986-2010), additional research and dissemination efforts are needed [Masterson et al.
2015]. Exposures to impulse noise represent a greater risk for early onset of hearing loss [Zhao et al. 2010;
NIOSH 2016] and the interventions to prevent hearing loss from impulse noise have not been assessed for their
effectiveness. A better understanding of risk factors (impulse noise, aging, and other agents) is needed. Specific
needs include updated guidelines towards these risk factors and the incorporation of new technologies within
hearing prevention loss programs, such as the integration of fit testing. A range of new hearing protector
technologies has been brought to market in recent years and methods to evaluate their protection against
impulse noise is necessary. Among these are devices with Bluetooth™, active noise cancellation, and near field
communication capabilities. Research is needed to provide assessment and promotion of new technologies that
can affect the field of hearing conservation.

Surveillance research is needed to better characterize noise exposures and hearing loss prevalence, especially
among chemical, petroleum, and metal industries within the manufacturing sector. Surveillance research might
include using new data sources for surveillance purposes, using existing methods to surveil a new population for
which there is limited or no applicable surveillance data, or adding new questions to an existing survey like the
National Health Interview Survey that target a population, exposure or outcome. Additionally, workplace noise
exposures for targeted Manufacturing Sector tasks should be studied to characterize the noise dose, use/non-
use of hearing protection and other personal protective equipment, and assessment of hearing conservation
programs.

Intermediate goal 2.4 (Hearing loss prevention education for employers and workers):
Employers, workers, hearing conservation providers, health and safety vendors, and safety professionals use
NIOSH education tools and resources to prevent harmful noise exposures among manufacturing workers.

NOTE: Goals in bold in the table below are priorities for extramural research
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Health Outcome Research Focus Worker Population* Research Type

A | Hearing loss Integrating new Noise-exposed Translation
technologies into manufacturing workers
education (e.g., noise app, | (esp. small businesses)
fit testing)

B | Hearing loss Education intervention Noise-exposed Intervention
effectiveness manufacturing workers

(esp. small businesses)
*See definitions of worker populations

Activity Goal 2.4.1 (Intervention Research): Conduct studies to develop and assess the effectiveness of

education interventions to prevent hearing loss among manufacturing workers.

Activity Goal 2.4.2 (Translation Research): Conduct translation research to understand barriers and aids

to integrating new technologies into hearing loss prevention education in the manufacturing sector.

Burden

Within the manufacturing sector, 22%—-55% of workers are exposed to hazardous noise (depending on sub-
sector), and between 13% and 39% of these noise-exposed workers report not wearing hearing protection [Tak
et al. 2009]. Noise-exposed manufacturing workers in electrical machinery, non-electrical machinery and textiles
have the highest prevalence of not using hearing protection [Tak et al. 2009]. Many workers may have an
elevated or disproportionate risk, including foreign-born workers and workers with limited English-language
skills, workers in small businesses, contingent workers, and younger (teenage) and older (65 and over) workers
[Themann et al. 2013].

Need

The 2017 Cochrane systematic review has identified a lack of demonstrated effectiveness for hearing
conservation programs with regards to reducing the incidence of noise induced hearing loss [Tikka et al. 2017].
Interventions to prevent hearing loss are sometimes ineffective due to improper and inconsistent use of hearing
protection coupled with inadequate training [Voix and Laville 2009; Byrne et al. 2017]. Employers and workers
would benefit from education about noise, including the proper way to insert foam ear plugs, “Buy Quiet”
programs, ways to reduce vibration of equipment to possibly reduce noise, and use of administrative controls to
limit exposure to hazardous noise, as specified by OSHA requirements that allow for various exposure
time/noise intensity levels [OSHA 2011].

Some hearing protection manufacturers now provide hearing protector fit-testing systems that can measure a
Personal Attenuation Rating of hearing protectors which provide opportunities to aid in the proper selection of
hearing protection. Translational research for fit testing methods is needed. In addition, hearing protection
researchers and advocates should communicate with employers and employees about new smartphone-based
noise metering apps [Kardous and Shaw 2015; Roberts et al. 2016]. Use of these tools will create an awareness
of noise exposures, leading to steps to limit or reduce exposure to noise hazards.
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Mining/Hearing Loss Prevention (MINxHLP)
Participating core and specialty programs: Center for Direct Reading and Sensor Technologies, Engineering
Controls, and Surveillance.

Intermediate goal 2.5 (Noise control engineering and hearing loss surveillance):
Industry, academia, and other government agencies use NIOSH information to reduce hearing loss among
miners.
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Health Outcome Research Focus Worker Population Research Type

A | Hearing loss Noise controls for mining Metal/non-metal mines Intervention
equipment

B | Hearing loss Hearing conservation Stone, sand and gravel Intervention
approach mines Surveillance research

C | Hearing loss Quiet by design All mines (esp. coal, Intervention
(manufacturing quieter metal/non-metal)
equipment)

D | Hearingloss Understanding cumulative Non-machine operators Surveillance research
noise exposure levels who work in mines

Activity Goal 2.5.1 (Intervention Research): Conduct studies to develop and assess the effectiveness of

interventions to prevent noise overexposures among mining workers.

Activity Goal 2.5.2 (Surveillance Research): Conduct surveillance research to develop new methods and

tools to track noise exposures to reduce hearing loss among mining workers.

Burden

Noise-induced hearing loss is a pervasive concern in the mining industry. Large machinery performing crushing,
cutting, and conveying processes in relatively tight-quarter conditions leads to a high level of noise exposure of
the machinery operators and others working in the vicinity. The mining sector has the highest prevalence of
hazardous workplace noise exposures (76%) among all industrial sectors [Tak et al. 2008]. Despite engineering
and administrative controls implemented to reduce noise, miners continue to exhibit a high prevalence (24%) of
hearing difficulty [Tak et al. 2009]. A recent NIOSH evaluation of over 1 million audiograms indicates that mining
has the highest prevalence, 27%, of hearing loss among industries sampled, with the average industry
prevalence at 18% [Masterson et al. 2015]. Mine Safety and Health Administration exposure data indicate
average noise exposure exceeding the permissible exposure limit (PEL) across surface and underground coal and
non-coal mining sectors. Exceedance values range from approximately 7% to 18% [Roberts et al. 2017], which is
greater than the 4-16% of the general, low-noise-exposed population [Tak et al. 2009].

Need

Ongoing surveillance efforts regarding noise exposure and hearing loss in the industry are necessary to identify
future research needs and to assess the effectiveness of past work. Although larger scale industry-wide
surveillance initiatives are ongoing, there must be a specific focus on mining to gain a full, accurate
understanding of the noise problem by working area and job type. No information exists on the actual use of
hearing conservation programs in mining, beyond noting the presence or absence of audiometric testing and the
use of hearing protection devices. Continued and expanded surveillance efforts are needed to fill these critical
gaps in knowledge.

Currently, in the U.S., mining equipment manufacturers are not held to sound level limitations. Equipment
operators are in turn exposed to high noise levels from operating original equipment and the only solutions is
add-on noise controls, administrative controls or use of PPE. Focus must be placed on designed quieter
equipment from the start, therefore reducing the noise for administrative and personal protective controls. Two
of the only facilities in the country with the capability to conduct noise evaluations on large mining machines are
located at NIOSH.
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In addition, NIOSH researchers have developed relationships with the relatively small mining community that
enhances their abilities to access mines to conduct field studies. This access to sites and mine workers enhances
the relevance of the research by assuring that strategies, products, or concepts will be accepted by the end user,
and can be effectively produced (if required) by a manufacturer. Reducing the noise at the source through a
quieter original design or through use of engineering noise controls is the preferred method to reduce overall
noise emission and in turn noise exposure of equipment operators.
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Oil and Gas Extraction/Hearing Loss Prevention (OGExHLP)
Participating core and specialty programs: Engineering Controls, Small Business Assistance, Surveillance, and
Translation Research.

Intermediate goal 2.6 (Exposures to hazardous noise and ototoxic chemicals):
Employers, equipment manufacturers, professional associations, and workers use NIOSH information to prevent
hazardous noise exposure among oil and gas extraction workers.

NOTE: Goals in bold in the table below are priorities for extramural research

Health Outcome Research Focus Worker Population* Research Type
A  Hearing loss Identification of noise Drilling contractors, well Surveillance research
sources at worksites servicing contractors, small | Basic/etiologic
businesses
B | Hearing loss Exposure to noise and Drilling contractors, well Intervention
ototoxic chemicals from servicing contractors, small
large equipment with diesel | businesses
engines
C  Hearing loss Effective use of personal Drilling contractors, well Translation
protective equipment (PPE) servicing contractors, small
businesses

*See definitions of worker populations

Activity Goal 2.6.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand
sources of noise exposure in oil and gas extraction worksites.
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Activity Goal 2.6.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of

interventions to prevent noise overexposure among oil and gas extraction workers.

Activity Goal 2.6.3 (Translation Research): Conduct translation research to understand barriers and aids

to effective use of PPE to prevent hearing loss among oil and gas extraction workers.

Activity Goal 2.6.4 (Surveillance Research): Conduct surveillance research to better understand the

burden of hearing loss and sources of noise in the oil and gas extraction sector.

Burden

Businesses in the oil and gas extraction sector (OGE) are exempt from complying with the federal requirements
requiring a hearing conservation program, monitoring noise levels, and annual audiometric testing for workers
(29 CFR 1910.95). While every year approximately 22 million workers are exposed to hazardous noise in the
workplace [Tak et al. 2009], accurate data for workers in this industry are lacking. In 2002 the Occupational
Safety and Health Administration (OSHA) modified the federal requirements to include hearing loss as a
recordable injury on OSHA 300 logs (29 CFR 1904.10) in order to document this injury, but again OGE operations
are exempt. Previous NIOSH work [NIOSH 1998] estimated that 23% (76,500) of all OGE workers were exposed
to potentially damaging noise (>85dBA) at least once a week, for 90% of the weeks they worked in a year, and
safety professionals within OGE have identified hearing loss as an important issue [McCrary 1994, Smith 1991].
According to an alert issued by the International Association of Drilling Contractors [IADC 1998], noise measured
on a drilling rig was reported at 102 dBA beside an engine skid and 90-97 dBA on the rig floor (where many of
the workers are located) while drilling. Statistics from the NIOSH Occupational Hearing Loss Surveillance project
estimated that approximately 76% of all workers in mining, oil and gas extraction are exposed to hazardous
noise levels [Tak et al. 2009]. About 13% of noise-exposed workers report not wearing hearing protection when
working in noisy areas [Tak et al. 2009]. Among all workers in mining, oil and gas extraction, 12% have hearing
difficulty and 11% have tinnitus [Masterson et al. 2016]. Among noise-exposed workers, 25% have a material
hearing impairment [Masterson et al. 2015], meaning they have significant difficulty understanding speech.

Need

There exists a need for NIOSH to conduct noise exposure surveys in the oil and gas extraction sector. During the
20 years since NIOSH’s last publication in this area [NIOSH 1998], new work practices and equipment have been
introduced, but not independently evaluated. Further, much of the noise attenuation activities in the industry
have focused on reducing noise emissions for residents of nearby communities rather than for workers. New
research, including surveillance, to characterize noise hazards to workers in the modern OGE workplace is
needed. Once the exposures have been characterized, work to eliminate sources of noise, develop and evaluate
noise controls, improve work practices, or provide enhanced personal protection for workers in the OGE sector
can begin. There is potential for workers to be exposed to volatile hydrocarbons that could potentially interact
with noise to exacerbate the hearing loss that workers might experience, which should be considered during
intervention research. Translational research is necessary to communicate the risk of noise induced hearing loss
to workers in this sector. The efforts that have been undertaken in other sectors (e.g., mining, manufacturing,
and construction) can be useful to help aid workers learn proper fitting techniques for hearing protection
devices [Murphy et al. 2016]. The use of hearing protector fit testing systems can aid in training workers.
However, the message needs to be tailored to the industry [Murphy et al. 2011]. With a lower price for oil and
natural gas, the workforce is currently lower than previous high-activity periods which makes this a good time
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for NIOSH to act as partnerships could be established giving our noise control engineers access to equipment not
currently in high demand for use in the field.
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Services/Hearing Loss Prevention (SRVxXHLP)
Participating core and specialty programs: Occupational Health Equity, Small Business Assistance,
SafeeSkilledeReady, and Surveillance

Intermediate goal 2.7 (Exposure to hazardous noise):
Employers, workers, equipment manufacturers, non-governmental organizations, and suppliers use NIOSH
information to reduce hearing loss in building services workers and in services sector small business enterprises.
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NOTE: Goals in bold in the table below are priorities for extramural research

Health Outcome Research Focus Worker Population* Research Type

A | Hearing loss Overexposure to noise Building services workers, Intervention
(intermittent use of loud arts and entertainment Translation
equipment) subsector, small businesses

B | Hearing loss Lack of awareness of noise | Building services workers, Translation
as a hazard and how to arts and entertainment
protect hearing subsector, small businesses

C | Hearing loss Characterizing noise Building services workers, Basic/etiologic
exposures and prevalence arts and entertainment Surveillance research
of hearing loss subsector, small businesses

*See definitions of worker populations

Activity Goal 2.7.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better characterize

noise exposures among building services and arts and entertainment workers in the services sector.

Activity Goal 2.7.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of

interventions to reduce noise exposure among building services and arts and entertainment workers in
the services sector.

Activity Goal 2.7.3 (Translation Research): Conduct translation research to understand barriers and aids

to implementing effective hearing protection interventions among building services and arts and
entertainment workers in the services sector.

Activity Goal 2.7.4 (Surveillance Research): Conduct surveillance research to better characterize hearing

loss prevalence among building services and arts and entertainment workers in the services sector.

Burden

In the U.S., occupational hearing loss is one of the most common work-related illnesses. Twenty-four percent of
the hearing difficulty among U.S. workers is attributable to occupational exposures [Tak and Calvert 2008;
Themann et al. 2013]. Within the services sector, there are very large groups of workers with hazardous noise
exposure. For instance, 45% are exposed in repair and maintenance (approximately 900,000 exposed workers);
within arts, entertainment, and recreation 22% of workers are exposed (approximately 550,000 exposed
workers); and approximately 13% are exposed within public administration (approximately 650,000 exposed
workers) [Tak et al. 2009]. Twenty percent of noise-exposed services workers have a material hearing
impairment in one or both ears (overall) [Masterson et al. 2015]. However, among some industry sub-

sectors, 23-36% have impairment [Masterson et al. 2013]. Services workers lose 2.6 healthy years, each year, for
every 1,000 noise-exposed workers [CDC 2016]. These lost healthy years are shared among the 13% of noise-
exposed services workers with hearing impairment in both ears (about 130 workers out of each 1,000 workers).
Over a 30-year working lifetime, about 78 healthy years are lost by 130 workers [CDC 2016].

Need

Effective interventions to prevent noise induced hearing loss in the services sector are multi-faceted. First, field
studies are needed to evaluate feasibility and effectiveness of noise control solutions, as workplace noise is best
controlled at the source. In particular, research is needed to promote and develop “Buy Quiet” approaches that
address supply and demand for equipment often used in Services, in addition to developing databases of noise
levels for tools and equipment [Beamer et al. 2016]. Second, best practices for hearing conservation programs in
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Services are needed that include effective use of hearing protectors, hearing protector fit-testing, and effective
worker training on the dangers of noise exposure and preventing hearing loss [Byrne et al. 2017; Murphy et al.
2011]. Services sector workers are often from vulnerable populations which puts them at higher risk to
occupational hazards, noise exposure among them. Moreover, services sector employers are often small
business employers which often have fewer resources to devote to issues like occupational noise exposure.

Educational materials and guidelines for workers and employers are needed to inform them about steps that
can be taken to reduce noise exposures and to protect their hearing, such as the proper way to insert foam ear
plugs, “Buy Quiet” programs, ways to reduce vibration of equipment to possibly reduce noise, and use of
administrative controls. Furthermore, educational materials should be tailored to specific Services audiences,
taking into account barriers to implementing best practices. Contingent workers and their employers are an
especially important audience as these workers are particularly vulnerable to workplace hazards and that there
is sometimes a lack of clarity about who is responsible for their hearing protection programs.

Basic/etiologic and surveillance research are needed to better characterize noise exposures and hearing loss
prevalence, especially among building services and arts and entertainment workers in the service sector.
Additionally workplace noise exposures for targeted services sector tasks should be studied to characterize the
noise dose, use/non-use of hearing protection, and assessment of hearing conservation programs.
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Strategic Goal 3: Reduce occupational immune, infectious and
dermal disease

Agriculture, Forestry, and Fishing/Immune, Infectious and Dermal Disease
Prevention (AFFxIID)

Participating core and specialty programs: Authoritative Recommendations, and Emergency Preparedness and
Response.

Intermediate goal 3.1 (Skin exposure to pesticides and total body burden):
Policy-makers, federal and state agencies, and researchers incorporate NIOSH data into risk assessment

strategies to reduce dermal diseases and total body burden related to pesticide exposure among agricultural

workers.
Health Outcome Research Focus Worker Population* Research Type
A | Local and systemic = Understanding dermal Agriculture and forestry Basic/etiologic
toxicity exposure and permeation subsectors; vulnerable

of pesticides and herbicides = workers
*See definitions of worker populations

Activity Goal 3.1.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand

dermal exposure and permeation of pesticides and herbicides among agriculture and forestry workers.

Burden

There were 761,700 agricultural workers in the U.S. in 2014, and 528,000 of them were employed as equipment
operators, farmworkers and laborers, and crop, nursery and greenhouse workers [BLS 2017]. 82% were male,
42% were foreign born, 45% reported Hispanic ethnicity, and 64% were US citizens [USDA 2017]. Pesticides are
used throughout the agricultural industry, and in 2007 a total of 684 million pounds of active ingredients were
used in US agriculture [Fishel 2007]. Farm workers are exposed to pesticides during mixing, loading and
application tasks and during reentry following application. Skin is the primary route of pesticide exposure,
contributing between 81 to 97% of total systemic uptake from these operations [EFSA 2013]. Dermal exposures
to pesticides lead to diseases of the skin including both irritant and allergic contact dermatitis. Both acute and
chronic pesticide exposures carry health risks [Donham and Thelin 2016].

Acute pesticide exposure illnesses can include abdominal pain, dizziness, headaches, nausea, vomiting as well as
skin and eye complications [Hoppin and LePrevost 2017]. Death is rare but still a known outcome. From 1998—
2005, there were 3,271 cases of acute pesticide poisoning reported among 10 participating states for an
incidence rate of 53.6 out of 100,000 full time agricultural workers [Calvert et al. 2008]. In another analysis, only
13% of applicators and 22% of their spouses with symptoms resulting from high pesticide exposure events
sought medical care, suggesting that pesticide poisoning surveillance data may underreport the actual
occurrence [Bell et al. 2006].

Need
Data is needed to improve dermal risk assessments of pesticide exposures. Basic research needs to be
conducted to measure the dermal uptake rates of pesticides in concentrated and in-use commercial
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formulations at exposure levels that are typical of agricultural applications. Quantitative pesticide exposure
assessments among agricultural workers and their families will provide this additional data.

NIOSH and NIOSH-funded researchers are uniquely suited to carry on this work. Past and current laboratory and
field work has been done on worker pesticide exposure. NIOSH is currently leading surveillance on pesticide
exposure in the U.S. NIOSH-funded Agricultural Safety and Health Centers have completed multiple projects on
various aspects of pesticide exposure to workers. Recently completed studies include neuromotor and work
injury risk after pesticide exposure, discovering improved methods to assess pesticide exposure, reducing
pyrethroid pesticide exposures in dairy workers, and pesticide safety in tree fruit growers.

Intermediate goal 3.2 (Infectious disease transmission):
Employers, workers, other government agencies, non-governmental organizations, and professional associations
use NIOSH information to prevent zoonotic disease transmission from animals to agriculture workers.

Health Outcome Research Focus Worker Population Research Type
A | Infectious diseases | Understanding disease Livestock agriculture Basic/etiologic
transmission to and from workers Surveillance research

animals (e.g., bird and
swine influenza, unknown
and emerging infections)

Activity Goal 3.2.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand

infectious disease transmission between agriculture workers and livestock.

Activity Goal 3.2.2 (Surveillance Research): Conduct surveillance research to develop new methods and

tools to track infectious disease transmission between agricultural workers and livestock.

Burden

Diseases shared by humans and animals are likely to affect agricultural workers and their families. Examples of
pathogens causing zoonotic diseases include Escherichia coli 0157:H7, Salmonella, and Cryptosporidium. Daly
and Hill [2016] found Cryptosporidiosis and E. coli infection as two especially harmful diseases from farm
exposure in a rural setting, whose burden may be larger than previously considered. Little information is
available describing specific risk factors on the farm for developing a zoonotic disease and how frequently
agricultural workers and their families get sick from food animals. Surveillance of zoonotic disease is critiqued as
being challenging and progressing slowly [GAO 2010]. Most new or emerging infectious diseases (3 out 4) are
zoonotic, transmitted between animals and humans [CDC 2016]. Zoonotic avian viral strains, such as the highly
pathogenic H5N1 or H7N7 virus strains, can cause an influenza pandemic should they become communicable
between people [NIOSH 2008].

Need

Currently, information is lacking on how frequently these infections occur among agricultural workers, what the
specific risk factors are for becoming ill from a zoonotic disease, and what preventive measures may be most
effective. NIOSH is frequently called on to help develop guidance on protecting these workers during outbreaks.
Information gained from this research is critical in aiding the development of guidance. Research on surveillance
(i.e. Cryptosporidiosis and Escherichia coli listed above), transmission, risk assessment, infectious disease
networks, prevention, and control measures for U.S. workers is lacking and should be addressed. While it’s clear
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that agricultural exposures are linked to infectious disease transmission, surveillance data is known to be
meager [Klumb et al. 2013]. NIOSH is funding Agriculture Safety and Health Centers around the country, and
many of them have experience and facilities to do work on zoonotic diseases. By understanding how to minimize
the risk of zoonotic disease transmission, public health professionals can safeguard worker and community
health.
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Healthcare and Social Assistance/Immune, Infectious and Dermal Disease
Prevention (HSAXIID)

Participating core and specialty programs: Authoritative Recommendations, Emergency Preparedness and

Response, Exposure Assessment, Personal Protective Technology, and Translation Research.

Intermediate goal 3.3 (Infectious disease transmission):
Employers, workers, professional associations, and manufacturers use NIOSH information to prevent the

transmission of pathogens, including drug-resistant organisms, among workers in human and veterinary

healthcare settings.

NOTE: Goals in bold in the table below are priorities for extramural research

A

B

D

G

Health Outcome
Bloodborne
pathogen infection

Bloodborne
pathogen infection

Bloodborne
pathogen infection
Influenza and
emerging work-
related pathogen
infection

Influenza and other
healthcare
associated-
infections

Influenza and other
vaccine-
preventable
diseases

Influenza and other
diseases
transmitted by
contact/droplet
sprays

Influenza and other
work-related
infectious diseases

Influenza

Research Focus
Sharps injury prevention
technology

Sharps injury prevention
(safety culture)

Sharps injury reporting

Understanding modes of
transmission

Ultraviolet germicidal
irradiation utility, Surface
disinfection

Vaccinations are
underutilized

Handwashing best
practices underused

Personal protective
equipment (PPE) (e.g.,
barrier PPE such as gowns,
gloves, eye protection; and
respiratory protection)
Lack of Industry/
occupation variables in
surveillance systems

Worker Population
Management, workers
who use sharps medical
devices

Management, workers
(human or veterinary
settings)

Management, workers who
use sharps medical devices
Workers in pediatrics, acute
care, daycare centers,
others as needed to
address outbreaks (human
or veterinary)

Workers in pediatrics, acute
care, daycare centers,
others as needed to
address outbreaks (human
or veterinary)

All healthcare workers
(esp. long-term care, home
care), veterinary and
animal care (VM/AC)
workers

All healthcare and VM/AC
workers

All healthcare and VM/AC
workers

All healthcare and VM/AC
workers
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Intervention

Translation

Surveillance research

Basic/etiologic

Intervention

Translation

Translation

Intervention

Translation

Surveillance research
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Health Outcome Research Focus Worker Population Research Type

J | Tuberculosis Rapid identification and Workers in hospitals, Basic/etiologic
isolation of contagious urgent care, homeless
individuals shelters, others as needed

to address outbreaks
(human or veterinary)
K | Infection by drug- Barriers to implementing Workers in hospitals, Translation
resistant organisms | existing recommendations | urgent care, homeless
shelters, others as needed
to address outbreaks
(human or veterinary)

L | Tuberculosis Improved surveillance for All healthcare workers Surveillance research
work-related transmission
M | Zoonotic diseases Improved surveillance VM/AC Surveillance research

Activity Goal 3.3.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand

influenza aerobiology and transmission in healthcare settings and develop improved approaches to
rapidly identify patients with active tuberculosis.

Activity Goal 3.3.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of

interventions to prevent transmission of work-related infectious disease among workers in human and
veterinary healthcare settings.

Activity Goal 3.3.3 (Translation Research): Conduct translation research to understand barriers to

implementation and aid in implementation of best practices for preventing the transmission of work-
related infectious disease in human and veterinary healthcare settings.

Activity Goal 3.3.4 (Surveillance Research): Conduct surveillance research to evaluate and track the

burden of work-related infectious disease among workers in human and veterinary healthcare settings.

Burden

Occupational infectious diseases are an important hazard for Healthcare and Social Assistance (HCSA) workers
caring for human patients. Examples include bloodborne pathogens such as Hepatitis B virus (HBV), Hepatitis C
virus (HCV), and Human Immunodeficiency Virus (HIV); tuberculosis (TB); and seasonal influenza. Sharps injuries
are important risk factors for transmission of bloodborne pathogens such as HIV, HBV, and HCV. In 2009, it was
estimated that there were about 385,000 percutaneous injuries in U.S. hospital-based healthcare and social
assistance (HCSA) workers alone each year [NIOSH 2009]. Several well-known emerging infectious diseases
affecting healthcare workers in recent years have included 2009 HIN1 pandemic influenza, Ebola, and Middle
Eastern Respiratory Syndrome (MERS). A 2015 report indicated that Ebola had killed about 8% of the healthcare
workers in Liberia and about 7% in Sierra Leone [Evans et al. 2015]. A recent meta-analysis of the world
literature on infection of healthcare personnel during the 2009 H1N1 influenza pandemic found an
approximately two-fold increased risk relative to the general population [Lietz et al. 2016]. Multi-drug resistant
organisms present a growing challenge for workers in the HCSA sector, with 88 cases of multidrug resistant TB
and one case of extensively drug-resistant TB identified in the U.S. in 2015 [CDC 2017]. Occupational infectious
diseases are also an important hazard for veterinary medicine/animal care (VM/AC) workers, who face the
hazard of zoonotic (animal-to-human) transmission of infectious diseases such as brucellosis, rabies and other
zoonotic diseases.
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Need

Surveillance information on sharps injuries is an immediate research need for the HCSA sector. Research is also
needed to develop surveillance methods to document the burden of infectious disease transmission in VM/AC
workers. Currently, innovation and evaluation of sharps injury prevention technology and safety culture is
lacking. This research could produce engineering and administrative controls along with other best practices to
reduce sharps injuries. Research gaps regarding the pathways of transmission, environmental persistence, and
vulnerability of pathogens to disinfection strategies need to be addressed, specifically for influenza and
tuberculosis. Better intervention design to prevent workplace transmission of infectious diseases and
documentation of effectiveness of strategies such as use of respiratory protection and air disinfection with
ultraviolet germicidal irradiation to prevent influenza transmission would be a significant contribution to the
protection of HCSA workers. Identification and elimination of barriers to intervention dissemination such as
implementation of effective engineering controls (e.g., environmental controls and safe sharps devices),
handwashing, vaccination, providing sick leave for contagious workers, and the appropriate availability and use
of personal protective equipment (PPE) is needed.

Intermediate goal 3.4 (Exposures related to asthma and other immune diseases):
Employers, workers, professional associations, and others use NIOSH information to prevent chemical exposures
that contribute to immune diseases among healthcare and social assistance workers.

NOTE: Goals in bold in the table below are priorities for extramural research

Health Outcome Research Focus Worker Population* Research Type
A | Dermatitis Exposure characterization Home healthcare workers Basic/etiologic
to novel agents
B | Asthma Exposure to cleaning agents | Environmental workers, Basic/etiologic
and disinfectants nursing assistants, nurses
C | Effect of chronic Exposure to cleaning agents = Environmental workers, Basic/etiologic
low dose exposure | and disinfectants nursing assistants, nurses
D | Asthma Adherence to best Environmental workers, Translation
practices re: cleaning nursing assistants, nurses
agents
E  Asthma Exposure to surgical smoke | Workers in inpatient and Basic/etiologic
outpatient surgical facilities
F | Dermatitis Use of latex gloves and Nurses Basic/etiologic
disinfectants
G  Immune diseases Exposure characterization Respiratory therapists Basic/etiologic
aerosolized medication Intervention
H | Infections Host susceptibility Older workers and other Basic/etiologic

vulnerable workers,
workers with chronic
disease

*See definitions of worker populations

Activity Goal 3.4.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better characterize

exposures to hazardous chemicals and understand the relationship between hazardous exposures and
immune diseases among healthcare and social assistance workers.
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Activity Goal 3.4.2 (Intervention research): Conduct studies to develop and assess the effectiveness of

interventions to prevent exposures to aerosolized medications linked to immune diseases among
healthcare and social assistance workers.

Activity Goal 3.4.3 (Translation Research): Conduct translation research to understand barriers and aids

to implementing best practices regarding cleaning agents and disinfectants linked to immune diseases in
healthcare and social assistance workplaces.

Burden

Irritant contact dermatitis is very common in nurses, with prevalence documented by surveys ranging from 25-
50% [WHO 2009]. Hand dermatitis resulting from frequent hand hygiene and use of occlusive gloves is especially
common. Allergic contact dermatitis can also occur as a result of immune sensitization to agents contacting the
skin [WHO 2009]. Healthcare workers have one of the highest prevalences of occupational asthma at 8.8%,
compared to 7.2% among all workers [NIOSH 2013]. Healthcare workers account for about 16% of all
occupational asthma cases and up to 24% of these cases are due to exposure to cleaning agents [NIOSH 2015].
Chemicals commonly found in healthcare settings that can potentially cause or exacerbate asthma include
cleaning and disinfecting agents, high level disinfectants, anesthetic gases, surgical smoke, aerosolized
medications, and chemical sterilants [Saito et al. 2015; Steege et al. 2014]. Exposure to antineoplastic or
chemotherapy drugs have also been linked to skin rashes and asthma [Skov et al. 1992; Lawson et al. 2012].
Healthcare and social assistance (HCSA) workers are routinely exposed to infectious agents; thus, factors that
potentially impair their resistance to infection such as aging or chronic disease may put them at increased risk.

Need

Characterization of the biological mechanisms between hazardous exposures and immune diseases (i.e. asthma
and dermatitis) in the Healthcare and Social Assistance sector is needed. Of particular interest is identification of
agents that are immune sensitizers and characterizing the immune responses that they induce. Little research
has been focused on environmental services staff despite their high-frequency and long-duration exposures to
cleaning and disinfecting agents. Recommended practices for cleaning and disinfecting in healthcare settings
have been identified, however, infection control practices may not adhere to these guidelines [CDC 2008].
Similarly, respiratory therapists have not been specifically researched despite their exposure to aerosolized
medications. Other targeted groups in the HCSA sector include older workers and workers with chronic diseases
as little is known regarding their susceptibility to infections and whether this puts them at increased risk for
acquisition of work-related infections.

References
CDC [2017]. Tuberculosis — United States, 2016. MMWR 66:289-294,
http://dx.doi.org/10.15585/mmwr.mm6611a2

CDC [2008]. Guideline for disinfection and sterilization in healthcare facilities, 2008. Atlanta, GA: U.S.
Department of Health and Human Services, Centers for Disease Control and Prevention,
https://www.cdc.gov/hai/pdfs/disinfection nov 2008.pdf

Evans DK, Goldstein M, Popova A [2015]. Health-care worker mortality and the legacy of the Ebola epidemic.
Lancet Glob Health 3(8), http://dx.doi.org/10.1016/52214-109X(15)00065-0

HTML version is available at https://www.cdc.gov/niosh/about/strategicplan/ 61


http://dx.doi.org/10.15585/mmwr.mm6611a2
https://www.cdc.gov/hai/pdfs/disinfection_nov_2008.pdf
http://dx.doi.org/10.1016/S2214-109X(15)00065-0

Lawson CC, Rocheleau CM, Whelan EA, Lividoti Hibert EN, Grajewski B, Spiegelman D, Rich-Edwards JW [2012].
Occupational exposures among nurses and risk of spontaneous abortions. Am J Obstet Gynecol 206(4):327,
http://dx.doi.org/10.1016/].ajog.2011.12.030

Lietz J, Westermann C, Nienhaus A, Schablon A [2016]. The Occupational risk of influenza a (H1N1) infection
among healthcare personnel during the 2009 pandemic: a systematic review and meta-analysis of observational
studies. PLoS One. 11(8), http://dx.doi.org/10.1371/journal.pone.0162061

NIOSH [2009]. Bloodborne pathogens and sharps injuries. In: State of the Sector: Healthcare and Social
Assistance. Cincinnati, OH: U.S. Department of Health and Human Services, Centers for Disease Control and
Prevention, National Institute for Occupational Safety and Health, DHHS (NIOSH) Publication No. 2009-139,
https://www.cdc.gov/niosh/docs/2009-139/pdfs/2009-139.pdf

NIOSH [2013]. Healthcare and social assistance industry profile- Figure 4. Prevalence of current asthma among
U.S. adults who worked in the past 12 months by healthcare and social assistance subsector, 2010. Occupational
Health Supplement. National Health Interview Survey. Cincinnati, OH: U.S. Department of Health and Human
Services, Centers for Disease Control and Prevention, National Institute for Occupational Safety and Health,
https://www.cdc.gov/niosh/topics/nhis/healthcareind/hcindfig4.html

NIOSH [2015]. Work-Related Lung Disease Surveillance System (eWoRLD). Morgantown, WV: U.S. Department of
Health and Human Services, Centers for Disease Control and Prevention, National Institute for Occupational
Safety and Health, https://wwwn.cdc.gov/eworld/Data/866

Saito R, Virji MA, Henneberger PK, Humann MJ, LeBouf RF, Stanton ML, Liang X, Stefaniak AB [2015].
Characterization of cleaning and disinfecting tasks and product use among hospital occupations. Am J Ind Med
58(1):101-11, http://dx.doi.org/10.1002/ajim.22393

Skov T, Maarup B, Olsen J, Rgrth M, Winthereik H, Lynge E [1992]. Leukaemia and reproductive outcome among
nurses handling antineoplastic drugs. Br J Ind Med 49(12):855-61.

Steege AL, Boiano JM, Sweeney MH [2014]. NIOSH health and safety practices survey of healthcare workers:
training and awareness of employer safety procedures. Am J Ind Med 57(6):640-52,
http://dx.doi.org/10.1002/ajim.22305

WHO [2009]. WHO guidelines on hand hygiene in health care: first global patient safety challenge clean care is
safer care. Geneva, Switzerland: World Health Organization, https://www.ncbi.nlm.nih.gov/books/NBK144008/

Manufacturing/ Immune, Infectious and Dermal Disease Prevention
(MNFxIID)

Participating core and specialty programs: Center for Maritime Safety and Health Studies, Personal
Protective Technology

Intermediate Goal 3.8 (Hazardous exposures and immune diseases):
Employers, policy-makers, trade associations, and manufacturers use NIOSH information to prevent immune
and dermal diseases among manufacturing workers.
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NOTE: Goals in bold in the table below are priorities for extramural research

Health Outcome Research Focus Worker Population Research Type
A | Dermatitis Exposures to manufacturing = Manufacturing workers Basic/etiologic
chemicals (e.g., metals, with exposures (e.g.,
isocyanates, formaldehyde, | automotive, furniture,
metalworking fluids) plastics, painting, printing,
metalworking)
B | Work-related Mechanistic studies of Manufacturing workers Basic/etiologic
asthma exposures leading to with exposures (e.g.,
allergic sensitization automotive, furniture,

plastics, painting, printing,
metalworking)

C | Hypersensitivity Mechanistic laboratory- Manufacturing workers Basic/etiologic
pneumonitis (HP) based studies of exposures | with exposures (e.g.,
to organic and inorganic automotive, furniture,
substances plastics, painting, printing,
metalworking)
D  Immune Identification of substances = Manufacturing workers Basic/etiologic
suppressive and the mechanism by with exposures (e.g.,
disorders which they cause immune automotive, furniture,
suppression plastics, painting, printing,

metalworking)

Activity Goal 3.8.1 (Basic/etiologic research): Conduct basic/etiologic research to better characterize

exposures related to immune and dermal disorders among manufacturing workers with an emphasis on
studies to better understand basic immunological mechanisms.

Burden

Approximately 82,000 chemicals are currently used in industry with an estimated 700 new chemicals being
introduced annually resulting in a high potential for occupational exposure [GAO 2005]. Occupational exposures
to chemicals can result in numerous diseases which can adversely affect an individual’s health and capacity to
perform at work. The associated direct and indirect costs have been estimated to exceed $1 billion annually in
the United States alone [Cashman et al. 2012, Mancini et al. 2008]. The two most common routes of occupational
exposure to chemicals is through the skin and lungs. Hundreds of chemicals present in virtually every industry
(metals, epoxy and acrylic resins, rubber additives, chemical intermediates) have been identified to cause immune
mediated disorders such as contact dermatitis and asthma or other systemic effects [Anderson and Meade 2014].
The manufacturing sector includes a number of professions such as printing, petroleum and coal products
manufacturing, chemical manufacturing, automotive manufacturing, plastic and rubber products manufacturing,
metal manufacturing and furniture manufacturing in which a high potential for exposure to toxic chemicals exists.
Contact dermatitis is the second most commonly reported occupational illness accounting for 10% to 15% of all
occupational diseases and the Manufacturing sector has the highest number of cases (26,000) and the second
highest reported incidence (139 per 100,000) of occupational skin diseases among major industries [Lushniak
2003]. Additionally, there are over 80 chemicals used in the manufacturing sector including amines, acrylates, acid
anhydrides, and isocyanates that are associated with occupational asthma. Isocyanates (chemicals used in many
products, including polyurethane foams and automotive paint) are considered to be some of the most common
occupational asthmogen:s.

HTML version is available at https://www.cdc.gov/niosh/about/strategicplan/ 63



Need

Chemicals are used very commonly in workplaces for purposes such as cleaning and in manufacturing and
production processes. At the same time, there is a responsibility to provide a safe and healthy environment for
workers. While immunological mechanisms are thought to underlie certain occupational disorders due to
chemical exposures, research in this area is still lacking. Overall, there is a need to better understand the adverse
impact of chemicals on occupational immune health.

To minimize the hazards of dermal and respiratory occupational exposures and immune diseases, research is
needed to understand the mechanisms driving the diseases in the context of exposure. Exposure monitoring is
important to identify and quantify workplace occupational chemical exposures as well as help guide the
development of control interventions. Further, these data can help to determine the chemical source and route(s)
of exposure, the effectiveness of engineering controls, how to improve work practices, selection of appropriate
personal protective equipment, and provide risk assessment guidance to risk managers. Workers should be aware
not only of the hazards associated with the chemicals in their work environment but also the best ways to protect
themselves from exposure and disease. Research involving matching the personal protective
technology/equipment (PPE) appropriate to the hazard is needed in the manufacturing sector. Different glove
materials differ in their ability to prevent dermal hazards and research is needed in this area regarding the
protective factors of gloves and their ability to protect manufacturing workers from dermal exposures.
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Oil and Gas Extraction/Immune, Infectious and Dermal Disease Prevention
(OGEXIID)

Participating core and specialty programs: Authoritative Recommendations, Engineering Controls, Exposure
Assessment, and Small Business Assistance.

Intermediate goal 3.5 (Hazardous dermal exposures):
Employers, policy-makers, trade associations, and manufacturers use NIOSH information to prevent hazardous

dermal exposures among oil and gas extraction workers.

Health Outcome Research Focus Worker Population* Research Type

A | Unknown (possibly | Hazardous dermal Drilling contractors, small Basic/etiologic
dermatitis, organ exposures (e.g., drilling businesses Intervention
toxicity) fluid)

*See definitions of worker populations

Activity Goal 3.5.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better characterize

dermal exposure to drilling fluids among oil and gas extraction workers.

Activity Goal 3.5.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of

interventions to prevent hazardous dermal exposures to drilling fluid among oil and gas extraction
workers.

Burden

There were 540,000 workers employed in the U.S. oil and gas extraction (OGE) sector in 2015; nearly two-thirds
were employed as contract workers [BLS 2016]. These estimates don’t include thousands more contractors and
self-employed workers from other industry sectors working at oil and gas worksites, completing tasks such as
hauling equipment and water, constructing roads and new oil and gas well pads, and servicing existing ones. Qil
and gas extraction workers face significant risks for a variety of acute and chronic exposures, including hydrogen
sulfide, potentially lethal exposures to hydrocarbons [CDC 2016], respirable crystalline silica, acid gases, drilling
muds, diesel particulate matter, naturally occurring radioactive material and lead. While field studies are
ongoing, much more work remains to fully characterize dermal hazards to workers in the oil and gas extraction
sector. In addition, dermal exposures to toxic chemicals used within the industry present a broadly recognized
but difficult to quantify burden related to the ability of these chemicals to be dermally absorbed into the body
and contribute to systemic toxicity.

Need

Few scientifically rigorous published studies exist for OGE activities. As a result, the magnitude of exposures for
workers to the drilling fluids (i.e. muds), minerals, and formulation amendments used during drilling activities
are unknown, demonstrating the need for systematic investigations of these exposure risks on worker safety
and health. Because of the concerns of workers’ exposures to these drilling compounds, some drilling
contractors have implemented engineering controls such as operator control rooms, enclosures for drilling fluids
and (drilling) mud pits, exhaust ventilation, automated samplers, remote handling of additives, and barriers to
separate travel pathways from areas of increased exposure [Steinsvag et al. 2006; Murray et al. 2009]. To date,
there are no scientifically rigorous studies that assess the extent of the use of such controls throughout the
industry or the effectiveness of such interventions to control exposures during the U.S. onshore drilling process.
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NIOSH has established credibility with this industry, including a track record of conducting useful, objective
research, and a successful collaborative council with partners from industry, academia, and trade associations.
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Public Safety/Immune, Infectious and Dermal Disease Prevention (PSSxIID)
Participating core and specialty programs: Emergency Preparedness and Response, Personal Protective
Technology

Intermediate goal 3.6 (Infectious disease transmission):
Employers, workers, professional associations, policy-makers, researchers, and consensus standard
organizations use NIOSH information to prevent transmission of infectious disease among public safety workers.

NOTE: Goals in bold in the table below are priorities for extramural research

Health Outcome Research Focus Worker Population Research Type
A | Infectious disease Adapt guidelines to Corrections and law Intervention
(e.g., tuberculosis, prevent exposure to blood @ enforcement subsectors
hepatitis) and bodily fluids
B | Infectious disease Exposures to airborne and Corrections, law Basic/etiologic
(e.g., tuberculosis vector-borne infectious enforcement, fire service, Surveillance research
influenza) diseases and emergency medical
service (EMS) subsectors
C | Infectious disease Underutilization of Corrections and law Intervention
(e.g., tuberculosis, | personal protective enforcement subsectors Translation
influenza) equipment (PPE) to

prevent infectious disease
transmission

D | Infectious disease No reporting of infectious Corrections, law Surveillance research
(e.g., tuberculosis, | disease exposures; enforcement, and EMS
influenza) Industry/occupation subsectors

variables not included in
existing surveillance
systems
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Activity Goal 3.6.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand

relationship between exposures to airborne and vector-borne infectious diseases among public safety
workers.

Activity Goal 3.6.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of

interventions to prevent the transmission of infectious diseases among law enforcement and corrections
workers.

Activity Goal 3.6.3 (Translation Research): Conduct translation research to understand barriers and aids

to effective use of PPE to prevent infectious disease transmission among law enforcement and
corrections workers.

Activity Goal 3.6.4 (Surveillance Research): Conduct surveillance research to develop new methods and

tools to measure infectious disease exposures among public safety workers.

Burden

The public safety sector workforce includes emergency medical service (EMS), corrections, law enforcement and
fire service. These public safety professionals can be exposed to airborne and vector-borne infectious diseases
and blood and bodily fluid disease causing pathogens in performing their duties. These regularly include
tuberculosis, human immunodeficiency virus (HIV), Hepatitis B and C, influenza, and methicillin-resistant
Staphylococcus aureus (MRSA), with the additional potential to involve emerging or epidemic threats such as
but not limited to Ebola.[Thomas et al. 2017; Roberts 2014; Amiry et al. 2013; Sayed et al.2011; Gershop et al.
2007; Speers 2014; IAFF 2000] EMS and fire service workers provide lifesaving, medical support and other
functions in unpredictable and uncontrolled environments and under adverse conditions which can increase the
risk of exposure. [Sayed 2011]. Corrections officers can be exposed to a variety of infectious agents when
interacting with detainees and inmates [Bick 2007; Gershop et al. 2007]. Infectious agents vary in their routes of
transmission and can occur via contact with the skin, mucous membranes such as the eyes and nose, or
inhalation. Not wearing appropriate personal protective equipment (PPE) such as respiratory protection,
eye/face protection, gloves and gowns can increase the risk of exposures.

Need

Public safety workers, especially law enforcement and corrections officers face volatile work situations and
encounters with uncooperative individuals. The work environment often is an uncontrolled setting with the
possibility of exposure to large amounts of blood and bodily fluids. Surveillance research needs to be conducted
on the development and implementation of new methods and tools to gather data, measure and report the
extent of infectious disease exposures among these workers. Basic research needs to be conducted to better
define the exposure pathways to airborne and vector-borne diseases among public safety workers. Interventions
to prevent exposures and transmissions of infectious diseases needs to be developed and studies conducted to
demonstrate their effectiveness. Translational research is needed to understand the barriers to the adoption
and use of PPE among law enforcement and corrections workers and to translate OSHA and NIOSH fact sheets
and publications to other languages to increase their utility to the public safety workers.
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Intermediate goal 3.7 (Hazardous exposures to illicit drugs):
Employers, workers, professional associations, policy-makers, researchers, and standard setting bodies use
NIOSH information to prevent dermal exposure to illicit drugs among public safety workers.

Health Outcome Research Focus Worker Population Research Type
A | Fatality, systemic Exposure to fentanyl and Law enforcement and Basic/etiologic
toxicity other illicit drugs emergency medical service | Surveillance research
(EMS) subsectors
B | Fatality, systemic How to respond to Law enforcement and EMS | Intervention
toxicity potential exposures to subsectors
fentanyl and other illicit
drugs

Activity Goal 3.7.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand the

health effects of dermal exposures to illicit drugs among law enforcement and EMS workers.

Activity Goal 3.7.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of

interventions to mitigate potential dermal exposures to illicit drugs among law enforcement and EMS
workers.

Activity Goal 3.7.3 (Surveillance Research): Conduct surveillance research to develop new methods and

tools to measuring dermal exposures to illicit drugs among law enforcement and EMS workers.

Burden

Between 2000 and 2014, the death rate from drug over dosage in the U.S. has more than doubled, and in 2014,
61% of drug overdose deaths involved some type of opioid, including heroin [CDC 2016]. The rate of drug
overdose deaths involving synthetic opioids (e.g., fentanyl and tramadol) and non-pharmaceutical fentanyl
manufactured in illegal laboratories (illicit fentanyl) nearly doubled between 2013 and 2014 [CDC 2016]. Reports
from law enforcement agencies indicate that synthetic opioid overdoses may be due to illegally made fentanyl.

Fentanyl and its analogues pose a potential hazard to a variety of responders who could come into contact with
these drugs in the course of their work. Possible exposure routes to fentanyl and its analogues can vary based
on the source and form of the drug. Responders are most likely to encounter illicitly manufactured fentanyl and
its analogues in powder, tablet, and liquid form. Potential exposure routes of greatest concern include
inhalation, mucous membrane contact, ingestion, and percutaneous exposure (e.g., needlestick). Any of these
exposure routes can potentially result in a variety of symptoms that can include the rapid onset of life-
threatening respiratory depression. Skin contact is also a potential exposure route, but is not likely to lead to
overdose unless large volumes of highly concentrated powder are encountered over an extended period of
time. Brief skin contact with fentanyl or its analogues is not expected to lead to toxic effects if any visible
contamination is promptly removed [NIOSH 2018].

Need

Surveillance research needs to be conducted to development new procedures, methods, and tools for gathering
illicit drug exposure data for law enforcement and EMS workers. Basic research is needed to better understand
the physical health effects of contacting opioids and the emotional effects including trauma, long term stress
resulting from illicit drug exposures among law enforcement and EMS workers. Studies need to be completed to
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assess the modes of exposure that are of greatest risk and the effectiveness of interventions to mitigate the
potential exposures to illicit drugs among law enforcement and EMS workers.
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Services/Immune, Infectious and Dermal Disease Prevention (SRVXIID)
No participating core and specialty programs

Intermediate Goal 3.9 (Hazardous exposures and immune diseases):
Employers, policy-makers, trade associations, and manufacturers use NIOSH information to prevent immune and
dermal diseases among services sector workers.
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NOTE: Goals in bold in the table below are priorities for extramural research

Health Outcome
A | Dermatitis

B | Work-related
asthma

C | Hypersensitivity
pneumonitis (HP)

D  Immune
suppressive
disorders

Research Focus
Exposures to chemicals
(e.g., biocides, pesticides,
solvents, acrylates)

Mechanistic studies of
exposures leading to
allergic sensitization (e.g.,
high molecular weight, low
molecular weight antigens,
microbiological exposures)
Mechanistic laboratory-
based studies of exposures
to organic and inorganic
substances

Identification of substances
and the mechanism by
which they cause immune

Research Type
Basic/etiologic

Worker Population
Service workers with
exposures (e.g., personal
care, building maintenance,
food handling and
preparation, automotive)
Service workers with
exposures (e.g., personal
care, food handling and
preparation, building
maintenance, office
workers, education)
Service workers with
exposures (e.g., building
maintenance, office
workers, education)
Service workers with
exposures (e.g., personal
care, food handling and

Basic/etiologic

Basic/etiologic

Basic/etiologic

preparation, building
maintenance, office
workers, education)

suppression

Activity Goal 3.9.1 (Basic/etiologic research): Conduct basic/etiologic research to better characterize
exposures related to immune and dermal disorders among services sector workers with an emphasis on

studies to better understand basic immunological mechanisms.
Burden

Services sector workers are routinely subjected to a wide array of exposures that can lead to chronic disease
including immune-mediated diseases. The Personal Care Services component of the sector employs approximately
1.45 million [BLS 2017]. Many of these workers are employed in hair and nail salons and are exposed to a variety
of chemicals that potentially cause a number of health effects, including allergic and irritant contact dermatitis
[Lyons et al. 2013]. These skin disorders have been associated most commonly with chemical exposures from the
detergents/surfactant/colors/fragrances present in shampoos, additives such as preservatives or biocides,
permanent wave solutions, bleaching agents, fragrances or dyes present in other hair product formulations,
acrylates used for nail art acrylic products, and nickel sulfate used in the cosmetology equipment [Hougaard et al.
2012, Krecisz et al. 2011, Landers et al. 2003, Uter et al. 1998, Warshaw et al. 2013].

There are approximately 2.5 million workers employed in building services. These individuals are exposed to
pesticides and other chemicals, solvents, asbestos, lead, as well as microbial agents such as bacteria and fungi
[OSHA 2017]. Allergic diseases such as dermatitis and asthma are common among workers that have cleaning
related occupational tasks. Additionally, there are 1.8 million workers employed in the hotel industry. Hotel room
cleaners are likewise exposed to chemicals and other sources of high molecular weight proteins that can result in
allergic sensitization or the development and exacerbation of dermatitis and asthma.
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Food preparation and handling can also be a source of worker exposure to high molecular weight allergens derived
from a variety of botanical, animal, or seafood sources. Personal exposure to high molecular weight allergens
during preparative stages can result in allergic sensitization and occupational asthma. Although broadly
characterized in European studies, these scenarios are an emerging issue within the United States especially due
to the rapid growth of the food preparation and meal delivery industries [Bauer et al. 2017, Cartier 2010,
Desjardins et al. 1995, Lopata and Jeebhay 2013, Zuskin et al. 1992, Green et al. 2011].

Moisture damage within the built environment continues to be a public health burden in the United States and
has resulted in community and worker concern regarding personal exposures to microorganisms including fungi
and fungal associated byproducts. Dampness and fungal contamination are commonly identified within US schools
[Sahakian 2008, GAO 1990]; however little is known about the effects of reduced indoor air quality on teachers’
health. Recent studies have identified that the teachers work environment can be the source of a range of adverse
respiratory health effects including self-reported sinus problems, headache, allergies/nasal congestion, and throat
irritation.

Workers in repair and maintenance (such as automotive technicians) and personal services (such as hair dressers
and nail technicians) are also exposed to an array of industrial chemicals including heavy metals contained in break
fluids, degreasers, detergents, lubricants, metal cleaners, paints, fuel, solvents, etc. [International Labour
Organization 2000]. In these fields, there is an increased prevalence of potential skin hazards of 52.4% and 51.5%,
respectively, compared to 20.5% in all industries [NIOSH 2010].

Need

Hazards for Services workers include pesticides, cleaning compounds, microbial agents, high molecular weight
allergens and other secondary metabolites, solvents, and degreasing agents. Studies evaluating the immunological
hazards from exposure to many of these agents are needed. Indoor dust including bacteria and fungi as well as
high molecular weight allergens (dust mite and pets) and chemical irritants have been associated with many
symptoms but there continues to be a lack of understanding of the immunological mechanisms and the diversity
of microorganisms and other chemical exposures that contribute to these health effects [Kielb et al. 2015].
Considering that the service sector employs over 70 million workers, research on work-related immune diseases
is needed.

References

Bauer A, Geier J, Elsner P [2002] Type IV allergy in the food processing industry: sensitization profiles in bakers,
cooks and butchers. Contact Dermatitis 46(4):228-235.

BLS [2017] Personal and Laundry Services: NAICS 812. Washington, D.C.: U.S. Department of Labor, Bureau of
Labor Statistics, https://www.bls.gov/iag/tgs/iag812.htm.

Cartier A [2010]. The role of inhalant food allergens in occupational asthma. Curr Allergy Asthma Rep 10(5):349-
356.

Desjardins A, Malo JL, L'Archevéque J, Cartier A, McCants M, Lehrer SB [1995]. Occupational IgE-mediated
sensitization and asthma caused by clam and shrimp. J Allergy Clin Immunol 96(5 Pt 1):608-617.

HTML version is available at https://www.cdc.gov/niosh/about/strategicplan/ 71


https://www.bls.gov/iag/tgs/iag812.htm

GAO [1996]. America’s schools report differing conditions. Washington, DC: US General Accounting Office,
Health, Education, and Human Services Division, https://www.gao.gov/products/HEHS-96-103.

Green BJ, Cummings KJ, Rittenour WR, Hettick JM, Bledsoe TA, Blachere FM, Siegel PD, Gaughan DM, Kullman
GJ, Kreiss K, Cox-Ganser J [2011]. Occupational sensitization to soy allergens in workers at a processing facility.
Clin Exp Allergy 41(7):1022-1030.

Hougaard MG, Menne T, Sosted H [2012]. Occupational eczema and asthma in a hairdresser caused by hair-
bleaching products. Dermatitis 23(6):284-287.

Kielb C, Lin S, Muscatiello N, Hord W, Rogers-Harrington J, Healy J [2015]. Building-related health symptoms and
classroom indoor air quality: a survey of school teachers in New York State. Indoor Air 25(4):371-80.

Krecisz B, Kiec-Swierczynska M, Chomiczewska D [2011]. Dermatological screening and results of patch testing
among Polish apprentice hairdressers. Contact Dermatitis 64(2):90-95.

Landers MC, Law S, Storrs FJ [2003]. Permanent-wave dermatitis: contact allergy to cysteamine hydrochloride.
Am J Contact Dermat 14(3):157-160.

Lopata AL, Jeebhay MF [2013]. Airborne seafood allergens as a cause of occupational allergy and asthma. Curr
Allergy Asthma Rep 13(3):288-297.

Lyons G, Roberts H, Palmer A, Matheson M, Nixon R [2013]. Hairdressers presenting to an occupational
dermatology clinic in Melbourne, Australia. Contact Dermatitis 68(5):300-306.

NIOSH [2010]. National Health Interview Survey Occupational Health Supplement. Cincinnati, OH: U.S.
Department of Health and Human Services, Centers for Disease Control and Prevention, National Institute for
Occupational Safety and Health, https://www.cdc.gov/niosh/topics/nhis/profile.htmil.

OSHA [2017]. Landscape and horticultural service: hazards and solutions. Washington, DC: Department of Labor,
Occupational Safety and Health Administration,
https://www.osha.gov/SLTC/landscaping/hazards.html#pesticideschemicals.

Sahakian NM, White SK, Park JH, Cox-Ganser JM, Kreiss K [2008]. Identification of mold and dampness-
associated respiratory morbidity in 2 schools: comparison of questionnaire survey responses to national data. J
Sch Health 78(1):32-37.

Uter W, Schnuch A, Geier J, Frosch PJ [1998]. Epidemiology of contact dermatitis. The information network of
departments of dermatology (IVDK) in Germany. Eur J Dermatol 8(1):36-40.

Warshaw EM, Kwon GP, Mathias CT, Maibach HI, Fowler Jr JF, Belsito DV, Sasseville D, Zug KA, Taylor JS,
Fransway AF, DeLeo VA [2013]. Occupationally related contact dermatitis in North American food service
workers referred for patch testing, 1994 to 2010. Dermatitis 24(1):22-28.

Zuskin E, Kanceljak B, Schachter EN, Witek TJ, Maayani S, Goswami S, Marom Z, Rienzi N [1992]. Immunological
and respiratory changes in animal food processing workers. Am J Ind Med 21(2):177-191.

HTML version is available at https://www.cdc.gov/niosh/about/strategicplan/ 72


https://www.gao.gov/products/HEHS-96-103
https://www.cdc.gov/niosh/topics/nhis/profile.html
https://www.osha.gov/SLTC/landscaping/hazards.html#pesticideschemicals

Strategic Goal 4: Reduce occupational musculoskeletal disorders

(MSDs)

Agriculture, Forestry and Fishing/Musculoskeletal Health (AFFxMUS)

Participating core and specialty programs: Center for Occupational Robotics Research, Center for Maritime

Safety and Health Studies

Intermediate goal 4.1 (Exposure to vibration and repetitive motion):
Researchers, safety and health professionals, professional associations, foundations and employers use NIOSH

information to prevent musculoskeletal disorders among agriculture, forestry and fishing workers, especially

considering the aging workforce.

NOTE: Goals in bold in the table below are priorities for extramural research

Health Outcome

Research Focus

Worker Population

Research Type

A | Musculoskeletal
disorders (MSDs)

B | Back and upper
extremity MSDs

C MSDs

D | MSDs

E | Hand and upper
body MSDs

F | Upper body MSDs

G | MSDs

Whole body vibration (e.g.,
sit on/ride in old
equipment)

Repetitive motion (e.g.,
bending over, long working
hours, robotics)

Manual harvesting

Whole body vibration (e.g.,
mechanized harvesters)
Hand and upper extremity
vibration (e.g., work at tree
stump, chainsaws use)
Repetitive motion

Lifting (e.g., product)

Agriculture subsector; aging
workers and other
vulnerable workers

Dairy workers; aging
workers and other
vulnerable workers
Agriculture subsector; aging
workers and other
vulnerable workers
Forestry subsector

Forestry subsector

Commercial fishing workers

Seafood processing
workers

Basic/etiologic

Intervention

Intervention

Basic/etiologic

Intervention

Basic/etiologic
Intervention
Intervention
Translation

Activity Goal 4.1.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand

relationship between exposures to vibration and repetitive motion and musculoskeletal disorders

among agriculture, forestry and fishing workers.

Activity Goal 4.1.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of

interventions and public health practice efforts to prevent musculoskeletal disorders among agriculture,

forestry and fishing workers.

Burden

Work-related musculoskeletal disorders (MSDs) have been described as one of the foremost adverse work-

related health conditions among farm workers [Taghavi et al. 2017]. Several studies have shown increased risk

of developing MSDs among agricultural workers compared to other occupational groups [Holmberg et al. 2002;
Maetzel et al. 1997; Manninen 1996; Morse et al. 2007; Stiernstrom et al. 1998]. Annual prevalence of
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musculoskeletal symptoms has been estimated between 40% and 73% among U.S. agricultural workers
[Alterman et al. 2008; Gomez et al. 2003; Rosecrance et al. 2006; Villarejo and McCurdy 2008]. Significant
associations were observed between performing equipment repair and maintenance and low back pain; milking
animals and neck/shoulder pain; and manual material handling and elbow/wrist/hand pain, among others
[Fethke et al. 2015].

MSDs are common among workers in the fishing sub-sector as well [Bloswick and Dzugan 2014]. In a study
conducted among commercial fishermen along the coast of North Carolina, 84% reported musculoskeletal
symptoms for any region of the body in the previous 12 months. Of the U.S. fishermen that reported symptoms,
39% indicated that those symptoms were at a level sufficient to limit their work activity in the last year
[Lipscomb et al. 2004]. In a recent study among lobstermen of the Northeast U.S., one half of the respondents
reported low back pain [Fulmer et al. 2017].

There is limited information on the prevalence of MSDs among forestry workers in the U.S. Much of the research
in this area has been conducted in Scandinavia and Europe. In a study among loggers in Poland, the prevalence
of any self-reported MSD symptoms during the last twelve months was 94%. The highest occurrence of
symptoms was for lower back (66%), hands/wrists (50%) and upper back (46%) [Grzywinski et al. 2016].
Additionally, a study among logging machine operators in the Southern U.S., 10.5% reported a MSD diagnosis,
74.3% reported at least mild back pain, and 71.7% reported at least mild neck pain over the past year [Lynch et
al. 2014].

Need

Given that little is known about the background and cause of MSDs among agriculture, commercial fishing, and
forestry workers in the U.S., future research efforts should further characterize hazards in all three of these
extremely labor-intensive sub-sectors. Effective methods for addressing MSD risk factors include reducing the
weight of the load lifted through engineering or administrative controls and using ergonomic guidelines to
design work stations and work tasks. Studies have shown that the incidence of work-related MSDs can be
decreased when workers reduce task repetition and adopt a less extreme working posture. Furthermore, these
modifications may improve symptoms in already affected dairy workers, manual harvesting workers, and
fisherman [NIOSH 1997]. Future research is needed to address reducing biomechanical risk factors (whole body
vibration, static postures, repetitive movements, spine stability, and work duration) in forestry workers, and
taking into consideration possible interactions between these risk factors [Jack and Oliver 2008]. To address
MSD issues in agricultural workers, researchers could develop and target interventions to highly diverse farmer
and farm worker populations, and better identify risk factors for vulnerable occupational groups [Davis and
Kotowski 2007]. The effectiveness of interventions in dynamic workplace environments should also be assessed,
particularly to ensure they fit within the business model of industries [Douphrate et al. 2013].
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Construction/Musculoskeletal Health (CONxMUS)

Participating core and specialty programs: Center for Workers’ Compensation Studies, Center for Direct Reading
and Sensor Technologies, Center for Occupational Robotics Research, Occupational Health Equity, and Small
Business Assistance.

Intermediate goal 4.2 (MSD interventions :
Professional organizations, insurers, workers’ compensation providers, government agencies, and trade unions
use NIOSH information to reduce musculoskeletal disorders among construction workers.

NOTE: Goals in bold in the table below are priorities for extramural research

Health Outcome Research Focus Worker Population* Research Type
A | Musculoskeletal Underuse of existing Masonry, concrete, dry Translation
disorders (MSDs) interventions wall, roofing, and plumbing
(esp. Back injuries, workers; laborers; small
strains and sprains) businesses; vulnerable
workers
B | Musculoskeletal Emerging technology (e.g., | Communication tower, Basic/etiologic
disorders (MSDs) automation, robotics, wind energy, masonry and Intervention
(esp. Back injuries, drones) concrete workers; laborers
strains and sprains)
C | Musculoskeletal Use of exoskeletons Masonry, concrete, dry Intervention
disorders (MSDs) wall, roofing, and plumbing
(esp. Back injuries, workers; laborers; small
strains and sprains) businesses; vulnerable
workers
D | Musculoskeletal Prescription drug (incl. Masonry, concrete, dry Intervention
disorders (MSDs) opioids), illicit drug, and wall, roofing, and plumbing | Surveillance research
(esp. Back injuries, | substance use/misuse workers; laborers; small
strains and sprains) businesses; vulnerable
workers

*See definitions of worker populations

Activity Goal 4.2.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand the

benefits and risks of emerging technologies (e.g., automation, robotics, drones) regarding
musculoskeletal disorders among construction workers.

Activity Goal 4.2.2 (Intervention Research): Conduct studies to develop, enhance, and assess the

effectiveness of interventions to prevent musculoskeletal disorders and use of opioids, illicit drugs, and
other substances among construction workers.

Activity Goal 4.2.3 (Translation Research): Conduct translation research to understand barriers and aids

to implementing effective musculoskeletal injury interventions among construction workers.
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Activity Goal 4.2.4 (Surveillance Research):Conduct surveillance research to develop new approaches to
collecting data on use of opioids, illicit drugs, and other substances and assessing associations with
musculoskeletal injuries among construction workers.

Burden

Musculoskeletal disorders (MSDs) are common among construction workers due to the nature of the work,
which is physically demanding [Schneider et al. 1998]. In 2014, “sprains and strains” represented 27.3% of all
construction injuries and illnesses [BLS 2016a,b] while another 17.3% of injuries and illnesses were from
“soreness, pain,” related to MSDs. Lifetime risk of “overexertion” injuries in construction is about 21%, so more
than 1in 5 construction workers might be expected to get an overexertion injury during their career [Dong, et al.
2014]. Some of the trades that have elevated rates of overexertion injuries include masonry, concrete, drywall,
plumbing, and flooring among others [CPWR 2013]. Back injuries are another concern among construction
workers. In 2010, the rate of back injuries among construction workers was 24.5 per 10,000 FTEs compared to
21.4 for all industries combined [CPWR 2013]. Construction trades with the highest rates of back injuries include
masonry, roofing, drywall, plumbing, and glass and glazing. Many vulnerable workers have an elevated or
disproportionate risk including Hispanic workers, foreign-born workers, workers in small businesses, workers,
younger (teenage) workers and older (55 and over) workers [CPWR 2013]. These injuries have created a
tremendous burden on workers, their families, companies and the health care system [OSHA, 2015].

The construction workforce is aging with a median age in 2015 of 42.7 years [BLS 2016c]. When older workers
are injured, their injuries are more severe injuries and their compensation costs are higher [Dong et al. 2012].
MSDs not only cause days away from work, they also can shorten careers and impact retirement [Welch et al.
2010; LeMasters et al. 2006]. Many construction workers retire in their mid-50s due to MSDs.

MSDs are also a main contributor to the pain epidemic [Carnide et al. 2011], which has resulted in the overuse
and misuse of prescription and illicit drugs including opioids, heroin, and fentanyl [DHHS 2016]. A recent analysis
of workers’ compensation data from 27 states found that workers in mining and construction industries were
more likely than workers in other industries to receive opioids for pain [Thumula and Liu, 2018]. Drug overdose
deaths, including those associated with opioids, have significantly increased in recent years and have
disproportionally impacted construction workers [Hawkins et. Al., 2019; Tiesman et.al, 2019; Harduar Morano
et. Al., 2018]. In Ohio, construction workers were seven times more likely than other workers to die from an
opioid overdose (2010-2016) [CPWR 2018] In one study, over half of those who died from an overdose had
suffered at least one job related injury [Cheng et al. 2013].

Need

Prevention of work-related MSDs has been a major focus of NIOSH research for many years, especially
ergonomic interventions [NIOSH 2007, CPWR 2013]. Ergonomic interventions often pay for themselves by
improving productivity as well as reducing injuries [Hendricks, 1996]. MSDs are a primary cause of occupational
injuries and represent the largest portion of workers compensation costs. However, construction contractors
may not understand the return on investment or improvements to productivity that often comes from making
ergonomics changes. Surveillance and intervention research is needed to attain a better understanding of the
connection between MSD injuries and opioids, illicit drugs, and substance use/misuse and the factors that
influence it. There is also a need to develop and evaluate effective educational, administrative, and policy
interventions to better protect construction workers from this epidemic.
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Research is also needed to effectively develop, enhance, and transfer knowledge and interventions into new or
improved construction equipment and practices. This includes developing and communicating evidence-based
ergonomic prevention and protective measures and graphics-based guidelines. Additional efforts are needed to
transfer findings from this research into influential documents such as guidance and voluntary consensus
standards. There is also a need to translate research findings into software products, applications and interactive
webpages to make information easily accessible for construction stakeholders.

With changes and advances in technology, novel approaches to risk reduction are being developed. For
example, robotics, automation, and exoskeletons (or human augmentation devices) can be used to improve
safety and productivity, and reduce MSD risk factors that can cause back injuries, strains, and sprains. These
devices are rapidly appearing in the workplace despite limited research on their effectiveness in reducing MSDs.
When new technologies enter the workplace, their impact needs to be studied. Research is needed to identify
and document the costs and benefits of the intervention (including any productivity gain). For exoskeletons in
particular, research should aim to include a broad range of body shapes and sizes that reflect the diversity of the
Construction workforce (i.e. men and women; height and weight; race and ethnicity). Research needs to
consider the range of potential interventions for a particular issue including engineering and administrative
controls and their relative advantages. Translation research is also needed to identify and understand the aids
and barriers to adoption and to promote effective solutions to construction decision makers. In many cases this
data does not exist and needs to be collected. These new technologies have the potential to dramatically reduce
the frequency and severity of MSDs in the workplace while also improving productivity. Regardless of the work
system, interventions that are broadly used must be effective at reducing risk and make a strong business case
for adoption.
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Healthcare and Social Assistance/Musculoskeletal Health (HSAxMUS)

Participating core and specialty programs: Center for Occupational Robotics Research, National Center for
Productive Aging and Work, Occupational Health Equity, Safe Skilled Ready Workforce, Surveillance

Intermediate goal 4.8 (MSD interventions):
Employers, workers, professional organizations, researchers, and policy-makers use NIOSH information to
reduce musculoskeletal disorders among healthcare and social assistance workers.
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NOTE: Goals in bold in the table below are priorities for extramural research

Health Outcome Research Focus Worker Population* Research Type
A | Musculoskeletal Burden of hazardous All healthcare workers Surveillance
disorders(MSDs) exposures, ergonomic including veterinary and
impacts and MSDs (with or | animal care (VM/AC)
without impairment) workers; vulnerable
workers and hard to reach
populations
B | Musculoskeletal Identify and address All healthcare workers Translation
disorders (MSDs) barriers to implementation | including veterinary and
and dissemination of animal care (VM/AC)

effective interventions and | workers
to identify key components
of sustainability.
C  Musculoskeletal Evaluate the effectiveness | All healthcare workers Intervention
disorders (MSDs) of safe patient handling
policies and regulations

D | Musculoskeletal Develop and evaluate Vulnerable workers Intervention
disorders (MSDs) interventions for vulnerable
populations
E | Musculoskeletal Evaluation of exoskeletons | All healthcare workers Intervention
disorders (MSDs) or other innovative including veterinary and
approaches to reduce risk = animal care (VM/AC)
of MSDs during patient workers; vulnerable
handling or performing workers and previously
healthcare procedures injured workers

*See definitions of worker populations

Activity Goal 4.8.1 (Intervention research): Conduct studies to evaluate the effectiveness (usefulness

and unexpected results) of innovative approaches to reduce risk for MSDs and to reduce the return-to-
work time among healthcare and social assistance workers with MSDs.

Activity Goal 4.8.2 (Translation Research): Conduct translation research to identify and address barriers

to dissemination and implementation of effective interventions to prevent MSDs,identify key
components of intervention sustainability, and disseminate best practices to prevent MSDs in healthcare
and social assistance workplaces.

Activity Goal 4.8.3 (Surveillance Research): Conduct surveillance research to develop new approaches to

understanding the burden of hazardous exposures, ergonomic impacts and chronic MSDs among
healthcare and social assistance workers not well covered by currently-available surveillance data
sources.

Burden

Working directly with patients, animal or human, poses substantial risk for injury. Physical stressors can result in
a variety of musculoskeletal disorders (MSDs) [OSHA 2015]. Healthcare workers are at high risk of MSDs caused
by overexertion from lifting and moving patients, i.e., patient handling. Among workers in nursing and
residential care subsector, 68.5% report repeated lifting, pushing, pulling, or bending; 16% report frequent,
severe, low back pain in the past 3 months; and 11.6% report low back pain attributed to work [NIOSH 2015]. A
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survey conducted in Minnesota indicates that 31% and 45% of veterinary personnel reported musculoskeletal
disorders working with small animals and large animals, respectively. This rose to 57% among veterinarians
working with large animals [Fowler et al. 2016].

Patient movement and handling is not the only risk factor for MSDs among healthcare and social assistance
workers. MSDs are also frequently found among gastrointestinal endoscopists, surgeons, dentists and other
healthcare personnel who perform procedures in awkward or ergonomically compromised positions [Moodley
et al. 2018, Stucky et al. 2018, Yung et al. 2017].

Need

Safe Patient Handling and Mobility [SPHM] interventions involving the use of ergonomic equipment and
methods to lift and move patients have been demonstrated to result in statistically significant reduction in
injuries [Teeple et al. 2017] and produce savings from injury cost reductions that surpass program costs within
three years on average [Nelson et al., 2006]. Additionally, 11 states have implemented legislation regarding
SPHM practices [ANA 2016, Weinmeyer 2016).] Nevertheless, comprehensive SPHM programs and interventions
are not implemented in many U.S. healthcare settings [Lee et al. 2015]. These programs require support and
implementation throughout the healthcare organization. While SPHM interventions at the worker-level are
important, interventions that occur at the organization level or take a systems-based approach are much more
likely to be sustainable over the long term [The Joint Commission 2012].

In addition, much of the work regarding MSDs has been done in acute healthcare settings. MSD risk factors are
also prevalent in many other subsectors of the healthcare and social assistance workforce (e.g., home health
care); however, these risks have not been fully characterized and assessed. MSDs among workers in the
healthcare and social assistance workforce are often not acute injuries but often the result of continuous injury
and damage that has occurred over a long period of time [Zwerdling 2015]. Injuries among healthcare personnel
who perform repetitive procedures or perform procedures in ergonomically compromised positions are
especially at risk for MSDs, yet a recent systematic review of musculoskeletal pain among surgeons performing
minimally invasive surgery noted the limitations of current literature and the need for high quality exposure and
intervention studies [Dalager et al. 2017]. Emerging engineering controls such as exoskeletons have been shown
to reduce musculoskeletal stress during manual labor [delLooze, et al. 2015], but may have unanticipated
consequences. Among painters and welders, exoskeletons have been found to reduce shoulder discomfort while
increasing productivity and work quality [Butler 2016]. There is a need to explore the risks and benefits of these
and other innovative preventive interventions in healthcare settings to reduce MSD hazards and to disseminate
best practices for these innovative approaches if they are found to be effective.
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Manufacturing/Musculoskeletal Health (MNFxMUS)

Participating core and specialty programs: Center for Maritime Safety and Health Studies, Center for
Occupational Robotics Research, and National Center for Productive Aging and Work.
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Intermediate goal 4.3 (MSDs and emerging technologies [e.g., robots, exoskeletons]):
Employers, workers, researchers, insurance companies, and technology manufacturers use NIOSH information
to utilize emerging technologies to reduce musculoskeletal disorders among manufacturing workers.

Health Outcome Research Focus Worker Population* Research Type
A | Low back, upper Increased use of robotics Where robotics are used Basic/etiologic

extremity (esp. in food, wood Intervention

musculoskeletal product, foundries, and

disorders (MSDs) transportation equipment

manufacturing), workers
with non-standard work
arrangements and other
vulnerable workers
B | Low back, upper Increased use of Workers who do manual Intervention

extremity MSDs exoskeletons material handling tasks
(esp. in food, wood
product, foundries, and
transportation equipment
manufacturing), workers
with non-standard work
arrangements and other
vulnerable workers

C | Low back, upper Using sensors or sensor-less | Workers who do forceful Basic/etiologic
extremity MSDs technologies to measure physical activities using Intervention
risk factors for MSDs torso or upper body (esp. in

food, wood product,
foundries, and
transportation equipment
manufacturing), workers
with non-standard work
arrangements, and other
vulnerable workers

*See definitions of worker populations

Activity Goal 4.3.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better measure risk

factors for musculoskeletal disorders, as well as understand how emerging technologies might help
prevent and/or increase risk of musculoskeletal disorders in the manufacturing sector.

Activity Goal 4.3.2 (Intervention Research): Conduct intervention studies to develop and assess the

effectiveness of interventions to prevent musculoskeletal disorders among manufacturing workers.

Burden

Mechanization and automation has changed the nature of the work demands in the manufacturing industry and
introduced new tasks to the shop floor that never existed previously. Interventions that may have addressed an
issue several years ago may no longer be pertinent to how work is performed now. The incidence rate for
musculoskeletal injuries resulting in days-away-from-work for the manufacturing sector was 33.4 per 10,000
equivalent full-time workers compared to an incidence rate of 29.8 for all private establishments in 2015 [BLS
2016]. This translates to approximately 41,000 severe musculoskeletal injuries in Manufacturing. Manual
material handling tasks, while not entirely eliminated, have changed dramatically in the last 25 years. Work-
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related musculoskeletal disorders (MSDs) or overexertion surveillance data from BLS [2016], Ohio Bureau of
Workers’ Compensation [Meyers et al. 2017], and Washington State Department of Labor and Industries [2017]
offer evidence that the food, wood product, foundries, and transportation equipment manufacturing subsectors
have the greatest burden. However, currently the available data for prioritizing industry burden by body region
(e.g., low back, upper extremities) is limited. Rapid advances in robotics and other emerging manufacturing
technologies are likely to present new risks or exacerbate existing risks due to lack of experience with robots in
varied work settings, potential unforeseen hazards, and unanticipated consequences in the manufacturing
industry.

Need

Overall, there is a need to coordinate current ergonomic guidelines, guidelines and tools to address the
challenges found in current work environments and demands. Research efforts are especially needed to identify
risk factors and prevent MSDs among worker populations who utilize or interact with machinery for material
handling (e.g., conveyors) or processing (e.g., metal or woodworking machines), emerging industrial machines
(e.g., robots, collaborative robots) and vulnerable workers or those with non-standard work arrangements. In
particular there is a need to identify scenarios in which the use of robots and other emerging technologies can
contribute to MSDs. Research must still be accomplished to identify the costs, benefits and effectiveness of the
proposed interventions (including any productivity gains that can be documented). Research is needed to
identify the range of potential interventions for a particular issue including both engineering and administrative
controls and their relative advantages. The adoption and dissemination of effective interventions has the
potential to dramatically reduce the frequency and severity of MSDs in the workplace.
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Mining/Musculoskeletal Health (MINxMUS)

No participating core and specialty programs

Intermediate goal 4.4 (MSD risk factors):
Industry, academia, and other government agencies adopt workplace solutions and recommended practices to
reduce musculoskeletal disorders (MSDs) among mining workers
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NOTE: Goals in bold in the table below are priorities for extramural research

Health Outcome Research Focus Worker population Research Type
A Musculoskeletal Improved identification Metal/non-metal; Intervention
disorders and remediation of stone, sand and gravel Translation

musculoskeletal disorder
risk factors at mining
facilities.
B Musculoskeletal Develop and evaluate Metal/non-metal; coal; Basic/etiologic
disorders methods to monitor stone, sand and gravel
worker exposures to MSD
risk factors.
C Musculoskeletal Conduct targeted Metal/non-metal; coal; Basic/etiologic
disorders research to ascertain stone, sand and gravel
biomechanical risks
associated with high-risk

mining tasks.
D Musculoskeletal Prescription drug (incl. Metal/non-metal; coal; Surveillance research
disorders opioids), illicit drug, and stone, sand and gravel Intervention

substance use/misuse

Activity Goal 4.4.1 (Basic/Etiologic Research): Conduct basic/etiologic research to better understand the

relationship between exposures and musculoskeletal disorders among mining workers.

Activity Goal 4.4.2 (Intervention Research): Conduct studies to develop and assess the effectiveness of

interventions to reduce musculoskeletal disorders among mining workers.

Activity Goal 4.4.3 (Translation Research): Conduct translation research to understand barriers and aids

to implementing effective interventions to reduce the musculoskeletal disorders risk factors associated
with common mining activities.

Activity Goal 4.4.4 (Surveillance Research): Conduct surveillance research to develop new approaches to
collecting data on use of opioids, illicit drugs, and other substances and assessing associations with
musculoskeletal injuries among mining workers.

Burden

Nearly a third (29%) of all nonfatal occupational injuries and ilinesses reported to the Mine Safety and Health
Administration in a recent 5-year span were MSDs [Weston et al., 2016]. The median number of days lost (sum
of days lost from work and number of days with restricted work activity) was 21 for all reported MSD cases.
Older workers, and those with more mining experience, showed more days lost from work as compared to their
younger, or less experienced, counterparts who showed a higher frequency of injury. Further, having a past MSD
places a worker at a higher risk for developing a future injury, and re-injury rates can be especially high in some
jobs, leading to the loss of a worker from his or her specific occupation. In an analysis of annual costs,
musculoskeletal disorders had a direct cost (medical costs plus indemnity) of $1.5 billion. The indirect costs (lost
wages, fringe benefit losses, home production losses, and training, hiring, and disruption costs) amounted to an
additional $1.1 billion [Bhattacharya, 2014]. In addition to financial costs to employers, MSDs affect the quality
of life of workers; limiting their physical capabilities, vitality, and even negatively impacting their mental health.
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Prescription opioids may be both a personal risk factor for work-related injury and a consequence of workplace
exposures [Kowalski-McGraw et al., 2017]. A recent analysis of workers’ compensation claims from 27 states
reported that workers employed in mining and construction industries were more likely that workers in other
industries to receive opioids for pain [Thumula and Liu 2018]. In a study of workplace opioid overdose deaths
between 2011 and 2016, the fatality rate in the mining industry (2.6 per 1,000,000 FTEs) was second only to
transportation and warehousing [Tiesman et al 2019].

Need

Intervention and Translational research is needed to ensure mine workers are equipped with the requisite
knowledge to identify and appropriately remediate MSD risk factors. Although MSDs are one of the biggest
contributors to incidents and lost days in mining, most mines do not have trained ergonomists or even safety
professionals with ergonomics training. For this reason, it is important to develop tools and prevention
approaches that can be used by persons with a range of backgrounds. Understanding the needs of the mining
industry with respect to the types of tools or techniques that will be most effective for identifying and mitigating
musculoskeletal disorder risk is critical to ensuring that research findings are appropriately transferred to
practice. Basic/etiologic research is needed to develop and evaluate direct-reading equipment to provide
detailed exposure information while workers perform their actual work tasks. Mining presents various
challenges to direct measurement, including adverse environmental conditions, the need for rugged
instrumentation, and permissibility limitations for underground use. Advancing our ability to directly measure
exposure will provide a more accurate representation of mine worker exposures and provide mining companies
with better metrics for injury risks. Basic/etiologic research is also needed to more quantitatively and
comprehensively describe the biomechanics of high-risk mining tasks. Such studies will allow us to better
understand the frequency, duration, and magnitude of these exposures. The exposure data can also be used to
help identify jobs, tools, or tasks for intervention by focusing research on the specific issues posing highest risk.
Surveillance research is needed to attain a more nuanced understanding of the connection between MSD
injuries and prescription drug (incl. opioids), illicit drug, and substance use/misuse, as well as effective
intervention strategies.
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Services/Musculoskeletal Health (SRVxMUS)

Participating core and specialty programs: Center for Direct Reading and Sensor Technologies, National Center
for Productive Aging and Work, Occupational Health Equity, SafeeSkilledeReady Workforce, Small Business
Assistance, and Surveillance.

Intermediate goal 4.5 (Risk factors for back injuries):
Employers, workers, insurance companies, labor unions, and non-governmental organizations adopt
interventions to reduce back injuries among services workers.

NOTE: Goals in bold in the table below are priorities for extramural research

Health Outcome Research Focus Worker Population* Research Type

A | Musculoskeletal Risk factors like manual Building and dwelling, Intervention
disorders (esp. labor, awkward posture, temporary employment Translation
back injuries) lifting, age services, auto repair and

maintenance, lessors of

real state, waste collectors,

travel accommodations

subsectors; vulnerable

workers; small businesses
*See definitions of worker populations

Activity Goal 4.5.1 (Intervention Research): Conduct studies to develop and assess the effectiveness of

interventions to prevent musculoskeletal disorders in the services sector.

Activity Goal 4.5.2 (Translation Research): Conduct translation research to understand barriers and aids

to implementing effective interventions to prevent musculoskeletal disorders in the services sector.

Burden

Many services sector workers are required to complete repetitive tasks and often exert considerable force in
sometimes awkward postures, which have been associated with musculoskeletal disorders (MSDs). The
incidence rate for musculoskeletal injuries resulting in days-away-from-work for the services sector is 28.9 per
10,000 equivalent full-time workers compared to an incidence rate of 29.8 for all private establishments [BLS
2015]. Data from both the Ohio Bureau of Worker’s Compensation and BLS indicated that building maintenance
and repair, janitorial, cleaning, garbage collection, automotive repair workers, and hotels all have elevated rates
of MSDs. [BLS 2015; Meyers et al 2017].

Smaller businesses, such as many found in services subsectors, are recognized as having fewer human and
capital resources available to devote to the prevention of workplace illnesses, injuries, and fatalities. Managers
in smaller businesses often work in isolation without sufficient access to peer opinion and industry best
practices. These factors not only reduce prevention activities, but may also reduce the reporting of illnesses and
injuries to government agencies, insurance companies, and other organizations.

Many of services industries employ workers that are vulnerable due to age, ethnic background, language,
gender, education level or lack of long-term job stability. These workers may not report injuries or suggest job
aids because of their vulnerabilities. They may be more likely to be required to do some of the most physically
challenging jobs which could lead to back injuries.
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Need

In the services sector, 89% of the 3 million firms have less than 20 employees, and these small businesses
typically have limited access to health and safety specialists [U.S. Census Bureau 2011]. Therefore, these small
businesses do not provide the same outreach, interventions, and proactive committees to reduce these
exposures as, for example, manufacturing environments. Interventions that are targeted to specific populations
within the services sector are needed to reduce the prevalence of MSDs in these subsectors. Intermediary
organizations may be used for outreach and could include trade associations, worker groups, insurance
companies, chambers of commerce, small business development centers, professional organizations, small-
business-focused media, and public health and other government agencies. Some interventions for reducing
back injuries are well known and utilized in other industries that could be adopted by Service sector industries.
Intervention effectiveness studies using traditional and sensor related methods are needed. Translation work is
needed to inform Service sector industries of these interventions and show how they could be adopted by these
industries.
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