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RESPIRATOR VIDEO

NIOSH work provided 
the basis for parts of a 
respirator-safety video from 
the Occupational Safety 
and Health Administration 
to show workers how to 
properly put on and take 
off a respirator.

DIGITAL LUNG X-RAYS

NIOSH research on using 
digital lung X-rays to 
classify occupational dust 
diseases significantly 
contributed to new 
standards and rules 
from the International 
Labour Organization and 
the U.S. Department of 
Labor’s Office of Workers’ 
Compensation Programs.
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RESPIRATOR STANDARDS

NIOSH work to 
measure nanoparticles 
penetrating respirators 
informs researchers and 
organizations developing 
new or revised standards in 
this area.

BERYLLIUM PROTECTIONS

NIOSH studies of 
beryllium’s health effects 
led to Materion and the 
United Steelworkers’ 
union adopting and 
recommending to the 
Occupational Safety and 
Health Administration a 
consensus standard for 
a lowered permissible 
exposure limit for the metal.
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RESPIRATOR SOFTWARE 

NIOSH software helps 
universities, manufacturers, 
and occupational-safety 
workers develop training 
programs to identify when 
a respirator cartridge stops 
working.

EFFECTS OF FLAVORINGS

NIOSH research 
and recognition 
that occupational 
exposure to the butter 
flavorings diacetyl and 
2,3’-pentanedione are 
associated with significant 
risk for a serious, 
irreversible lung disease 
increased public awareness 
and efforts to improve 
worker protection. For 
example, the Occupational 
Safety and Health 
Administration started a 
special emphasis program 
on diacetyl in 2009, and 
then proposed rulemaking, 
and the state of California 
adopted standards in 2010. 
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BETTER STANDARDS

NIOSH work contributed 
to several groups issuing 
improved standards for 
respirators and respirator 
equipment. These groups 
include the Mine Safety 
and Health Administration, 
the National Fire 
Protection Association, the 
International Organization 
for Standardization, 
the American National 
Standards Institute, and 
the American Society for 
Testing and Materials.

PPE CALCULATOR

A NIOSH calculator that 
helps analyze personal 
protective equipment’s 
protection against 
chemicals contributed 
to a new standard from 
the American Society for 
Testing and Materials.
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BIOMARKER RESEARCH

NIOSH research on dust-
exposure biomarkers led 
the U.S. Department of 
Defense to develop ways 
to assess risk and prevent 
exposure in Iraq.
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SAFER NANOTECHNOLOGY

NIOSH work led to 
the Occupational 
Safety and Health 
Administration and the 
Environmental Protection 
Agency developing 
recommendations for 
working with multi-walled 
carbon nanotubes.

ABBREVIATIONS 

AAMI Association for the Advancement of Medical Instrumentation

AATCC American Association of Textile Chemists and Colorists

AFF Agriculture, Forestry, and Fishing

AIHA American Industrial Hygiene Association

ANSI American National Standards Institute

ASTM American Society for Testing and Materials

AUR Authoritative Recommendations

CDC  Centers for Disease Control and Prevention

CON Construction

CRC  Cancer, Reproductive, and Cardiovascular Diseases

DLO Divisions, Laboratories, and Offices

ECN  Economics

ENG Engineering Controls

EPA Environmental Protection Agency

EPR Emergency Preparedness and Response

EXA Exposure Assessment

FY Fiscal Year

GLC Global Collaborations

HHE Health Hazard Evaluation

HHS U.S. Department of Health and Human Services

HLP Hearing Loss Prevention

HSA Healthcare and Social Assistance

IEC International Electrotechnical Commission

ISO International Organization for Standardization

MIN Mining 

MIO Oil and Gas Extraction 

MNF Manufacturing 

MOU Memorandum of Understanding

MSD Musculoskeletal Disorders

MSHA Department of Labor Mine Safety and Health Administration

NAICS North American Industry Classification System

NAN Nanotechnology

NFPA National Fire Protection Association

NIOSH National Institute for Occupational Safety and Health

NORA National Occupational Research Agenda

OECD Organization for Economic Cooperation and Development

OEP Office of Extramural Programs
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OSHA Occupational Safety  and Health Administration

PPT Personal Protective Technology

RDR Respiratory Diseases

SBA Small Business Assistance and Outreach

SPS Public Safety

SUR Surveillance

SVC Services

TRI Traumatic Injury

TWH Total Worker Health®

TWU Transportation, Warehousing and Utilities

UL Underwriters Laboratory

USCG Department of Homeland Security US Coast Guard

WHO World Health Organization

WRT Wholesale and Retail Trade

WSD Work Organization and Stress Related Disorders 

WORK-RELATED ASTHMA

NIOSH research led to the 
American Thoracic Society 
starting a workgroup 
and publishing an official 
statement on work-related 
asthma.
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NEW EPA PROTECTIONS

NIOSH recommended 
exposure levels for carbon 
nanotubes and titanium 
dioxide provided the U.S. 
Environmental Protection 
Agency with information 
to develop regulations 
to protect workers 
who handle engineered 
nanomaterials.

DEFINITIONS

All Sectors: Classification for NIOSH research that applies to most, if not all 
sectors. NIOSH catalogs and tracks most of its research (including outputs and 
outcomes) by the most closely associated one or two NORA sectors. However, 
some research inherently relates to most or all industries, such as some oc-
cupational health disparities research, so NIOSH’s sector classification for that 
research or output is “All Sectors.”

Intermediate Outcome: Actions by stakeholders in response to NIOSH prod-
ucts or efforts (such as making policy changes; producing standards or regula-
tions; adopting NIOSH-developed technologies; using publications, technolo-
gies, methods, or recommendations by workers, industry, and occupational 
safety and health professionals in the field; and citing NIOSH research by indus-
try and academic scientists.)

End Outcome: Improvements in safety or health in the workplace that can be 
attributed to NIOSH efforts—specifically, reducing work-related injuries, illness-
es, or deaths or reducing hazardous exposures in the workplace.

Impact: A collective term used to refer to both intermediate and end outcomes. 
Impacts can be qualitative (a success story) or quantitative (an increase or 
decrease in a numerical indicator). They can occur at any scale, ranging from a 
single workplace to the local, state, or national level.

NIOSH: Federal health institute in the Department of Health and Human Ser-
vices, Centers for Disease Control and Prevention, responsible for generating 
new knowledge in the field of occupational safety and health and transferring 
it into practice globally. To accomplish this mission, NIOSH does scientific work 
that includes research, field investigations, surveillance, and authoritative rec-
ommendations.

NIOSH Cross-Sector Program: Internal program established and managed by 
NIOSH to coordinate its research and partnership efforts associated with a topic 
area that has application across many or most industrial sectors. Each cross-
sector program sets priorities for NIOSH research and develops relationships 
with academic, government, and private stakeholders interested in their topic 
area. Cross-sector programs are organized into health and non-health outcome 
areas to support the sectors in accomplishing their goals for the nation and co-
ordinate priorities that affect multiple sectors. The health outcome cross-sectors 
represent the major occupational safety and health issues faced by workers, and 
non-health outcome cross-sectors represent research methods, approaches, and 
core activities such as surveillance, hazard exposure, interventions, information 
dissemination, and statutory programs.

NIOSH Sector Program: Internal program established by NIOSH to coordinate 
its research and partnership efforts associated with each of 10 defined NORA 
sectors. Each sector program sets priorities for NIOSH research and develops 
partnerships with academic, industry, labor, and government stakeholders re-
lated to those industries.
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PPE DECONTAMINATION

NIOSH study results are 
included in an American 
Industrial Hygiene 
Association guideline for 
decontaminating personal 
protective clothing and 
equipment after use.

REDUCING LEAD EXPOSURE

The NIOSH blood-lead 
surveillance program, 
ABLES, identified unsafe 
conditions and industries, 
and the Occupational 
Safety and Health 
Administration used this 
information to update 
its “National Emphasis 
Program–Lead” to 
reduce work-related lead 
exposure.

NIOSHTIC-2: A searchable bibliographic database of occupational safety and 
health publications, documents, grant reports, and other communication prod-
ucts supported in whole or in part by NIOSH.

NORA: Partnership program to stimulate innovative research and improved 
workplace practices. Established by NIOSH in 1996, NORA has provided a 
research framework in occupational safety and health for NIOSH and the nation. 
NORA participation is broad, including stakeholders from universities, large and 
small businesses, professional societies, government agencies, and worker orga-
nizations. These diverse parties collaborate to identify the most critical issues in 
workplace safety and health.

NORA Sector: Industry group based on business sector definition in the North 
American Industry Classification System (NAICS), organized into NORA Sectors 
based on similarities they face in workplace safety and health issues (see The 
Sector and Cross-Sector Approach).

NORA Sector Council: Partnership volunteers that represent a broad range 
of stakeholders in one of the 10 NORA sectors. Councils meet to set goals for 
the nation, develop strategies, encourage partnerships, and promote improved 
workplace practices in their sector. NIOSH facilitates their work. 

http://www.cdc.gov/niosh/nora/sector.html
http://www.cdc.gov/niosh/nora/sector.html
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SECTOR AND CROSS-SECTOR  
PROGRAM SUPPLEMENT

This supplement supports the NORA Second Decade in Review (2006–2016) 
report and highlights the many contributions the NIOSH sector and cross-sector 
programs made during the National Occupational Research Agenda’s second 
decade. The supplement has two main sections: Sector Program Review and 
Cross-Sector Program Review. The Cross-Sector Program Review is further 
organized into the Health Outcome Cross-Sector Programs and the Non-Health 
Outcome Cross-Sector Programs. NIOSH program leadership prepared these 
highlights. The NORA Second Decade in Review (2006–2016) report lists the 
many people who made these accomplishments possible. 

STRESSES FROM PPE

NIOSH research 
contributed to a 2008 
standard from the 
American Society for 
Testing and Materials for 
determining physiological 
stresses from wearing 
personal protective 
clothing ensembles.

GATHERING DEATH DATA

NIOSH and the states 
coordinate procedures  
to help compile national 
work-related data for  
death certificates.
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SECTOR PROGRAM REVIEW

NORA organized its second decade around 10 sector programs representing 
major areas of the U.S. economy. This organization gave NIOSH and the nation 
a way to effectively shape a research agenda and move research into practice. 
The 10 sector programs created councils with representation from key stake-
holders and NIOSH. Together, the NIOSH sector programs and the NORA sec-
tor councils developed a research agenda for the nation. To further assess the 
results of NORA’s second decade, NIOSH conducted an in-depth review of the 
activities, effectiveness, outcomes, and impact of each of the 10 sectors. This 
report summarizes the review.

PPE NANO RESISTANCE

NIOSH methods to 
measure protective 
clothing’s resistance to 
nanoparticles contributed 
to new guidance 
documents, requirements, 
and test methods from 
other government 
agencies, organizations, 
and manufacturers.

RADIATION RESEARCH

NIOSH research on 
radiation exposure at work 
led to the Occupational 
Safety and Health 
Administration’s request 
for the risk-assessment 
information.
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AGRICULTURE, FORESTRY, AND FISHING

The Agriculture, Forestry and Fishing (AFF) sector 
comprises operations that primarily work to grow 
crops, raise animals, harvest timber, and harvest 
fish and other animals. Harvesting takes place on 
farms, ranches, or natural habitats. Workers in this 
sector face risks that include animal handling, falls, 
infectious diseases, overexertion, tractor rollovers, 
chemicals, and machinery. 

The NORA Agriculture, Forestry, and Fishing (AFF) 
Sector Council first met in February 2007 to discuss 
health and safety issues in this sector and brain-
storm possible research that may lead to decreasing 

illness and injuries to AFF workers. The council 
consisted of members from industry, academia, 
professional associations, health and safety pro-
fessionals, and government. The nine members 
of the NIOSH intramural AFF steering committee 
also participated in the sector council. During this 
second decade of NORA, the council has consist-
ed of about 30 full members and 90 correspond-
ing members. Full members participated in annual 
face-to-face meetings and as leaders in working 
groups. Corresponding members participated as 
working-group members and received informa-
tion from annual council meetings via e-mail and 

Pesticide Poisoning Monitoring Program Protects Farmworkers

Physicians annually diagnose 
10,000 to 20,000 pesticide poison-
ings among the estimated 2 million 
agricultural workers in the United 
States. NIOSH established the 
Sentinel Event Notification System 
for Occupational Risks—Pesticides 
Program (SENSOR-Pesticides) in 
1987 to serve as an early warning 
system for harmful effects associ-
ated with occupational pesticide 
exposure. Eleven states monitor 
pesticide-related illness and injury 
through the program. 

In 2005, three migrant farmworkers 
living in the same region of Florida 

gave birth to infants with birth 
defects within 8 weeks of each 
other. The SENSOR-Pesticides Pro-
gram helped states to collaborate,  
revealing that the three moth-
ers worked for the same tomato 
grower during the maximum sensi-
tivity periods of their pregnancies. 
Two worked at the grower’s Florida 
operations, and one worked in 
North Carolina. After further inves-
tigation, North Carolina created a 
taskforce whose findings motivated 
the state legislature to pass anti-
retaliation and recordkeeping laws, 
training mandates to protect the 

health of agricultural workers, and 
funding for improved surveillance. 
The Florida state legislature funded 
10 new pesticide inspectors.

SENSOR data contributed to the 
2015 Environmental Protection 
Agency’s (EPA) new proposed rule 
on restricted use pesticide applica-
tor certifications. EPA used SEN-
SOR-Pesticides Program data that 
the revised rule benefits outweigh 
the costs. 

Details: NIOSH Pesticide Poison-
ing Monitoring Program Protects 
Farmworkers

Photo by Thinkstock

http://www.cdc.gov/niosh/docs/2012-108/
http://www.cdc.gov/niosh/docs/2012-108/
http://www.cdc.gov/niosh/docs/2012-108/
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electronic mailing lists. The council 
is divided into seven working groups 
that represent each of the strategic 
goals (forestry safety and health were 
combined, and fishing safety and 
health were also combined). Working 
groups met multiple times each year 
to formulate, promote, and evaluate 
the strategic plan.

The first phase of the NORA AFF 
Sector Council assessed issues and 
developed goals for safety and health 
research in this sector. The council 
identified nine strategic goals, and 
council members assigned working 
groups to each strategic goal. Work-
ing groups met independently to 
formulate intermediate goals and 
short-term action steps to correspond 
with each strategic goal. The coun-
cil also saw the need for two more 
resources. The council assembled a 
Dictionary of Terms (Appendix 2 to 
the Strategic Plan) specific to safety 
and health research for this sector, 
and the council included information 
on the Forestry Workforce, Statistics, 
and Organization in Appendix 1 in the 
final strategic plan. A draft version of 
the Strategic Plan was published for 
public comment in March 2008. After 
receiving and responding to com-
ments, the final version was published 
on the NORA website in December 
2008, including both appendices. 
After publishing the strategic plan and 
goals, the council entered the second 
phase (2008–2014), which focused on 
implementing the plan, with coun-
cil members promoting the plan to 
researchers and industry. Efforts were 
made to identify and contact research-
ers and stakeholders to let them know 
of the NORA goals and how they 
could help address relevant goals. The 
third phase (2015–2016) is underway 
and involves evaluating the use of the 
strategic plan and determining goals 
accomplished.

The AFF council found it helpful 
to have input from the many cor-
responding members in each phase 
of the decade’s NORA process. The 
corresponding members gave a broad 
base of input for the strategic plan 
and also helped to spread the word 
about NORA. During the second 
phase, many council members gave 
presentations at conferences address-
ing researchers and stakeholders 
about the Strategic Plan and goals. By 
2010, the AFF council had identified 
11 activity or output goals that had 
been met.

Trends in Agriculture, Forestry, 
and Fishing Employment, 
Fatalities, Injuries, and Illnesses 
Background rates for employment 
in the sector, fatalities, and nonfatal 
injuries give context for the review of 
the Agriculture, Forestry, and Fish-
ing (AFF) activities, effectiveness, and 
impact during the decade. From 2007 
through 2014, employment in the AFF 
sector remained fairly stable (Figure 1). 
Employment data were collected from 
the Current Population Survey and 
includes private industry and govern-
ment (federal, state, and local) and 
the self-employed. Volunteers are not 
included in employment counts. The 
number of fatalities generally declined 
during the decade, with peaks in 2008, 
2010, and 2014 (Figure 2). The NORA 
decade began in 2007 with nonfa-
tal injuries and illnesses (Figure 2) at 
51,000. They hit a low of 40,000 injuries 
and illnesses in 2010 and then rose to 
a high of nearly 55,000 in 2013. Fatality 
and injury data were collected from the 
Census of Fatal Occupational Injuries 
(CFOI) and the Survey of Occupational 
Injuries and Illnesses (SOII). The latter 
does not include self-employed, and 
only private industry data were avail-
able before 2008.

ROLLOVER RESEARCH

NIOSH research with other 
organizations provided 
science-based evidence for 
the American Society of 
Agricultural and Biological 
Engineers (ASABE) to 
develop a consensus 
document (Performance 
Standard X-599) to 
protect farmworkers from 
serious injury or death in 
tractor rollovers. ASABE 
developed the document 
in 2010 and reaffirmed it 
in 2014.

BALER HAZARDS

NIOSH information on 
baler hazards informed 
the American National 
Standards Institute when 
revising its standard on 
baling equipment safety. 
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Figure 1. Employment trends in agriculture, forestry, and fishing (2007 through 2014)

Employment data: Bureau of Labor Statistics, Current Population Survey (CPS). 

Figure 2. Fatality, injury or illness trends in agriculture, forestry, and fishing (2007 
through 2014)

Fatality data: Bureau of Labor Statistics, Census of Fatal Occupational Injuries (CFOI). Injury or illness data: 
Bureau of Labor Statistics, Survey of Occupational Injuries and Illnesses (SOII).

Activities and Output
Figure 3 shows how many research projects (intramural and extramural) contrib-
uted effort to the AFF Sector Program during the decade. Project counts reflect 
the percentage of total effort directly attributable to the AFF Sector Program. 
Example: If one project is attributed as 50% effort in AFF, then it is counted as 
0.50 of a project.

FOREST MACHINERY

NIOSH research led the 
International Organization 
for Standardization to 
develop an international 
standard to protect forest-
machinery operators 
from thrown objects. The 
standard calls for improving 
the machinery’s window 
glazing.

CAB CONTAMINATION

NIOSH work on the 
leakage of contaminants 
into enclosed tractor 
cabs contributed to the 
American Society of 
Agricultural Engineers 
revising a standard to 
remove all statements 
regarding the use of 
enclosed tractor cabs in 
lieu of more protective 
respirators.
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Figure 3. Number of agriculture, forestry, and fishing research projects (FY2007 through 
FY2015)

Figure 4 shows the funds invested in intramural and extramural research proj-
ects from 2007 through 2015. Investment totals reflect the percentage of total 
effort directly attributable to AFF Sector Program research. Example: If one 
project with a total budget of $100,000 is attributed as 50% effort in AFF, then 
the total investment is shown as $50,000. Totals in Figure 4 are shown in millions 
of dollars. 

Figure 4. NIOSH investment in agriculture, forestry, and fishing research projects 
(FY2007 through FY2015)

PESTICIDE STANDARD

Results from the NIOSH 
SENSOR-Pesticides 
program contributed to 
the U.S. Environmental 
Protection Agency’s 
updating its pesticide 
Worker Protection 
Standard.

SAMPLING WOOD DUST

NIOSH recommendations 
for sampling wood dust 
led to the American 
Forest & Paper 
Association accepting this 
methodology.
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Information on research associated with the cross-sector programs is available 
for FY2007 through FY2014. The cross-sector programs are described later in 
this supplement. Figure 5 shows the AFF research by cross-sector. A research 
project is counted if at least 50% of project activity is attributed to the AFF sec-
tor program and the corresponding cross-sector program. Cross-sector data are 
shown for five projects or more during the decade.
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Figure 5. Number of projects by NIOSH cross-sector program in agriculture, forestry, 
and fishing (FY2007 through FY2014)

Table 1 shows the number and type of publications during the decade that were 
attributed to the AFF sector. Publications were identified in the NIOSHTIC-2 
database of occupational safety and health publications, documents, grant 
reports, and other communication products supported in whole or in part by 
NIOSH funding. Publication counts likely underestimate publications produced by 
the program during NORA’s second decade, due to the limitations of the data-
collection methods available. Not all publications a program develops are in the 
NIOSHTIC-2 database, and not all publications in the database can be associated 
with a specific program. During the second decade, 459 publications were at-
tributed to the AFF Sector Program, with an almost-even distribution between 
intramural publications (242) and extramural (240).

Table 1. Publications attributed to agriculture, forestry, and fishing 
by type (FY2007 through FY2014)

Publication type Total number  
of Publications

Intramural 
publications

Extramural 
publications

Journal article 289 129 175

NIOSH-numbered 
publication or field study 
report

62 62 0

Abstracts of conference 
proceeding 

59 34 25

Book or book chapter 8 6 3

Newsletter, trade, or lay 
publication

20 7 20

Other 21 4 17

Totals 459 242 240

Note: The sum of intramural and extramural publications may exceed the total. A publication with intramural 
and extramural authors is counted in both categories. 

ROLLOVER PROTECTIONS

NIOSH, states, 
manufacturers, farm 
organizations, and 
individuals partnered to 
test, validate, and increase 
farmers’ awareness of 
cost-effective roll-over 
protection systems to 
reduce risk of serious 
injury or death in a tractor 
overturn. NIOSH and 
partners also encouraged 
market incentives to install 
the systems.

BETTER BOAT DESIGN

NIOSH research on 
reducing boat workers’ 
exposure to carbon 
monoxide led some boat 
manufacturers to improve 
their vessel design.
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Effectiveness
One measure of research effectiveness is the degree to which research activi-
ties addressed strategic goals of the AFF Program. Information on the sector 
goals addressed by a project is available for some NIOSH research projects. 
Table 2 shows how many projects addressed each strategic goal during the 
decade. The most-frequently addressed strategic goal (SG) was SG 05 (Acute 
and Chronic Disease). SG 06 (Traumatic Injury in Forestry) and SG 07 (Acute and 
Chronic Disease in Forestry) were the least-frequently addressed strategic goal. 
Intramural research projects most-frequently addressed SG 05, followed by SG 
03 (Implementing Effective Strategies), SG 02 (Vulnerable Populations), and SG 
01 (Surveillance). Extramural projects most-frequently addressed SG 05, followed 
by SG 03, SG 02, and SG 04 (Traumatic Injury in Agriculture). 

Table 2. Number of agriculture, forestry, and fishing research projects by 
strategic goal (FY2007 through FY2014)

Strategic Goal (SG)
Intramural 
Projects

Extramural 
Projects

Total 
Number of 

Projects

SG 01: Surveillance 16 8 24

SG 02: Vulnerable populations 17 18 35

SG 03: Implementing effective  
strategies 

19 22 41

SG 04: Traumatic injury in agriculture 12 13 25

SG 05: Acute and chronic disease 23 40 63

SG 06: Traumatic injury in forestry 2 1 3

SG 07: Acute and chronic disease in 
forestry

2 1 3

SG 08: Traumatic injury in fishing 12 3 15

SG 09: Illness and disease in fishing 3 1 4

Data show how many research projects contributed 50% or more effort to the sector and addressing the 
indicated goal. Projects may address multiple goals.

Outcomes and Impact
Citation of NIOSH-funded journal articles is one measure of research outcomes. 
This indicates that scientists outside of NIOSH have used the institute’s research 
outputs. Table 3 shows journal articles associated with the AFF sector, and 
their citation counts available in the Scopus citation database as of September 
2016. Data are shown for publications resulting from intramural and extramural 
research. Journal article counts included in this table are lower than the total 
number noted in the publication table for this program. Not all publications 
are included in the Scopus citation database. Journal articles attributed to both 
intramural and extramural projects are counted in both.

RISKS SOFTWARE MODEL

A NIOSH software 
model helps the U.S. 
Environmental Protection 
Agency identify work-
related risks.

DANGEROUS CHEMICALS

NIOSH compiled findings 
identifying hazardous 
chemical exposure levels 
in its Current Intelligence 
Bulletin 66: Derivation of 
Immediately Dangerous 
to Life or Health. 
Stakeholders such as 
the American Industrial 
Hygiene Association, 
the American Society of 
Safety Engineers, and the 
World Health Organization 
adopted these findings to 
protect workers.
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Table 3. Number of citations for agriculture, forestry, and fishing

Type of Citation Total Citations

Total number of journal articles 259

Total number of citations 4,175

Intramural journal articles 104

Intramural citations 1,798

Extramural journal articles 166

Extramural citations 2,628

Another important measure of research outcomes is how many outputs others 
have obtained. Table 4 shows how many NIOSH-numbered publications associ-
ated with the AFF sector have been requested in printed form or downloaded 
electronically during NORA’s second decade.

Table 4. Electronic and printed distribution of NIOSH-numbered agriculture, 
forestry, and fishing publications (FY2007 through FY2014)

Sector
Number of  
Publications

Electronic 
Downloads

Printed 
Distribution

Agriculture, Forestry, 
and Fishing 61 116,647 1,509,384

SILICA DUST PROTECTION

NIOSH information on 
preventing work-related 
silica exposure provided 
scientific information for 
the Occupational Safety 
and Health Administration’s 
silica dust rule making. 
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CONSTRUCTION

Contractors Participate in National Falls Campaign and Safety Stand-down

Each year, falls kill more than 200 
and seriously injure more than 
10,000 construction workers. Con-
struction falls are the leading fatali-
ties and account for one-third of 
on-the-job deaths in the industry. 
These deaths and injuries are pre-
ventable. NIOSH, OSHA, the Cen-
ter for Construction Research and 
Training (CPWR), and their partners 
sponsor the national construction 
falls prevention campaign in an ef-
fort to prevent fatal falls from roofs, 
ladders, and scaffolds. NIOSH and 
its partners use the campaign to 
encourage residential construction 
contractors to do the following: 

 � Plan ahead to get the job 
done safely

 � Provide the right equipment 
for workers

 � Train everyone to use the 
equipment safely

 � The7879 campaign started  
in 2012.

An early evaluation indicated 
that information was not reach-
ing small construction contractors, 
the primary target audience. Since 
then, reaching them has been a key 
focus. In 2013, the target of the 
campaign expanded to prevent falls 
in all types of construction. In 2014, 

a Safety Stand-down was added. 
Currently, more than 7,000 con-
struction employers and more than 
2.5 million construction employees 
participate in campaign events. 
Dozens of campaign leaders re-
main committed to this endeavor. 
NIOSH expects continued success.

Details: Campaign to Prevent Falls 
in Construction

The Construction Sector (CON) comprises establish-
ments that build or renovate roads, houses, work-
places, and utilities. Construction workers face risks 
that include crashes involving motor vehicles, falls, 
musculoskeletal disorders, and chemical exposures. 

The Construction Sector Council is a 45-member 
group comprising representatives from the follow-
ing organizations: 

 � Federal (NIOSH and OSHA’s Directorate of 
Construction) and state agencies (Kentucky 
Labor Cabinet, Massachusetts Department 
of Public Health, and Wisconsin Division of 
Public Health)

 � Employee organizations (such as the International 
Union of Operating Engineers, Laborers Health 
and Safety Trust Fund, and Building and Construc-
tion Trades Department of the AFL-CIO)

 � Employer organizations (such as the Associ-
ated General Contractors of America; American 
Road and Transportation Builders Association, 
National Association of Home Builders)

 � Universities, professional organizations, and 
other entities

The NIOSH construction program closely partners 
with the many organizations represented on the 
sector council, as well as many other independent 

Photo by Thinkstock

https://www.cdc.gov/niosh/construction/stopfalls.html
https://www.cdc.gov/niosh/construction/stopfalls.html
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groups. Two key construction partners 
are the Center for Construction Re-
search and Training (CPWR), and the 
OSHA Construction Directorate.

Construction sector leadership actively 
develops partnerships within NIOSH 
and among its external stakehold-
ers, and it coordinates construction 
research and related activities among 
NIOSH divisions, labs, and offices. The 
NORA Construction Sector Council is 
a cohesive group that collaborates to 
advance safety and health for all con-
struction workers. The sector council 
developed the National Construction 
Agenda, providing a vehicle by which 
construction industry stakeholders 
could describe the most relevant 
issues, gaps, and safety and health 
needs in the industry. The resulting 
agenda consists of 15 research strate-
gic goals designed to address 10 top 
problems in construction safety and 
health for which significant progress 
has been made during NORA’s past 
decade.

Trends in Construction 
Employment, Fatalities,  
Injuries, and Illnesses 
Trends during the decade in employ-
ment, fatalities, and nonfatal injuries 

give context for the review of the CON 
sector activities, effectiveness, and 
impact. Background is also given on 
rates for employment in the sector, 
fatalities, and nonfatal injuries. From 
2007 through 2014, employment in 
the CON sector declined from a high 
of almost 12 million in 2007 to under 
10 million in 2014 (Figure 6). Employ-
ment data were collected from the 
Current Population Survey, which 
includes private industry and govern-
ment (federal, state, and local) and 
the self-employed. Volunteers are not 
included in employment counts.

Fatalities in the construction industry 
declined during the decade, from a 
high of 1,239 deaths due to work-
related events in 2007, to a low of 
781 deaths in 2011. Fatalities then 
increased to 933 in 2014 (Figure 7). 
Nonfatal injuries (Figure 7) began the 
decade with 380,500 nonfatal injuries 
and illnesses in 2007. They significantly 
declined to nearly 212,000 in 2010, 
before leveling off. Fatality and injury 
data were collected from the Census 
of Fatal Occupational Injuries (CFOI) 
and the Survey of Occupational In-
juries and Illnesses (SOII). The latter 
does not include self-employed, and 
only private industry data were avail-
able before 2008. 
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Figure 6. Employment trend in construction (2007 through 2014)

Employment data: Bureau of Labor Statistics, Current Population Survey (CPS). 

BETTER FALL PROTECTION

NIOSH work contributed to 
a New Jersey mandate that 
state-funded contractors 
improve fall-protection 
measures.

TOTAL WORKER HEALTH®

NIOSH consulted with 
and assisted federal 
agency partners, such 
as Office of Personnel 
Management and Veterans 
Health Administration, to 
incorporate and advance 
the policies, programs, and 
practices of the NIOSH 
initiative known as Total 
Worker Health®.

http://www.bls.gov/cps/
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Figure 7. Fatality, injury or illness trends in construction (2007 through 2014)
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Fatality data: Bureau of Labor Statistics, Census of Fatal Occupational Injuries (CFOI). Injury or illness data: 
Bureau of Labor Statistics, Survey of Occupational Injuries and Illnesses (SOII).

Activities and Output
Figure 8 shows how many research projects (intramural and extramural) con-
tributed effort to the Construction Sector Program during the decade. Project 
counts reflect the percentage of total effort directly attributable to CON Sec-
tor Program research. Example: If one project is attributed as 50% effort in the 
CON sector, it is counted as 0.50 of a project. 

Figure 8. Number of construction research projects (FY2007 through FY2015)

PROTECTION FROM PCB

NIOSH work to protect 
school-renovation workers 
from exposure to the 
chemical polychlorinated 
biphenyl, or PCB, 
contributed to efforts 
by companies to reduce 
workers’ exposure.

SKIN NOTATIONS

NIOSH developed a new 
strategy to prevent work-
related chemical exposure 
of skin (Current Intelligence 
Bulletin 61: A Strategy for 
Assigning New NIOSH 
Skin Notations), which 
the American Industrial 
Hygiene Association, U.S. 
Navy, and the World Health 
Organization adopted.

http://www.bls.gov/iif/
http://www.bls.gov/iif/
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Figure 9 shows the funds invested in intramural and extramural research projects 
from 2007 through 2015. Investment totals reflect the percentage of total effort 
directly attributable to CON Sector Program research. Example: If one project with a 
total budget of $100,000 is attributed as 50% effort in the CON sector, then the total 
investment is shown as $50,000. Totals in Figure 9 are shown in millions. 

Figure 9. NIOSH investment in construction research projects (FY2007 through FY2015)
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Information on research associated with the cross-sector programs is available 
for FY2007 through FY2014. The cross-sector programs are described later 
in this supplement. Figure 10 shows CON sector research by cross-sector. A 
research project is counted if at least 50% of project activity is attributed to the 
CON Sector Program and the corresponding cross-sector program. Cross-sec-
tor data are shown for five projects or more during the decade. 

Figure 10. Construction: number of projects by NIOSH cross-sector program (FY2007 
through FY2014)

HIGHWAY WORKER SAFETY

NIOSH work contributed 
to a new standard from 
the American National 
Standards Institute 
to protect highway 
construction workers 
(Standard A10.47, Work 
Zone Safety for Highway 
Construction).

NIOSH PPE TECHNOLOGY

At least one company 
commercialized NIOSH 
technology to allow 
multiple air sources to be 
attached to a self-rescuer 
respirator without breaking 
the seal and compromising 
performance.
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Table 5 shows the number and type of publications during the decade that were 
attributed to the CON sector. Publications were identified in the NIOSHTIC-2 
database of occupational safety and health publications, documents, grant 
reports, and other communication products supported in whole or in part by 
NIOSH funding. Publication counts likely underestimate publications produced 
by the program during NORA second decade, due to the limitations of the 
data-collection methods available. Not all publications a program develops are 
included in the NIOSHTIC-2 database, and not all publications in the database 
can be associated with a specific program. During the second decade, 755 
publications were attributed to the CON Sector Program, including intramural 
publications (544) and extramural (217).

Table 5. Publications attributed to the construction sector by type (FY2007 
through FY2014)

Publication Category
Total Number 
Publications

Intramural 
Publications

Extramural 
Publications

Journal article 346 242 106

Numbered publication or field 
study report

108 108 0

Abstract or conference 
proceeding

162 132 32

Book or book chapter 28 22 6

Newsletter, trade, or lay 
publication

22 22 1

Other 89 18 72

Totals 755 544 217

Note: The sum of intramural and extramural publications may exceed the total. A publication with intramural 
and extramural authors is counted in both categories. 

Effectiveness
One measure of research effectiveness is the degree to which research activities 
addressed strategic goals of the CON Program. Information on the sector goals 
addressed by a project is available for some NIOSH research projects. Table 6 
shows how many projects addressed each strategic goal during the decade. 
The most-frequently addressed strategic goal (SG) was SG 05 (Silica). SG 02 
(Fatal and Nonfatal Injuries from Contact with Electricity), SG 10 (Organization 
of the Industry) and SG 15 (Engage Media) were the least-frequently addressed 
strategic goal. SG 10 was inactive after 2010 and SG 15 was added in 2010. 
Intramural research projects most-frequently addressed SG 05, followed by SG 
01 (Falls to a Lower Level), SG 04 (Reduce Hearing Loss), and SG 07 (Reduce 
Musculoskeletal Disorders). Extramural projects most-frequently addressed SG 
07, followed by SG 12 (Vulnerable Populations). 

HEARING LOSS TRAINING

NIOSH research on 
construction-related 
hearing loss helped the 
Occupational Safety and 
Health Administration 
develop an interactive, 
web-based training site to 
protect workers.

HARNESS PROTECTION

NIOSH research to 
prevent construction-
related falls contributed 
scientific information to 
better worker protection 
when two manufacturers 
modified harness designs 
and developed new 
harnesses to prevent falls, 
and the American National 
Standards Institute 
updated its fall prevention 
and protection standards. 

https://www2a.cdc.gov/nioshtic-2/default.asp
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Table 6. Number of construction sector research projects  
by strategic goal (FY2007 through FY2014)

Strategic Goal (SG)
Intramural 
Projects

Extramural 
Projects

Total Number  
of Projects

SG 01: Falls to a lower level 18 4 22

SG 02: Fatal and nonfatal injuries from 
contact with electricity (inactive 
after FY2011)

3 0 3

SG 03: Struck-by incidents 11 5 16

SG 04: Reduce hearing loss 18 3 21

SG 05: Silica 24 5 29

SG 06: Welding fume exposures 
and risks

15 4 19

SG 07: Reduce musculoskeletal 
disorders

16 9 25

SG 08: Safety culture 10 5 15

SG 09: Safety and health management 
programs

7 5 12

SG 10: Organization of the industry 
(inactive after FY2011)

1 1 2

SG 11: Training and education 14 3 17

SG 12: Vulnerable populations 9 8 17

SG 13: Prevention through design 8 3 11

SG 14: Surveillance 8 2 10

SG 15: Engage Media (added FY2010) 1 0 1

Data show how many research projects contributed 50% or more effort to the sector and addressing the 
indicated goal. Projects can address multiple goals.

Outcomes and Impact
Citation of NIOSH-funded journal articles is one measure of research impact. 
This indicates that scientists outside of NIOSH have used the institute’s research 
outputs. Table 7 shows journal articles associated with the CON sector and 
their citation counts available in the Scopus citation database as of September 
2016. Data are shown for publications resulting from intramural and extramural 
research. Journal article counts included in this table are lower than the total 
number noted in the publication table for this program. Not all publications 
are included in the Scopus citation database. Journal articles attributed to both 
intramural and extramural projects are counted in both.

GUARD-RAIL SYSTEM

Manufacturers have shown 
interest in commercializing 
the patented NIOSH 
roof-bracket guard-rail 
system, and the Roofers’ 
Union requested more than 
100 additional brochures 
describing the system to 
distribute to instructors in 
the union’s apprenticeship 
program.

WORKPLACE DESIGNS

NIOSH principles to 
protect workers through 
workplace design are 
included in a revised 
standard from the 
American National 
Standards Institute.
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Table 7. Number of citations for construction

Type of Citation Total

Total number of journal articles 299

Total number of citations 3,314

Intramural journal articles 207

Intramural citations 2,387

Extramural journal articles 94

Extramural citations 934

Note: Journal article counts included in this table are lower than the total number noted in the outputs table, 
because not all publications are included in the Scopus citation database. Journal articles attributed to both 
intramural and extramural projects are counted in both. 

Another important measure of research outcomes how many outputs others 
have obtained. Table 8 shows how many NIOSH-numbered publications associ-
ated with the CON sector have been requested in printed form or downloaded 
electronically during NORA’s second decade.

Table 8. Electronic and printed distribution of NIOSH-numbered construction 
sector publications (FY2007 through FY2014)

Sector
Number of  
Publications

Electronic 
Downloads

Printed 
Distribution

Construction 68 127,598 146,569

Considerable progress has been made on preventing falls in construction. Much 
of the progress has occurred through collaboration with OSHA, the Center for 
Construction Research and Training (CPWR), and many partners on the National 
Construction Falls Prevention Campaign and the National Safety Stand-Down. 
These partners include state health departments, private industry, trade associa-
tions, academia, and professional and labor organizations to spread the “Safety 
Pays Falls Cost” message. The campaign encourages residential and other 
construction contractors, workers, and others in the industry to work safely at 
heights and to use the right equipment. The activities led by the Campaign 
and Stand-Down Sector Council are rooted in research (such as an environmen-
tal scan, focus-group research in shaping the campaign, and evaluation of the 
campaign’s effectiveness). The campaign began in 2012 and has continued to 
the present, increasing in size and scope every year. Sector council members 
contributed substantially to the supporting research, campaign fact sheets, and 
other supporting material. As part of the coordinated effort, CPWR hosts the 
main campaign website at Stop Construction Falls: Safety Pays, Falls Cost. In-
cluded in the 2014 re-launch, the national safety stand-down began and was ex-
panded for 2 weeks in 2015 and 1 week in 2016. The stand-down raised aware-
ness among employers and workers about fall hazards, which are the leading 

WIPING LEAD AWAY

In 2007, a U.S. company 
offered a simple, reliable, 
NIOSH-developed wipe 
method to the healthcare 
market for removing lead 
contamination from the 
skin before collecting 
blood samples to measure 
blood lead levels. The 
method was also offered 
to the industrial market 
for removing lead 
contamination from skin 
and workplace surfaces.

FALLS FROM TOWERS

A NIOSH evaluation 
and other information 
about fatal falls from 
telecommunication towers 
contributed to the North 
Carolina Department of 
Labor releasing a new 
standard.

http://www.stopconstructionfalls.com/
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cause of deaths in the construction 
industry. Follow the National Safety 
Stand-Down at its website. Support-
ing intramural construction research 
and development efforts related to 
reducing falls in construction include 
the ladder safety app, harness design, 
mast-climbing work platforms, and use 
of a patented guardrail system. The 
campaign and stand-down won the 
2016 NIOSH Bullard-Sherwood Award 
for excellence in research to practice.

Nail guns are a leading cause of injury 
among residential carpenters, and 
they are responsible for an estimated 
37,000 emergency-room visits each 
year. NIOSH researchers have devel-
oped nail gun safety publications to 
guide workers on how to prevent the 
hazards. NIOSH took the lead role in 
working with OSHA to create co-
branded guidance for contractors to 
address the NORA construction goal. 
NIOSH and OSHA developed a co-
branded document, “Nail Gun Safety: 
A Guide for Construction Contrac-
tors.” In 2013, NIOSH released an 
innovative publication, “Straight Talk 
About Nail Gun Safety,” which is also 
available in Spanish.

The U.S. Green Building Council (US-
GBC) posted a new LEED pilot credit, 
“Prevention through Design,” to its 
Leadership in Energy and Environmen-
tal Design (LEED) Pilot Credit Library 
in 2015. The pilot credit grew out of 
efforts motivated by a National Oc-
cupational Research Agenda (NORA) 
Construction goal to increase the use 
of Prevention through Design (PtD) 
in construction by integrating safety 
and health into green rating systems. 
NIOSH partnered with USGBC to build 
a relationship and to explore the con-
nection between occupational safety 
and health and sustainable building 
practices. The credit is intended to re-
duce illnesses and injuries by support-
ing high-performance, cost-effective 

employee safety and health outcomes 
across the building lifecycle. This is 
accomplished by designing structures 
that reduce or eliminate potential 
safety and health hazards during two 
important building lifecycle phases—
operations and maintenance, and 
construction. 

In 2013, CPWR teamed with NIOSH 
and the NORA Construction Sector 
Council in planning and hosting a 
Safety Culture Workshop in Wash-
ington, DC. More than 70 industry 
thought leaders attended, along with 
a mix of government organizations, 
employers, associations, labor groups, 
academia, and safety and health pro-
fessionals. In 2014, a report stemming 
from that workshop, “Safety Culture 
and Climate in Construction: Bridging 
the Gap between Research and Prac-
tice” [Gillen et al. 2014], was made 
available at CPWR’s website. A CPWR 
booklet with eight fact sheets on key 
elements identified at the workshop 
has been developed. This material 
now includes “how to” guides for 
small business applications. 

Noise-induced hearing loss is one of 
the most common work-related ill-
nesses in the United States. NIOSH 
launched the national Buy Quiet 
Campaign in 2014 to raise awareness 
of the importance of manufacturing 
and purchasing quieter equipment. 
Buy Quiet encourages companies to 
seek out and demand quieter equip-
ment, thus driving the market to 
design and create quieter products. 
In the long run, investment in noise 
controls should be more prevalent as 
the market demands quieter products. 
This paradigm occurs as the market for 
quieter products expands both from 
the supply side (manufacturers) and 
the demand side (tool and equipment 
purchasers). The key to reducing costs 
and increasing the benefits of Buy 
Quiet involves partnerships between 

BUY QUIET CAMPAIGN

NIOSH studies and its 
Buy Quiet campaign 
contributed to an 
expanding market for 
quieter tools.

NEW CODING SYSTEM

NIOSH’s new web-based 
Industry and Occupation 
Computerized Coding 
System (NIOCCS) speeds 
the standardized coding 
of industry and occupation 
into vital records, cancer 
registries, healthcare 
records, and other record 
systems. NIOCCS vastly 
improves the use of these 
sources for identifying 
the toll of work-related 
illnesses and injuries 
and identifying trends in 
types, numbers, and rates 
of occupational injury 
and illness for better 
prevention.

http://www.osha.gov/StopFallsStandDown
http://www.osha.gov/StopFallsStandDown
http://www.cdc.gov/niosh/topics/nailgun/default.html
https://www.cdc.gov/niosh/docs/2011-202/
https://www.cdc.gov/niosh/docs/2011-202/
https://www.cdc.gov/niosh/docs/2011-202/
https://www.cdc.gov/niosh/docs/2013-149/
https://www.cdc.gov/niosh/docs/2013-149/
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manufacturers and consumers. Buy 
Quiet initiatives in the construction 
industry include multimedia products 
(such as a short video, posters, and 
links to partner websites), as well as 
the noise profile database on power 
tools. The materials highlight the 
benefits of a Buy Quiet program and 
explain how companies can establish 
an effective program in the work-
place. This effort has been highlighted 
through a roundtable discussion at 
the 2015 American Industrial Hygiene 
Association Conference and Expo, as 
well as through webinars that were 
cosponsored by NIOSH and CPWR. 

Construction Sector researchers 
played key roles in supporting the pro-
posed Occupational Safety and Health 
Administration (OSHA) silica standard 
in 2014 [OSHA 2016] and develop-
ment of Table 1 concerning exposure-
control methods. During the hearings, 
NIOSH researchers addressed the 

health effects of respirable crystalline 
silica exposure, along with sampling 
and analytical methods, and they 
shared their extensive research on 
engineering controls (including the 
highly successful asphalt milling part-
nership). This partnership resulted in 
widespread adoption of new engineer-
ing controls for silica on all new milling 
machines, and development of two 
important publications. One is a new 
publication, Best Practice Engineering 
Control Guidelines to Control Worker 
Exposure to Respirable Crystalline 
Silica During Asphalt Pavement Mill-
ing, which gives best practices, and 
the other is “Field Guide for Control-
ling Silica Dust Exposure on Asphalt 
Pavement Milling Machines.” NIOSH 
has conducted wide-ranging basic and 
applied research on silica, along with 
prevention partnerships and coopera-
tive agreements with government, 
industry, labor, and academia.

MONITORING HEARING

NIOSH efforts to prevent 
work-related hearing 
loss led to the American 
College of Occupational 
and Environmental 
Medicine and the 
Department of the Interior 
adopting the Institute’s 
recommendation to use the 
8 kHz frequency to monitor 
workers. 

SURVEY QUESTIONS

Several states added 
Industry/Occupation 
questions to their state’s 
version of the Behavioral 
Risk Factor Surveillance 
System (BRFSS) in 
2012 based on NIOSH 
recommendations.

http://www.cdc.gov/niosh/docs/2015-105/
http://www.cdc.gov/niosh/docs/2015-105/
http://www.cdc.gov/niosh/docs/2015-105/
http://www.cdc.gov/niosh/docs/2015-105/
http://www.cdc.gov/niosh/docs/2015-105/
http://www.silica-safe.org/training-and-other-resources/manuals-and-guides/asset/Field-Guide-for-Controlling-Silica-Dust-Exposure-on-Asphalt-Pavement-Milling-Machines.pdf
http://www.silica-safe.org/training-and-other-resources/manuals-and-guides/asset/Field-Guide-for-Controlling-Silica-Dust-Exposure-on-Asphalt-Pavement-Milling-Machines.pdf
http://www.silica-safe.org/training-and-other-resources/manuals-and-guides/asset/Field-Guide-for-Controlling-Silica-Dust-Exposure-on-Asphalt-Pavement-Milling-Machines.pdf
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Online Training Helps Protect Nurses and Others from Workplace Violence

Healthcare workers in private 
industry reported 9,200 nonfatal 
workplace violence injuries in 2013. 
That was more than 67% of the total 
number in all industries, although 
the healthcare industry employed 
only 11.5% of the U.S. workforce. 
Many healthcare workers do not get 
formal training in workplace violence 
prevention. However, they still face 
assault risks while working close to 
people in tense and often-stressful 
situations.

The NIOSH Workplace Violence 
Prevention for Nurses online train-

ing course offers free instruction 
designed to meet the needs of 
today’s generation of workers. The 
course incorporates lesson text, 
videos depicting actual workplace 
violence incidents, and testimoni-
als from nurses. Healthcare workers 
can access information regarding 
workplace violence awareness, risk 
factors, and prevention strategies 
through any device with an Internet 
connection. Upon completing the 
13-unit course, nurses and other 
healthcare professionals can receive 
free continuing education credits 
(CEUs).

From the time the course became 
available in August 2013 through 
December 2015, about 14.9 thou-
sand individuals completed the 
course. Most healthcare profes-
sionals earned education credits. 
Healthcare facilities and nursing 
schools are evaluating whether the 
course can be adapted for ongoing 
educational offerings.

Details: Online Training Helps Pro-
tect Nurses and Other Healthcare 
Workers From Workplace Violence, 
and Occupational Violence

HEALTHCARE AND SOCIAL ASSISTANCE

The Healthcare and Social Assistance (HSA) Sector 
comprises such establishments as offices of physi-
cians and other healthcare providers, hospitals, and 
nursing and residential care facilities. The sector 
also includes social assistance establishments that 
provide individual and family services, along with 
community food and housing. Also covered by the 
sector are emergency services, vocational rehabili-
tation services, and child day-care services. HSA 
workers face risks that include infectious diseases, 
workplace violence, overexertion, chemicals, shift 
work, and psycho-social stressors. 

Over the past decade, the Healthcare and 
Social Assistance Program has worked with 

many exceptional and dedicated intramural and 
extramural partners. Intramural partners have rep-
resented multiple divisions, labs, and offices from 
NIOSH and CDC’s Division of Healthcare Quality 
Promotion (DHQP), and extramural partners have 
represented healthcare employers, labor unions, 
academia, governmental agencies, and profession-
al practice organizations. 

The HSA Program has used an organized, logical, 
step-by-step approach to address the most press-
ing problems of the sector. One of the first actions 
of the HSA Council was to develop a “State-of-
the-Sector” report outlining knowledge gaps and 
research needs for the sector. Using this report, the 

Photo by Thinkstock
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council developed a research agenda 
for the nation to address the sector’s 
most important issues. The agenda 
first focused on five strategic goals 
(goals specific to veterinary medicine 
were added later). The first strategic 
goal was to promote safe and healthy 
workplaces and optimize safety cul-
ture in healthcare organizations. Ac-
complishments included partnering 
with The Joint Commission (TJC) to 
produce the monograph, Improving 
Patient and Worker Safety: Opportuni-
ties for Synergy, Collaboration, and 
Innovation, drawing attention to the 
need to create a culture that focuses 
on both patient and worker safety. 
Work involved a national call that 
solicited effective or innovative safety 
practices to protect both patients and 
workers. The monograph was globally 
disseminated to healthcare organiza-
tions and interested parties. A second 
accomplishment was an online training 
course, “Workplace Violence Preven-
tion for Nurses,” developed by NIOSH 
in response to a need to educate 
nurses on how to recognize, prevent, 
and respond to workplace violence. 
Since August 2013, more than 12,000 
nurses have completed the training. A 
third accomplishment was the training 
course, “NIOSH Training for Nurses on 
Shift Work and Long Work Hours.”

The second strategic goal was to 
reduce the incidence and severity of 
musculoskeletal disorders and injury 
events associated with slips, trips, and 
falls among healthcare workers. Us-
ing NIOSH research in this area, the 
American Nurses Association (ANA) 
unveiled national standards for safe 
patient handling and mobility that are 
designed to infuse a stronger culture 
of safety in healthcare work environ-
ments and provide a universal founda-
tion for policies, practices, regulations, 
and legislation to protect patients and 
healthcare workers from injury. The 

ANA publication, Safe Patient Han-
dling and Mobility: Interprofessional 
National Standards [ANA 2013], was de-
veloped by an interdisciplinary group 
including NIOSH researchers. In the 
wake of NIOSH efforts, 11 states have 
enacted safe patient-handling laws. 
The work inspired a National Public 
Radio (NPR) investigative report on 
safe patient-handling that reached an 
audience of 1.8 million listeners of “All 
Things Considered.” Subsequently, 
OSHA launched a new initiative to in-
vestigate safe patient-handling among 
nurses in hospitals

The third strategic goal was to reduce 
or eliminate exposures and adverse 
health effects caused by hazardous 
drugs and other chemicals. NIOSH 
work in this area, including a NIOSH 
Hazardous Drugs List, has raised 
awareness of potential hazards work-
ers face, and the need for exposure 
controls. Similarly, a NIOSH Survey of 
healthcare workers who handle haz-
ardous drugs and other chemicals has 
documented lack of adherence to safe 
handling practices and opportunities 
for health protection. Also, an inter-
disciplinary work group of the council 
developed a multidisciplinary report 
on the state of the science and direc-
tions for future research in cleaning 
and disinfecting agents.

The fourth and fifth strategic goals 
addressed related issues of reduc-
ing sharps injuries and their impacts 
among all healthcare personnel and 
stopping transmission of infectious 
diseases in HSA settings among work-
ers, patients, and visitors. NIOSH 
developed regulations implementing 
Part G of the Ryan White Act. NIOSH 
has carried out a range of activities 
to advance worker protection from 
influenza. NIOSH has worked with oth-
ers to address a range of challenges, 
including pandemic influenza, Middle 
East Respiratory Syndrome (MERS), 

DISINFECTANT SAFETY

NIOSH recommendations 
adopted by healthcare 
facilities help protect 
workers by reducing 
exposure to disinfectants 
that can cause health 
problems.

http://www.cdc.gov/niosh/nora/comment/agendas/hlthcaresocassist/pdfs/HlthcareSocAssistFeb2013.pdf
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http://www.cdc.gov/niosh/docs/2014-138/pdfs/2014-138.pdf
http://www.cdc.gov/niosh/docs/2014-138/pdfs/2014-138.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4504242/
http://www.ajicjournal.org/article/S0196-6553(15)00075-9/fulltext
http://www.ajicjournal.org/article/S0196-6553(15)00075-9/fulltext
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http://www.cdc.gov/niosh/topics/ryanwhite/
http://www.cdc.gov/niosh/topics/flu/activities.html
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and Ebola Virus Disease. An important area of contribution has been in personal 
protective devices. NIOSH helped with a TJC monograph, Implementing Hos-
pital Respiratory Protection Programs: Strategies from the Field and partnered 
to produce the NIOSH-OSHA Hospital Respiratory Protection Toolkit. Both of 
these resources were developed to help hospitals implement effective respira-
tory protection programs with an emphasis on preventing transmission of infec-
tious diseases to healthcare personnel.

Trends in HSA Employment, Fatalities, Injuries,  
and Illnesses 
Trends in employment, fatalities, and nonfatal injuries provide context for the 
review of the HSA activities, effectiveness, and impact during the decade. 
Background rates for employment in the sector, fatalities, and nonfatal inju-
ries are provided. From 2007 through 2014, employment in the HSA sector 
increased from just more than 18 million in 2007 to almost 20 million in 2014 
(Figure 11). Employment data were collected from the Current Population 
Survey and includes private industry and government (federal, state, and local) 
and the self-employed. Volunteers are not included in employment counts.

Figure 12 shows how many fatalities and nonfatal injuries and illnesses oc-
curred from 2007 through 2014. The number of fatalities in the HSA sector 
during the decade has remained fairly stable, with 118 work-related deaths 
in 2007, to 111 fatalities in 2014. Nonfatal injuries increased from 675,700 in 
2007 to a peak in 2009, before ending in 2014 at 710,200 (Figure 12). Fatality 
and injury data were collected from the Census of Fatal Occupational Injuries 
(CFOI) and the Survey of Occupational Injuries and Illnesses (SOII). The latter 
does not include self-employed, and only private industry data were available 
before 2008.

Figure 11. Employment trend in healthcare and social assistance  
(2007 through 2014)

Employment data: Bureau of Labor Statistics, Current Population Survey (CPS). 
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HOME HEALTHCARE

NIOSH recommendations 
adopted by the 
Occupational Safety and 
Health Administration help 
improve the health and 
safety of home healthcare 
workers.

http://www.jointcommission.org/implementing_hospital_respiratory_protection_programs_strategies_from_the_field/
http://www.jointcommission.org/implementing_hospital_respiratory_protection_programs_strategies_from_the_field/
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http://www.bls.gov/cps/
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Figure 12. Fatality, injury or illness trends in healthcare and social assistance (2007 
through 2014)

Fatality data: Bureau of Labor Statistics, Census of Fatal Occupational Injuries (CFOI). Injury or illness data: 
Bureau of Labor Statistics, Survey of Occupational Injuries and Illnesses (SOII).

Activities and Output
Figure 13 shows how many research projects (intramural and extramural) con-
tributed effort to the HSA Sector Program during the decade. Project counts 
reflect the percentage of total effort directly attributable to HSA Sector Pro-
gram research. Example: If one project is attributed as 50% effort in HSA, then 
it is counted as 0.50 of a project.

Figure 13. Number of healthcare and social assistance research projects (FY2007 
through FY2015)
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Figure 14 shows the funds invested in intramural and extramural research proj-
ects from 2007 through 2015. Investment totals reflect the percentage of total 
effort directly attributable to HSA Sector Program research goals. Example: If 

RESPIRATOR HEALTH

NIOSH studies of health 
effects related to filtering 
face-piece respirators 
contributed to new 
guidance from national 
and international groups, 
including the World Health 
Organization, the Food and 
Drug Administration, and 
the Institute of Medicine.

http://www.bls.gov/iif/
http://www.bls.gov/iif/
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one project with a total budget of $100,000 is attributed as 50% effort in HSA, 
then the total investment is shown as $50,000. Totals in Figure 14 are shown in 
millions of dollars. 

Figure 14. NIOSH investment in healthcare and social assistance research projects 
(FY2007 through FY2015)

 

Information on research associated with the cross-sector programs is available 
for FY2007 through FY2014. The cross-sector programs are described later in 
this supplement. The graph below shows the HSA research by cross-sector. A 
research project is counted if at least 50% of project activity is attributed to the 
HSA Sector Program and the corresponding cross-sector program. Cross-sector 
data are shown for five projects or more during the decade.

Figure 15. Number of projects in healthcare and social assistance by NIOSH cross-sector 
program (FY2007 through FY2014)
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NIOSH suggestions 
contributed to an American 
Nurses Association’s 
position statement to 
improve health and safety 
for nurses (“Addressing 
Nurse Fatigue to Promote 
Safety and Health: 
Joint Responsibilities of 
Registered Nurses and 
Employers to Reduce 
Risks”).



24 NORA Second Decade in Review: NIOSH Sector and Cross-Sector Program Supplement | 2006–2016

Table 9 shows the number and type of publications during the decade that were 
attributed to the HSA Sector. Publications were identified in the NIOSHTIC-2 data-
base of occupational safety and health publications, documents, grant reports, 
and other communication products supported in whole or in part by NIOSH 
funding. Publication counts likely underestimate publications produced by the 
program during NORA’s second decade due to the limitations of the data-col-
lection methods available. Not all publications a program develops are included 
in the NIOSHTIC-2 database, and not all publications in the database can be 
associated with a specific program. During the second decade, 492 publications 
were attributed to the HSA Sector Program, with an almost-even distribution 
between intramural publications (325) and extramural (174).

Table 9. Publications attributed to healthcare and social assistance by type 
(FY2007 through FY2014)

Publication Category
Total Number 
Publications

Intramural 
Publications

Extramural 
Publications

Journal article 261 176 91

Numbered publication or field 
study report

69 69 0

Abstract or conference 
proceeding

63 40 23

Book or book chapter 26 21 6

Newsletter, trade, or lay 
publication

34 5 29

Other 39 14 25

Totals 492 325 174

Note: The sum of intramural and extramural publications may exceed the total. A publication with intramural 
and extramural authors is counted in both categories. 

Effectiveness
One measure of research effectiveness is the degree to which research activities 
addressed strategic goals of the HSA Program. Information on the sector goals 
addressed by a project is available for some NIOSH research projects. The HSA 
Program established strategic goals in FY2009. These goals were later revised, 
and new goals were introduced in FY2011. Five more goals were introduced 
in FY2014, which was outside of the review period of FY2007 through FY2014. 
Table 10 shows how many projects addressed each strategic goal during the 
decade. The most-frequently addressed strategic goal (SG) was SG 03 (Hazard-
ous Drugs). The least-frequently addressed goals (SG 06–SG 10) were added to 
the HSA research agenda in 2014, so counts of projects addressing these goals 
by 2014 do not accurately reflect the effectiveness of the HSA research program 
in addressing strategic goals. Intramural research projects most-frequently ad-
dressed SG 03 (Hazardous Drugs and Chemicals Exposure), followed by SG 05 
(Infectious Disease), SG 01 (Safety Culture), and SG 02 (Reduce Musculoskeletal 
Disorders). Extramural projects most-frequently addressed SG 01 (Safety Cul-
ture), followed by SG 02 and SG 05. 

NEEDLE-STICK REGULATIONS

NIOSH research to protect 
healthcare workers 
contributed to needle-stick 
regulations in 21 states; 
new regulations on safe 
patient handling in 11 
states; and new standards 
on safe patient handling 
at the American Nurses 
Association.

https://www2a.cdc.gov/nioshtic-2/default.asp
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Table 10. Number of healthcare and social assistance research projects by 
strategic goal (FY2007 through FY2014)

Strategic Goal (SG)*
Intramural  
Projects

Extramural  
Projects

Total 
Number  

of Projects

SG 01: Safety culture (Added FY2011) 47 25 72

SG 02: Reduce musculoskeletal disorders 
(Added FY2011)

44 15 59

SG 03: Hazardous drugs and chemicals 
exposure (Added FY2011)

71 6 77

SG 04: Sharps injuries (Added FY2011) 15 8 23

SG 05: Infectious disease (Added FY2011) 62 12 74

SG 06: Zoonotic diseases among VM/AC 
[Implemented FY2014]†

2 1 3

SG 07: Injuries among VM/AC 
(Implemented FY2014)† 0 0 0

SG 08: Respiratory hazards among VM/AC 
(Implemented FY2014)† 0 0 0

SG 09: Reproductive hazards among 
VM/AC (Implemented FY2014)† 0 0 0

SG 10: Physical hazards among VM/AC 
(Implemented FY2014)† 0  0 0

*Data show how many research projects contributed 50% or more effort to the sector and addressing the 
indicated goal. Projects can address multiple goals.

†Five HSA goals were developed in FY2013 and implemented in FY2014, which was the end of the data-
collection period. No projects during the data-collection period addressed four of these five new goals.

Outcomes and Impact
Citations of NIOSH-funded journal articles are one measure of research impact. 
This indicates that scientists outside of NIOSH have made use of the institute’s 
research outputs. Table 11 shows journal articles associated with the HSA sec-
tor and their citation counts available in the Scopus citation database as of 
September 2016. Data are shown for publications resulting from intramural and 
extramural research. Fewer journal articles are included in this table than the 
total number noted in the publication table for this program. Not all publica-
tions are included in the Scopus citation database. Journal articles attributed 
to both intramural and extramural projects are counted in both.

VIOLENCE PREVENTION

NIOSH-developed training 
modules on preventing 
workplace violence 
help protect workers 
by instructing nursing 
students on how to prevent 
workplace violence and 
contributing to the state of 
New Jersey enacting a law 
to help protect workers.
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Table 11. Number of citations attributed to healthcare and social assistance 
(FY2007 through FY2014)

Type of Citation Totals

Total number of journal articles 213

Total number of citations 2,686

Intramural journal articles 140

Intramural citations 1,786

Extramural journal articles 79

Extramural citations 1,048

Note: Journal article counts included in this table are lower than the total number noted in the outputs table, 
because not all publications are included in the Scopus citation database. Journal articles attributed to both 
intramural and extramural projects are counted in both. 

Another important measure of research outcomes is how many outputs others 
have obtained. Table 12 shows how many NIOSH-numbered publications asso-
ciated with the HSA sector that have been requested in printed form or down-
loaded electronically during NORA’s second decade.

Table 12. Electronic and printed distribution of NIOSH-numbered healthcare 
and social assistance publications

Sector Number of 
Publications

Electronic 
Downloads

Printed 
Distribution

Healthcare and Social Assistance 57 288,458 422,749

HEARING LOSS SIMULATOR

NIOSH developed a 
Hearing Loss Simulator 
(HLS), a software training 
and communication tool 
that demonstrates the 
effects of noise exposure 
on a worker’s hearing 
without exposure to 
harmful noise levels. The 
real-life scenarios of this 
software are designed to 
raise awareness, increase 
motivation for hearing loss 
prevention, and reduce 
the number of people 
who suffer from hearing 
loss. OSHA and other 
organizations are utilizing 
and recommending the 
HLS.
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Wind Blade Manufacturer Reduces Styrene Exposures 

Managers at a plant that manufac-
tures wind turbine blades asked 
for NIOSH assistance. Previous air 
sampling raised concerns about 
peak styrene concentrations when 
workers enter the confined space 
inside of the wind turbine blade to 
perform a glue-wiping task. Overex-
posure to high levels of styrene can 
cause death or irreparably damage 
a worker’s health. At lower levels, 
styrene can damage the central 
nervous system and accelerate loss 
of hearing due to noise exposure. 
NIOSH researchers made two 

site visits, measuring the styrene 
concentration in the air near the 
workers as they performed manu-
facturing tasks. NIOSH confirmed 
the glue-wiping task has the highest 
exposures. NIOSH recommended 
that exposures be controlled, and 
it published reports describing the 
study.

After the initial site visit, the com-
pany made changes to the glue-
wipe task that eliminated the need 
for workers to enter the confined 
space inside of the wind-turbine 

blade. Styrene exposures were 
reduced by an order of magni-
tude. The company considered 
more NIOSH recommendations to 
further reduce styrene and other 
potentially hazardous exposures. 
The NIOSH work underscores the 
need to address worker safety and 
health issues in the growing clean-
energy industries.

Details: Occupational Exposures to 
Styrene Vapor in a Manufacturing 
Plant for Fiber-Reinforced Compos-
ite Wind Turbine Blades

MANUFACTURING

The Manufacturing (MNF) Sector comprises estab-
lishments engaged in the mechanical, physical, or 
chemical transformation of materials, substances, 
or components into new products. Manufacturing 
faces a wide range of diversity in workplace and 
safety challenges. Hearing loss, nanotechnology, 
chemical process safety, management systems, 
and special populations are some of the priority 
research needs.

The Manufacturing Program includes representa-
tives of NIOSH divisions and external organizations 
(academia, trade or professional organizations, 
industry, insurers, unions, and government). These 
diverse parties collaborate to identify and address 

the most-critical issues in workplace safety and 
health in manufacturing, through research and non-
research activities. The Manufacturing Program has 
been able to expand NIOSH’s research portfolio 
and improve the dissemination of NIOSH products 
and initiatives through cooperative efforts with 
outside partners and NORA Cross-sectors. 

New constituencies were reached through 
dedicated sessions in scientific and trade show 
events, publications, and other efforts to make 
scholarly communication systems more nimble 
and accessible. Examples include an annual dedi-
cated research-to-practice track at a large safety 
event (National Safety Council) and working 

Photo by Thinkstock
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with stakeholders to coauthor NIOSH 
Science Blog articles on some of the 
sector’s strategic goals. The science 
blog articles helped NIOSH to evalu-
ate reach, including press presence 
and other metrics.

The National Manufacturing Agenda 
was developed and disseminated 
in August 2009. It has guided the 
funding of high-quality research, and 
several projects have benefitted from 
the national partnerships developed 
through the Manufacturing Sector 
Council. From 2007 through 2014, 
nearly a third (31%) of all NIOSH 
publications had implications for the 
manufacturing industry. In addition, 
12% of the publications by extramural 
researchers also addressed manufac-
turing. Highlights include contribu-
tions made to encourage research 
and improve the dissemination of 
research results related to prevent-
ing traumatic injury, musculoskeletal 
disorders, respiratory disease, cancer, 
and hearing loss. Other important 
highlights were outreach to small 
business and activities involving nano-
technology. An example was publica-
tion of research analyzing saw-related 
injuries and their causes, compared 
with national data from the Bureau 
of Labor Statistics. NIOSH-recom-
mended practices to prevent hearing 
loss were adopted by organizations 
that include the National Institute of 
Standards and Technology, OSHA 
(for training of its field inspectors), 
the Department of Defense (for its 
new regulation, DODI 1474E, [DOD 
2015]), and the National Academy of 
Engineering’s Technology for a Qui-
eter America (TQA) Workgroup. A 
further highlight was giving guidance 
to reduce exposure to nanomateri-
als at the source. Beyond research, 
the council contributed to transfer-
ring and translating research find-
ings, technologies, and information 

into guidance and products that help 
prevent worker injuries and illnesses. 
The council partnered with the Uni-
versity of Cincinnati‘s Department of 
Environmental Health and Education 
and Research Center to organize a 
NORA Manufacturing Sector Confer-
ence in September 2011 in Cincin-
nati, Ohio. The conference helped to 
set priorities and create partnerships 
to improve occupational safety and 
health in manufacturing. Since then, 
the council has worked to expand 
and expedite how new information 
and technologies can be communi-
cated to the public as soon as they 
are developed. Using new media and 
metrics, the council has worked to 
improve networking, and it addressed 
disseminating evidence-based recom-
mendations to inform decision-mak-
ing parties in occupational health. 

Trends in Manufacturing 
Employment, Fatalities, Injuries, 
and Illnesses 
Figure 16 and Figure 17 show trends 
in employment, fatalities, and nonfa-
tal injuries and illnesses. Manufactur-
ing employment declined from a high 
of more than 16 million in 2007 to 
a little more than 15 million in 2014 
(Figure 16). Fatalities dropped slightly 
during the same period, from 401 in 
2007 to a low of 312 in 2013, before 
slightly rising to 351 in 2014 (Figure 
17). Nonfatal injuries and illnesses 
were sharply reduced during the 
decade, from around 783,000 in 2007 
to a low of nearly 477,000 in 2013 
(Figure 17). Fatality and injury data 
were collected from the Census of 
Fatal Occupational Injuries (CFOI) and 
the Survey of Occupational Injuries 
and Illnesses (SOII). The SOII does not 
include the self-employed, and only 
private industry data were available 
before 2008.

NEW HEARING MEASURES

A NIOSH study with 
boat manufacturers led 
to several manufacturers 
reducing styrene and noise 
exposure with engineering 
controls.

SAFETY, HEALTH TRAINING

Maryland’s local 
occupational health faculty 
members use the new 
NIOSH-funded state-based 
Occupational Health and 
Safety Surveillance Program 
indicators website to teach 
about occupational safety 
and health.
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Figure 16. Employment trend in manufacturing (2007 through 2014)

Employment data: Bureau of Labor Statistics, Current Population Survey (CPS). 
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Fatality data: Bureau of Labor Statistics, Census of Fatal Occupational Injuries (CFOI). Injury or illness data: 
Bureau of Labor Statistics, Survey of Occupational Injuries and Illnesses (SOII). 

Activities and Output
Figure 18 shows how many research projects (intramural and extramural) con-
tributed effort to the MNF Sector Program during the decade. Project counts 
reflect the percentage of total effort directly attributable to MNF Sector Pro-
gram research. Example: If one project is attributed as 50% effort in MNF, then 
it is counted as 0.50 of a project. 

Figure 17. Fatality, injury or illness trends in manufacturing  
(2007 through 2014)

ANTI-VIBRATION GLOVES

NIOSH research on 
preventing hand-arm 
vibration syndrome 
contributed scientific 
information to new national 
standards for testing and 
certifying anti-vibration 
gloves, to the General 
Services Administration 
recommending that 
gloves be certified and to 
the LeBlanc Building Co. 
incorporating a hand-tool 
document in its employee 
training.

CLAIMS DATA USE

NIOSH recommendations 
for preventing diseases, 
identified through medical 
claims data, provide 
information that health 
insurers use to develop 
reports and that employers 
use to develop priorities 
and prevention plans.

http://www.bls.gov/cps/
http://www.bls.gov/iif/
http://www.bls.gov/iif/
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Figure 18. Number of manufacturing projects (FY2007 through FY2015)
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Figure 19 shows funds invested in intramural and extramural research projects 
from 2007 through 2015. Investment totals reflect the percentage of total effort 
directly attributable to MNF Sector Program research goals. Example: If one 
project with a total budget of $100,000 is attributed as 50% effort in MNF, then 
the total investment is shown as $50,000. Totals are shown in millions of dollars. 

Figure 19. NIOSH investment in manufacturing research projects (FY2007 through 
FY2015)

BIOMECHANICS DATA

The NIOSH model for 
work-related biomechanics 
(6DHAND) provided 
information that the 
company BioMotion of 
America used to develop 
protocols for when workers 
can return to work after  
an injury.

DIACETYL SAMPLING

NIOSH research validated 
the Occupational Safety and 
Health Administration’s way 
of sampling for the flavoring 
diacetyl. More researchers 
and industrial hygienists are 
now using that approach.
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Information on research associated with the cross-sector programs is available 
from FY2007 through FY2014. The cross-sector programs are described later in 
this supplement. Figure 20 shows the MNF research by cross-sector. A research 
project is counted if at least 50% of project activity is attributed to the MNF 
Sector Program and the corresponding cross-sector program. Cross-sector data 
are shown for five projects or more during the decade. 

Figure 20. Number of projects by NIOSH cross-sector program for manufacturing 
(FY2007 through FY2014)
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Table 13 shows the number and type of publications during the decade that 
were attributed to the MNF Sector. Publications were identified in the NIOSHTIC-2 
database of occupational safety and health publications, documents, grant 
reports, and other communication products supported in whole or in part by 
NIOSH funding. Publication counts likely underestimate publications produced 
by the program during NORA’s second decade due to the limitations of the 
data-collection methods available. Not all publications a program develops are 
included in the NIOSHTIC-2 database, and not all publications in the database 
can be associated with a specific program. During the second decade, 1,739 
publications were attributed to the MNF Sector Program, with 1,391 of those 
intramural publications, and 419 extramural publications.

HAND-ARM VIBRATION

A NIOSH study on hand-
arm vibration syndrome 
contributed scientific 
information to the revisions 
of national standards by 
the American National 
Standards Institute and the 
International Organization 
for Standardization. 

ASSESSING BERYLLIUM

A NIOSH method, 
validated by other 
laboratories, provides 
industrial hygienists with  
a tool to assess exposure 
to beryllium oxide.

https://www2a.cdc.gov/nioshtic-2/default.asp
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Table 13. Publications attributed to manufacturing by type (FY2007 through 
FY2014)

Publication Category
Total Number 
Publications

Intramural 
Publications

Extramural 
Publications

Journal article 1,025 773 299

Numbered publication or field 
   study report

129 129 0

Abstract or conference proceeding 424 355 91

Book or book chapter 82 76 6

Newsletter, trade, or lay publication 25 25 1

Other 54 33 22

Totals 1,739 1,391 419

Note: The sum of intramural and extramural publications may exceed the total. A publication with intramural 
and extramural authors is counted in both categories. 

Effectiveness
One measure of research effectiveness is the degree to which research activities 
addressed strategic goals of the MNF Program. Information on the sector goals 
addressed by a project is available for some NIOSH research projects. Table 14 
shows how many projects addressed each strategic goal during the decade. The 
most-frequently addressed strategic goal (SG) was SG 05 (Respiratory Condi-
tions and Diseases). SG 10 (Reduce Catastrophic Incidents), SG 07 (Vulnerable 
Populations), and SG 02 (Falls) were the least-frequently addressed strategic 
goals. Intramural research projects most-frequently addressed SG 05, followed 
by SG 09 (Build Knowledge Base), and SG 06 (Cancer Due to Exposure). Extra-
mural projects most-frequently addressed SG 09, followed by SG 06, SG 05, 
and SG 04 (Reduce Hearing Loss). 

Table 14. Number of manufacturing research projects by strategic goal (FY2007 
through FY2014)

Strategic Goal (SG)
Intramural 
Projects

Extramural  
Projects

Total Number 
Projects

SG 01: Contact with objects 12 1 13

SG 02: Falls 3 1 4

SG 03: Reduce musculoskeletal disorders 29 9 38

SG 04: Reduce hearing loss 33 9 42

SG 05: Respiratory conditions and diseases 124 13 137

SG 06: Cancer due to exposures 65 17 82

SG 07: Vulnerable populations 8 0 8

SG 08: Small businesses 26 0 26

SG 09: Build knowledge base 113 19 132

SG 10: Reduce catastrophic incidents 4 0 4

*Data show how many research projects contributed 50% or more effort to the sector goal. Projects can 
address multiple goals.

ARM DISORDER STUDY

A NIOSH study on  
work-related arm disorders 
contributed to WorkSafe 
British Columbia’s new 
policy on musculoskeletal 
disorders (#27.00-27.40). 

BERYLLIUM PROTECTION

NIOSH research with Brush 
Wellman Inc. to protect 
workers from exposure 
to beryllium led to the 
company implementing a 
comprehensive exposure-
prevention program.
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Outcomes and Impact
Citation of NIOSH-funded journal articles is one measure of research impact. 
This indicates that scientists outside of NIOSH have used the institute’s research 
outputs. Table 15 shows journal articles associated with the MNF sector and 
their citation numbers available in the Scopus citation database as of Septem-
ber 2016. Data are shown for publications resulting from intramural and extra-
mural research. Table 15 lists fewer journal articles than the total number noted 
in the publication table for this program. Not all publications are included in 
the Scopus citation database. Journal articles attributed to both intramural and 
extramural projects are counted in both.

Table 15. Number of citations for manufacturing (FY2007 through FY2014)

Sector Total

Total number of journal articles 924

Total number of citations 24,788

Intramural journal articles 684

Intramural citations 20,796

Extramural journal articles 285

Extramural citations 6,589

Note: Journal article counts included in this table are lower than the total number noted in the outputs table, 
because not all publications are included in the Scopus citation database. Journal articles attributed to both 
intramural and extramural projects are counted in both.

Another important measure of research outcomes is how many outputs oth-
ers have obtained. Table 16 shows how many NIOSH-numbered publications 
associated with the MNF sector have been requested in printed form or down-
loaded electronically during NORA’s second decade.

Table 16. Electronic and printed distribution of NIOSH-numbered 
manufacturing publications (FY2007 through FY2014) 

Sector Number of 
Publications

Electronic 
Downloads Printed Distribution

Manufacturing 70 176,235 117,472

CONTROL BANDING

A NIOSH publication 
on a technique, known 
as control banding, that 
manages workplace 
risks was the basis of 
the American Industrial 
Hygiene Association’s 
5-year strategic plan, 
which identifies control 
banding as a top priority.

AIR FORCE REVIEW

NIOSH work, in part, 
led to the U.S. Air Force 
commissioning a National 
Academies review of 
beryllium.
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The Mining Sector (MIN) comprises establishments 
that conduct or support coal mining, metal ore 
mining, and nonmetallic mineral mining and quarry-
ing. Mining, as a basic industry, provides the foun-
dation for our nation’s economy, national defense, 
and standard of living. Workers in the MIN sector 
face risks that include falling materials, occupation-
al hearing loss, explosions, fires, powered haulage, 
overexertion, electrical equipment, and exposure to 
particulates and dusts that include diesel emissions, 
coal dust, and silica dust. 

The Mining Program’s active participation from 
government, academia, labor, and industry helps 
guide intramural and extramural research activities. 
The Mining Safety and Health Research Advisory 
Committee (MSHRAC) advises the mining program’s 

intramural research and extramural efforts via the 
authorities of the MINER Act. The committee, 
which convenes face-to-face at least once a year, 
has nine current and past members. The NORA 
Mining Sector Council was established in 2010. 
It  has 27 members, 22 corresponding members, 
and 14 past members. The NORA Mining Sector 
Council meets annually at a place and time cor-
responding to the Society for Mining, Metallurgy, 
and Exploration (SME) annual meeting and exhibit. 
Teleconferences or web meetings occur throughout 
the year depending on the council’s requirements. 
Both the MSHRAC and the NORA Mining Sector 
Council comprise committee members who rep-
resent a mix of government, academia, industry, 
and labor. 

MINING

Underground Mine Communications Systems Improved through Research 

Underground coal-mining disasters 
often kill miners. Fires, explosions, 
and falling rocks can sever commu-
nication with possible survivors by 
destroying wires that run through 
tunnels. This complicates rescue 
attempts. The Mine Improvement 
and New Emergency Response 
Act (MINER Act) (Public Law 109-
236) of 2006 required mines to 
have wireless communications and 
electronic tracking systems. Even 
though we can send a signal far 

into space, signaling a mile un-
derground is difficult. At the time, 
available products and technolo-
gies had severe limitations. NIOSH 
conducted needed research to 
allow quick installation of workable 
systems. NIOSH funded companies 
and universities with the expertise 
to conduct research and develop 
improved systems. 

More than a third (35%) of under-
ground coal-mining companies that 

installed systems in the United 
States selected one of the NIOSH-
developed communication sys-
tems. NIOSH research helped to 
develop and enhance improved 
technologies. All underground 
coal mines now have a primary and 
secondary communication system 
installed. Those technologies are 
now in place to help survivors be 
rescued during mine disasters.

Details: Mining Topic: Emergency 
Communications and Tracking

Photo by Thinkstock

http://www.cdc.gov/niosh/mining/topics/EmergencyCommunicationsandTracking.html
http://www.cdc.gov/niosh/mining/topics/EmergencyCommunicationsandTracking.html
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Trends in Mining Employment, Fatalities,  
Injuries, and Illnesses 
To provide context for the review of MIN activities, effectiveness, and impact 
during the decade, background rates for employment in the sector, fatalities, 
and nonfatal injuries are provided. From 2007 through 2014, employment in the 
MIN sector remained fairly stable (Figure 21). Employment data were collected 
from the Current Population Survey and include private industry and govern-
ment (federal, state, and local) and the self-employed. Employment counts do 
not include volunteers.

Fatalities generally declined during the decade, with a peak in 2010 (Figure 22). 
Nonfatal injuries (Figure 22) started the decade with a peak of 15,100 nonfatal 
injuries and illnesses in 2008 and reached a low of 6,100 injuries and illnesses 
in 2013 before rising again to 9,100 in 2014. Fatality and injury data were col-
lected from the Census of Fatal Occupational Injuries (CFOI) and the Survey of 
Occupational Injuries and Illnesses (SOII). The latter does not include self-
employed, and only private industry data were available before 2008.

Figure 21. Employment trend in mining (2007 to 2014)

Employment data: Bureau of Labor Statistics, Current Population Survey (CPS). 

Figure 22. Fatality, injury or illness trends in mining (2007 through 2014)
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Fatality data: Bureau of Labor Statistics, Census of Fatal Occupational Injuries (CFOI). Injury or illness data: 
Bureau of Labor Statistics, Survey of Occupational Injuries and Illnesses (SOII). 

OLDER MINER SAFETY

A NIOSH training 
resource led to mining 
companies implementing 
accommodations to reduce 
hazards for older miners.

RULE PROTECTS MINERS

NIOSH research to 
protect workers from coal 
mine dust significantly 
contributed to a final rule 
from the Mine Safety and 
Health Administration.

http://www.bls.gov/cps/
http://www.bls.gov/iif/
http://www.bls.gov/iif/
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Activities and Output
Figure 23 shows how many research projects (intramural and extramural) con-
tributed effort to the MIN Sector Program during the decade. Project counts 
reflect the percentage of total effort directly attributable to MIN Sector Pro-
gram research. Example: If one project is attributed as 50% effort in MIN, then 
it is counted as 0.50 of a project. 

Figure 23. Number of mining research projects (FY2007 through FY2015)
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Figure 24 shows the funds invested in intramural and extramural research projects 
from 2007 through 2015. Investment totals reflect the percentage of total effort 
directly attributable to MIN Sector Program research goals. Example: If one 
project with a total budget of $100,000 is attributed as 50% effort in MIN, then 
the total investment is shown as $50,000. Totals in Figure 24 are shown in millions 
of dollars. Supplemental MINER Act funding is included in the intramural totals.

Figure 24. NIOSH investment in mining research projects  
(FY2007 through FY2015)

DIESEL-EMISSIONS CONTROL

NIOSH diesel-emissions 
control strategies and 
technologies have been 
widely implemented by 
U.S. underground mining 
companies.

DIESEL PARTICULATES

After NIOSH-developed 
a real-time instrument for 
measuring diesel engine 
particulates in an effort to 
reduce metal and non-
metal mining workers’ 
exposures, companies 
began using it to analyze 
working conditions and 
improve exposure control.
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Information on research associated with the cross-sector programs is available 
for FY2007 through FY2014. The cross-sector programs are described later in 
this supplement. The graph below shows the MIN research by cross-sector. A 
research project is counted if at least 50% of project activity is attributed to the 
MIN Sector Program and the corresponding cross-sector program. Cross-sector 
data are shown for five projects or more during the decade. 

Figure 25. Number of projects by NIOSH cross-sector program for mining (FY2007 
through FY2014)
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Table 17 shows the number and type of publications during the decade that 
were attributed to the MIN Sector Program. Publications were identified in the 
NIOSHTIC-2 database of occupational safety and health publications, docu-
ments, grant reports, and other communication products supported in whole or 
in part by NIOSH funding. Publication counts likely underestimate publications 
produced by the program during NORA’s second decade due to the limitations 
of the data-collection methods available. Not all publications a program devel-
ops are included in the NIOSHTIC-2 database, and not all publications in the 
database can be associated with a specific program. During the second decade, 
1,022 publications were attributed to the MIN Sector Program, with the intra-
mural publication count (999) being significantly greater than extramural (31).

ROCK BLASTING SAFETY

NIOSH work led to a 
mining stakeholder 
implementing the 
Institute’s buffer design, 
which increases safety 
when rock blasting.

REDUCING COAL DUSTS

NIOSH work led to the 
Mine Safety and Health 
Administration’s updated 
policy on specific methods, 
including scrubber use and 
deep cutting, to reduce 
airborne coal mine dust 
during the mining process 
known as continuous mining.

MACHINE ENCLOSURE

NIOSH and public sector 
mining partners created 
the Collapsible Drill Steel 
Enclosure, which absorbs 
sound to reduce roof-
bolting machine noise, 
reduces time-weighted 
noise exposures during 
8-hour work shifts, and 
reduces the potential for 
noise-induced hearing loss 
for miners. 

https://www2a.cdc.gov/nioshtic-2/default.asp
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Table 17. Publications attributed to mining by type (FY2007 through FY2014)

Publication Category
Total Number 
Publications

Intramural 
Publications

Extramural 
Publications

Journal article 399 385 21

Numbered-publication or field 
study report

154 154 0

Abstract or conference proceeding 383 381 3

Book or book chapter 25 25 0

Newsletter, trade, or lay publication 33 33 0

Other 28* 21 7*

Totals 1,022 999 31

Note: The sum of intramural and extramural publications may exceed the total. A publication with intramural 
and extramural authors is counted in both categories. 

*Table 17 does not include 158 publications resulting from the MINER Act contracts and grants program, 
including 94 contract reports, 27 PhD and 37 Masters dissertations.

Effectiveness
One measure of research effectiveness is how well research activities addressed 
strategic goals of the MIN Program. Information on the sector goals addressed 
by a project is available for some NIOSH research projects. Table 18 shows how 
many projects addressed each strategic goal during the decade. The most-fre-
quently addressed strategic goal (SG) was SG 05 (Mine Disasters). SG 03 (Risk 
of Musculoskeletal Disorders) was the least-frequently addressed strategic goal. 
Intramural research projects most-frequently addressed SG 05, followed by 
SG 01 (Airborne contaminants) and SG 07 (Effective Interventions). Extramural 
projects most-frequently addressed SG 05, followed by SG 01 and SG 07. 

Table 18. Number of mining research projects by strategic goal (FY2007 
through FY2014)

Strategic Goal (SG)
Intramural  
Projects

Extramural 
Projects

Total Number  
of Projects

SG 01: Airborne contaminants 45 9 54

SG 02: Reduce hearing loss 16 3 19

SG 03: Risk of musculoskeletal disorders 11 0 11

SG 04: Reduce traumatic injuries 25 6 31

SG 05: Mine disasters 52 13 65

SG 06: Ground failures 26 6 32

SG 07: EffectiveiInterventions 38 9 47

Data shows how many research projects contributed 50% or more effort to the sector goal. Projects can 
address multiple goals.

SILICA HANDBOOK

NIOSH and the Industrial 
Minerals Association–
North America developed 
a handbook for reducing 
miners’ silica exposures.

DIESEL EXHAUST STUDY

A NIOSH study on reducing 
diesel exhaust and 
particulate matter emitted 
by mining equipment led 
to a new 2013 document, 
“Hazard Alerts for Diesel 
Exhaust/Diesel Particulate 
Matter,” from the Mine 
Safety and Health 
Administration and the 
Occupational Safety and 
Health Administration.
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Outcomes and Impact
Citation of NIOSH-funded journal articles is one measure of research impact. 
This indicates that scientists outside of NIOSH have used the institute’s research 
outputs. Table 19 shows journal articles associated with the MIN sector and 
their citation counts available in the Scopus citation database as of September 
2016. Data are shown for publications resulting from intramural and extramural 
research. Journal article counts included in this table are lower than the total 
number noted in the publication table for this program. Not all publications 
are included in the Scopus citation database. Journal articles attributed to both 
intramural and extramural projects are counted in both.

Table 19. Number of citations for mining (FY2007 through FY2014)

Types of Citations Total

Total number of journal articles 311

Total number of citations 3,739

Intramural journal articles 297

Intramural citations 3,557

Extramural journal articles 21

Extramural citations 263

Note: Journal article counts included in this table are lower than the total number noted in the outputs table, 
because not all publications are included in the Scopus citation database. Journal articles attributed to both 
intramural and extramural projects are counted in both.

Another important measure of research outcomes is how many outputs others 
have obtained. Table 20 shows how many NIOSH-numbered publications asso-
ciated with the MIN sector have been requested in printed form or downloaded 
electronically during NORA’s second decade.

Table 20. Electronic and printed distribution of NIOSH-numbered mining 
publications (FY2007 through FY2014)

Sector
Number of 
Publications

Electronic 
Downloads Printed Distribution

Mining 150 66,227 62,194

The mining program has made significant progress on several priority research 
areas. Occupational exposure to airborne contaminants has been a major health 
concern for mine workers. The personal dust monitor was developed by NIOSH 
through intramural and extramural research efforts over the past decade. Real-
time monitoring of respirable dust exposures enables mine operators to identify 
potential overexposures and to implement interventions to prevent these over-
exposures. Extensive NIOSH research has demonstrated personal dust monitor 
accuracy, and it has been specified by the Mine Safety and Health Administra-
tion (MSHA) for compliance dust sampling in respirable dust regulations. 

MINE VENTILATION CHECKS

NIOSH research to 
improve mine safety led 
to industry using three 
different methods to check 
mine ventilation, well test 
analyses, and protocol 
development.

LED CAP LAMP

NIOSH research and 
development of an 
LED Cap Lamp led 
to the International 
Electrotechnical 
Commission updating its 
standards to ensure that 
future cap lamps provide 
greater visibility and safety 
for miners.
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After NIOSH research revealed that there are finer coal particles in intake air-
ways, MSHA revised the Title 30 Code of Federal Regulations 75.403 for main-
tenance of incombustible content of rock dust. It increased the incombustible 
requirement [MSHA 2010] from 65% to 80% in intake airways. This work has also 
led to recommendations on rock-dusting definitions and practices (such as par-
ticle size, non-caking dust) used by the industry. In addition, NIOSH developed 
the Coal Dust Explosibility Meter (CDEM) to accurately predict the explosibility 
of samples of coal and rock dust mixtures in real time.

Over the past 10 years, mining program illumination research has resulted in 
new knowledge, methods, and lighting interventions that are revolutionizing 
mine illumination. More importantly, this research reduces the likelihood of 
fatalities and injuries caused by poor illumination that reduces the ability of 
miners to see hazards. This research has produced a light-emitting diode (LED) 
cap lamp that enables a 94% improvement for detecting slip, trip, and fall haz-
ards and a 79.5% improvement in peripheral motion detection. The cap lamp 
research has directly impacted the Mine Safety and Health Administration’s 
certification and regulatory procedures for field inspection of mine lighting, the 
International Electrotechnical Commission (IEC) Standard for cap lamps, and 
two commercial cap lamp designs. 

Finally, eliminating fatalities and injuries from ground failure and machine-
human interaction has been a major mine program initiative over the past 10 
years. Many practical ground-control techniques have been developed through 
program research involving case histories of underground mines and large-scale 
laboratory testing of roof support elements. An entire toolbox of computer 
programs based on this research is available to assist the mining community 
with ground-control monitoring and design. To combat machine-related injuries 
and fatalities, the mining program developed and evaluated several proxim-
ity detection systems that establish safety zones around underground mining 
equipment. Incorporating NIOSH research findings, MSHA recently announced 
a proposed rule requiring mobile equipment to use this technology, and a final 
rule has been enacted to require all continuous mining machines be equipped 
with proximity detection systems.

BETTER DUST PRACTICES

A NIOSH device that better 
predicts the risk of coal 
dust explosion from coal 
mine dust samples led to 
improved safety for coal 
miners. The Mine Safety 
and Health Administration 
increased the fireproof 
requirement for rock dust 
in mine-intake airways, and 
rock-dust manufacturers, 
suppliers, and mine 
operators made changes to 
ensure that the rock dust 
used to prevent explosions 
meets size specifications.

MINE GAS SAFETY SYSTEM

Coal mining companies 
have embraced an in-mine 
nitrogen gas generation 
system that a commercial 
seller of gas generation 
equipment developed with 
NIOSH funding.
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OIL AND GAS EXTRACTION

Identification and Control of Silica Exposures During Hydraulic Fracturing

In field studies during hydraulic 
fracturing operations, NIOSH iden-
tified a previously unrecognized 
hazard—exposure to silica dust, 
technically known as respirable 
crystalline silica. Respirable crystal-
line silica exposure is associated 
with occupational risk for serious 
lung diseases, including silicosis 
and lung cancer. Hydraulic fractur-
ing is a process that involves pump-
ing water, sand, and chemicals into 
a rock formation under extreme 
pressure to enhance the recovery 
of crude oil and natural gas. NIOSH 
researchers determined that some 
workers regularly faced exposure 

to respirable crystalline silica (the 
primary component of frack sand) 
at concentrations many times the 
NIOSH-recommended exposure 
limit, and these emissions originated 
from sand-moving machinery. NIOSH 
disseminated these findings and 
recommendations widely, including 
in scientific and trade journals. 

NIOSH conceived, developed, and 
field-tested an engineering control 
that is both low cost and effective— 
it can reduce silica emissions on 
sand-moving equipment by 99%. 
Industry responded positively and 
immediately to the NIOSH recom-
mendations that stemmed from 

the field study. A national work-
group formed to enact the recom-
mendations and promoted them 
throughout the industry. As a result, 
companies have spent millions of 
dollars redesigning their equipment 
to protect workers from respirable 
crystalline silica. Workers are now 
aware of respirable crystalline silica 
and of how to protect themselves 
when working around frack sand. 

Details: Worker Exposure to 
Crystalline Silica During Hydraulic 
Fracturing and NIOSH-Designed 
Technology Can Reduce Workers’ 
Exposure to Silica at Hydraulic 
Fracturing Sites

NIOSH began a program of work in the Oil and 
Gas Extraction (MIO) Sector and formed a coun-
cil in 2008—2 years into NORA’s second decade. 
The MIO sector comprises establishments that 
explore for crude petroleum and natural gas; drill, 
complete, service and equip wells; and prepare oil 
and gas for shipment from the producing property. 
Workers in this sector face many occupational risks, 
such as motor vehicle crashes, contact with tools 
and equipment, fire and explosions, exposure to 
chemicals, and shift work.

Extramural partners participating in the NORA 
Oil and Gas Extraction Sector Council include 

representatives from the oil and gas exploration 
and production industry (such as operators, drill-
ers, or well servicers), academic partners, OSHA 
regional and national representatives, partici-
pants in the National STEPS Network (an indus-
try group focused on improving safety), trade 
associations, and occupational safety and health 
professionals. Intramurally, the NORA Oil and 
Gas Sector Council has had participation from 
NIOSH researchers in WSD, DART, the Center 
for Motor Vehicle Safety, and the NIOSH Small 
Business Assistance and Outreach cross-sector 
program. 

Photo by Thinkstock

http://blogs.cdc.gov/niosh-science-blog/2012/05/23/silica-fracking/
http://blogs.cdc.gov/niosh-science-blog/2012/05/23/silica-fracking/
http://blogs.cdc.gov/niosh-science-blog/2012/05/23/silica-fracking/
http://www.cdc.gov/niosh/updates/upd-11-04-15.html
http://www.cdc.gov/niosh/updates/upd-11-04-15.html
http://www.cdc.gov/niosh/updates/upd-11-04-15.html
http://www.cdc.gov/niosh/updates/upd-11-04-15.html
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The NORA Oil and Gas Extraction Sector Council matured over the decade into 
a representative body that actively participates in shaping the research agenda 
for the nation. Because there is limited research on this topic nationally, it is 
important to maintain this council and focus the direction of research that does 
occur. The NIOSH Oil and Gas Sector Program hopes that the next decade will 
see workplace hazards and exposures reduced even more. 

Trends in Oil and Gas Extraction Employment, 
Fatalities, Injuries, and Illnesses 
To provide context for reviewing MIO activities, effectiveness, and impact 
during the decade, background rates for employment in the sector, fatalities, 
and nonfatal injuries are provided. From 2007 through 2014, employment in 
the MIO sector increased from almost 500,000 to 870,000 workers (Figure 
26). Employment data were collected from the Current Population Survey and 
includes private industry and government (federal, state, and local) and the self-
employed. Volunteers are not included in employment counts.

Fatalities in MIO dropped by 50% between 2007 (122 fatalities) and 2009 (68 
fatalities), only to increase to a high of 144 in 2014 (Figure 27). Nonfatal injuries 
and illnesses declined from 12,600 in 2007 to 8,800 in 2014 (Figure 27). Fatality 
and injury data were collected from the Census of Fatal Occupational Injuries 
(CFOI) and the Survey of Occupational Injuries and Illnesses (SOII). The latter 
does not include self-employed, and only private industry data were available 
before 2008.

Figure 26. Employment trend in oil and gas extraction (2007 through 2014)

Employment data: Bureau of Labor Statistics, Current Population Survey (CPS). 
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FRACKING AND SILICA

NIOSH findings of 
potential silica exposure 
during hydraulic fracturing 
(fracking) led to a joint 
workgroup between 
NIOSH and industry 
partners to develop ways 
to control this hazard.

HEARING LOSS STANDARD

NIOSH helped the National 
Health and Nutrition 
Examination Survey 
improve surveillance of 
work-related hearing loss, 
which contributed to a new 
ISO standard. 

http://www.bls.gov/cps/
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Figure 27. Fatality, injury or illness trends in oil and gas extraction 
(2007 through 2014)
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Fatality data: Bureau of Labor Statistics, Census of Fatal Occupational Injuries (CFOI). Injury or illness data: 
Bureau of Labor Statistics, Survey of Occupational Injuries and Illnesses (SOII). 

Activities and Output
Figure 28 shows how many research projects (intramural and extramural) con-
tributed effort to the MIO Sector Program during the decade. Project counts 
reflect the percentage of total effort directly attributable to MIO Sector Pro-
gram research. Example: If one project is attributed as 50% effort in MIO, then 
it is counted as 0.50 of a project.

Figure 28. Number of oil and gas extraction research projects (FY2007 through FY2015)

MOTOR VEHICLE SAFETY

NIOSH and partners 
developed a guide 
for reducing motor 
vehicle fatalities that the 
International Oil and Gas 
Producers adopted.

ELIMINATING SILICOSIS

NIOSH and other 
organizations helped 
Chile establish its National 
Program to Eliminate 
Silicosis by starting a 
regional silica analytic 
laboratory, assessing silica-
related risks in workplaces, 
and giving trainings in 
reading X-rays, testing lung 
function, and assessing 
workplace risks.

http://www.bls.gov/iif/
http://www.bls.gov/iif/
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Figure 29 shows the funds invested in intramural and extramural research projects 
from 2007 through 2015. Investment totals reflect the percentage of total effort 
directly attributable to MIO Sector Program research goals. Example: If one project 
with a total budget of $100,000 is attributed as 50% effort in MIO, then the total 
investment is shown as $50,000. Totals in Figure 29 are shown in millions of dollars. 

Figure 29. NIOSH investment in oil and gas extraction research projects (FY2007 
through FY2015)
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Information on research associated with the cross-sector programs is available 
for FY2007 through FY2014. The cross-sector programs are described later 
in this supplement. Figure 30 shows MIO research by cross-sector. A research 
project is counted if at least 50% of project activity is attributed to the MIO Sec-
tor Program and the corresponding cross-sector program. Cross-sector data are 
shown for five projects or more during the decade. 

Figure 30. Number of projects by NIOSH cross-sector program for oil and gas extrac-
tion (FY2007 through FY2014)

NEW AIRBORNE STANDARD

A NIOSH document, 
“Components for Direct 
Reading Instruments 
for Gases and Vapors,” 
contributed to a new 
ISO standard to improve 
monitoring for dangerous 
airborne substances.

AIRBORNE TOXIC METALS

NIOSH work contributed 
to an American Society 
for Testing and Materials 
standard for using a 
technique, called ICP-MS, 
to measure toxic metals in 
airborne substances.
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Table 21 shows the number and type of publications during the decade that 
were attributed to the MIO sector. Publications were identified in the NIOSHTIC-2 
database of occupational safety and health publications, documents, grant 
reports, and other communication products supported in whole or in part by 
NIOSH funding. Publication counts likely underestimate publications produced 
by the program during NORA’s second decade due to the limitations of the 
data-collection methods available. Not all publications a program develops are 
included in the NIOSHTIC-2 database, and not all publications in the database 
can be associated with a specific program. During the second decade, 22 publi-
cations were attributed to the MIO Sector Program, with the intramural publica-
tion count (22) being significantly greater than extramural (0).

Table 21. Publications attributed to oil and gas extraction by type (FY2007 
through FY2014)

Publication Category
Total Number 
Publications

Intramural 
Publications

Extramural 
Publications

Journal article 9 9 0

Numbered publication or field 
study report

5 5 0

Abstract or conference proceeding 5 5 0

Book or book chapter 2 2 0

Newsletter, trade, or lay publication 1 1 0

Other 0 0 0

Totals 22 22 0

Note: The sum of intramural and extramural publications may exceed the total. A publication with intramural 
and extramural authors is counted in both categories. 

Effectiveness
One measure of research effectiveness is the degree to which research activities 
addressed strategic goals of the MIO Program. Information on the sector goals 
addressed by a project is available for some NIOSH research projects. Table 22 
shows how many projects addressed each strategic goal during the decade. 
The two most-frequently addressed strategic goals (SG) were SG 06 (Chemi-
cal Exposures) and SG 01 (Transportation Related Injuries). SG 09 (Vulnerable 
Populations), which was retired after FY2012 and replaced with a new priority in 
FY2014, did not address any strategic goals. Only intramural research projects 
supported goals. 

PERSONAL DUST MONITOR

The NIOSH Personal Dust 
Monitor led to increased 
efforts to protect mine 
workers from coal-dust 
exposure. The Mine Safety 
and Health Administration’s 
updated regulations 
specify the monitor’s 
use for compliance dust 
sampling, and a private 
company commercialized 
the monitor.

https://www2a.cdc.gov/nioshtic-2/default.asp
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Table 22. Number of oil and gas extraction research projects by strategic goal 
(FY2007 through FY2014)

Strategic Goal (SG)
Intramural 
Projects

Extramural 
Projects

Total Number  
of Projects 

SG 01: Transportation-related injuries 7 0 7

SG 02: Contact injuries 3 0 3

SG 03: Falls 6 0 6

SG 04: Fires and explosions 3 0 3

SG 05: Improvement in workplace practices, 
procedures and policies (Retired in 
FY2011) 

2 0 2

SG 06: Chemical exposures 11 0 11

SG 07: Develop industry-specific products  
(Retired after FY2014)

5 0 5

SG 08: Nonfatal occupational injuries 
(Retired after FY2012)

1 0 1

SG 09: Surveillance (Retired after FY2012) 0 0 0

SG10: Oil spill response workers  
(Retired after FY2013)

1 0 1

Data shows how many research projects contributed 50% or more effort to the sector goal. Projects can 
address multiple goals.

Outcomes and Impact
Citation of NIOSH-funded journal articles is one measure of research impact. 
This indicates that scientists outside of NIOSH have used the institute’s research 
outputs available in the Scopus citation database as of September 2016. In 
Table 23, data are shown for publications resulting from intramural and extramu-
ral research. Journal article counts included in Table 23 are lower than the total 
number noted in the publication table for this program. Not all publications 
are included in the Scopus citation database. Journal articles attributed to both 
intramural and extramural projects are counted in both.

Table 23. Number of citations for oil and gas extraction (FY2007 through 
FY2014)

Type of Citation Total

Total number of journal articles 5

Total number of citations 83

Intramural journal articles 5

Intramural citations 83

Extramural journal articles 0

Extramural citations 0

Note: Journal article counts included in this table are lower than the total number noted in the outputs table, 
because not all publications are included in the Scopus citation database. Journal articles attributed to both 
intramural and extramural projects are counted in both.

EXPOSURE CALCULATOR

A NIOSH web-based 
calculator is a tool that 
industrial hygienists use to 
estimate absorption after 
brief exposure to the skin 
of workplace chemicals.

MINE COMMUNICATIONS

Government, industry, 
and labor representatives 
collaborated to assess the 
challenges of improving 
underground mine 
communications and 
tracking technologies that 
are vital for locating and 
rescuing miners trapped 
after a mine cave-in. 
Systems developed 
through NIOSH funding 
and research account for a 
significant percentage of 
installed communications 
systems, and NIOSH 
funding of fundamental 
research stimulated the 
development of additional 
systems, which have 
also been accepted by 
the Mine Safety and 
Health Administration 
and installed by mining 
companies.



49NORA Second Decade in Review: NIOSH Sector and Cross-Sector Program Supplement | 2006–2016

Another important measure of research outcomes is how many outputs others 
have obtained. Table 24 shows how many NIOSH-numbered publications asso-
ciated with the MIO sector have been requested in printed form or downloaded 
electronically during NORA’s second decade.

Table 24. Electronic and printed distribution of NIOSH-numbered oil and gas 
extraction publications (FY2007 through FY2014) 

Sector Number of  
Publications

Electronic  
Downloads

Printed  
Distribution

Oil and Gas 
Extraction

5 14 645

The NORA Oil and Gas Extraction Sector Program has helped improve safety 
and health for workers. Here are three highlights:

1.  Reduction in fatality rates—From 2003 through 2013, the fatality rate for oil 
and gas extraction workers in the United States decreased significantly (36%). 
Collaborative outputs and information shared through NORA likely contrib-
uted (such as safety videos, alerts, articles). 

2.  Prevention of respirable silica hazards—Members of the NIOSH  Oil and 
Gas Extraction Sector Program identified overexposure of respirable silica 
to workers during hydraulic fracturing. Multiple outputs discussed findings, 
including peer-reviewed and trade journal articles, an OSHA-NIOSH Hazard 
Alert, and dozens of presentations. A new retrofit technology, the mini-bag-
house assembly, is being developed and has undergone successful field test-
ing. The National STEPS Network, a nationwide all-volunteer industry group, 
formed a special focus group with more than 100 members to share ways 
to reduce exposure. Major well-servicing companies have invested millions 
of dollars in redesigning their equipment to reduce respirable silica to levels 
well below the OSHA Permissible Exposure Limit. 

3.  Prevention of fatalities due to hydrocarbon gases and vapors—NORA sec-
tor council members and academic partners identified nine worker deaths 
from 2010 through 2014 that were likely due to exposure to hydrocarbon 
gases and vapors. A web special report and two NIOSH Science Blog ar-
ticles were posted on this topic. In response, the National STEPS Network, 
OSHA, NIOSH, and others issued a hazard alert that was disseminated to 
tens of thousands of oilfield personnel. Regional alerts were also issued. 
Well Servicing Magazine wrote an article on the hazard. No fatalities were 
reported in 2015. 

HEARING DEVICE RULE

NIOSH research with 
collaborators on 
hearing-protection 
devices contributed 
scientific information 
to a proposed rule by 
the U.S. Environmental 
Protection Agency.
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PUBLIC SAFETY

The Public Safety (SPS) Sector was considered a 
sub-area of the NORA Services Sector for the first 
3 years of the second decade. In 2009, NIOSH 
began a program of work in the SPS sector and 
formed a council. The SPS sector comprises es-
tablishments engaged in corrections, emergency 
medical services, fire services, wildland fire, and law 
enforcement. 

The Public Safety Sector Program and council ad-
dresses critical workplace safety and health issues 
for the fire service, law enforcement, corrections, 
emergency medical service, and wildland fire fight-
ing. The extramural partners on the sector council 
includes professional and union associations, aca-
demia, standards-development organizations, and 
state and federal agencies.

These NIOSH intramural organizations are 
represented on the sector council and steering 
committee:

 � Division of Applied Research and Technology

 � Division of Safety Research

 � Division of Surveillance, Hazard Evaluations, 
and Field Studies 

 � Emergency Preparedness and  
Response Office 

 � National Personal Protective  
Technology Laboratory

 � Office of the Director

 � Respiratory Health Division 

 � Western States Division

Preventing Fire Fighter Deaths Through Investigations

About 1.1 million fire fighters risk 
their lives protecting the public in 
the United States. On average, 90 
to 100 fire fighters die in the line of 
duty each year. To prevent future 
deaths, NIOSH independently in-
vestigates select fire fighter deaths 
under its Fire Fighter Fatality Inves-
tigation and Prevention Program 
(FFFIPP).

Based on these investigations, 
NIOSH found that self-contained 

breathing apparatus (SCBA) face-
piece failures from high heat and 
flame exposure contributed to 
fire-fighter fatalities. NIOSH helped 
develop new test methods and 
performance criteria to prevent the 
type of failures that contributed to 
fire-fighter deaths. 

NIOSH participation on the Na-
tional Fire Protection Association 
(NFPA) Technical Committee on 
Respiratory Protection Equipment 

led to a revised standard to help 
protect fire fighters. Specifically, 
the NFPA revised its 1981 Standard 
on Open-Circuit Self-Contained 
Breathing Apparatus for Emergen-
cy Services.

Details: Fire Fighter Fatality Investigation 
and Prevention

Photo by Thinkstock

http://www.cdc.gov/niosh/fire/default.html
http://www.cdc.gov/niosh/fire/default.html
http://www.cdc.gov/niosh/fire
http://www.cdc.gov/niosh/fire


52 NORA Second Decade in Review: NIOSH Sector and Cross-Sector Program Supplement | 2006–2016

Trends in Public Safety Employment, Fatalities, 
Injuries, and Illnesses 
Background rates for employment in the sector, fatalities, and nonfatal injuries 
give context for the decade review of the SPS activities, effectiveness, and 
impact. From 2007 through 2014, employment in the SPS sector remained fairly 
stable (Figure 31). Employment data were collected from the Current Popula-
tion Survey and includes private industry and government (federal, state, and lo-
cal) and the self-employed. Volunteers are not included in employment counts. 

Fatalities declined between 2007 and 2009, from 261 to 174, with fatalities 
increasing slightly by 2010 before declining to a low of 160 in 2014 (Figure 32). 
Nonfatal injuries and illnesses (Figure 32) decreased between 2008 and 2011, 
reaching a low for the decade of nearly 82,000 incidences. The data then in-
creased to more than 100,000 by 2012 and leveled off. Fatality and injury data 
were collected from the Census of Fatal Occupational Injuries (CFOI) and the 
Survey of Occupational Injuries and Illnesses (SOII). The latter does not include 
self-employed, and only private industry data were available before 2008.

Figure 31. Employment trend in public safety (2007 through 2014)

Employment data: Bureau of Labor Statistics, Current Population Survey (CPS).
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Figure 32. Fatality, injury or illness trends in public safety (2007 through 2014)

Fatality data: Bureau of Labor Statistics, Census of Fatal Occupational Injuries (CFOI). Injury or illness data: 
Bureau of Labor Statistics, Survey of Occupational Injuries and Illnesses (SOII).  

NO-NOSE BIKE SEATS USED

NIOSH research that 
found fewer sexual and 
reproductive problems 
among patrol officers 
using no-nose bicycle 
seats compared with 
traditional seats led police 
departments in Seattle, 
WA; San Antonio, TX; 
Miami, FL; and Chicago, IL; 
to offer no-nose saddles 
as standard equipment for 
bicycle patrols.

BIKE OFFICER HEALTH

NIOSH worked with 
several police departments 
on a study that found 
fewer sexual and 
reproductive problems 
among patrol officers 
using no-nose bicycle 
seats compared to 
traditional seats. Based on 
these results, one police 
department ordered 400 
no-nose seats for its  
patrol officers.

http://www.bls.gov/cps/
http://www.bls.gov/iif/
http://www.bls.gov/iif/
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Activities and Output 
Figure 33 shows how many research projects (intramural and extramural) con-
tributed effort to the SPS Sector Program during the decade. Project counts 
reflect the percentage of total effort directly attributable to SPS Sector Program 
research. Example: If one project is attributed as 50% effort in SPS, then it is 
counted as 0.50 of a project.

Figure 33. Number of public safety research projects (FY2007 through FY2015)
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Figure 34 shows the funds invested in intramural and extramural research projects 
from 2007 through 2014. Investment totals reflect the percentage of total effort 
directly attributable to SPS Sector Program research goals. Example: If one project 
with a total budget of $100,000 is attributed as 50% effort in SPS, then the total 
investment is shown as $50,000. Totals in Figure 34 are shown in millions of dollars. 

Figure 34. NIOSH investment in public safety research projects (FY2007 through FY2015)

OXYGEN SYSTEM TESTING

NIOSH investigations 
contributed to the Food 
and Drug Administration’s 
proposed rule (72 FR 
8643) that would require 
testing of portable medical 
oxygen-delivery systems  
to ensure the devices are 
not flammable.

STUDYING EMS CRASHES

A NIOSH pilot project 
led to the National 
Highway Traffic Safety 
Administration improving 
surveillance of emergency 
medical services crashes.
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Information on research associated with the cross-sector programs is available 
for FY2007 through FY2014. The cross-sector programs are described later in 
this supplement. Figure 35 shows the SPS research by cross-sector. A research 
project is counted if at least 50% of project activity is attributed to the SPS Sec-
tor Program and the corresponding cross-sector program. Cross-sector data are 
shown for five projects or more during the decade. 

Figure 35. Number of projects by NIOSH cross-sector program for public safety (FY2007 
through FY2014)
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Table 25 shows the number and type of publications during the decade that 
were attributed to the SPS Sector. Publications were identified in the NIOSHTIC-2 
database of occupational safety and health publications, documents, grant 
reports, and other communication products supported in whole or in part by 
NIOSH funding. Publication counts likely underestimate publications produced 
by the program during NORA’s second decade due to the limitations of the 
data-collection methods available. Not all publications a program develops are 
included in the NIOSHTIC-2 database, and not all publications in the database 
can be associated with a specific program. During the second decade, 499 pub-
lications were attributed to the MIO Sector Program, with the intramural publi-
cation count (470) being significantly greater than extramural (35).

FIRE INVESTIGATIONS

NIOSH fire investigations 
contributed to increased fire 
fighter safety:

 � NIOSH research con-
tributed to National Fire 
Prevention Association 
updated standards in 
several areas of fire-
fighter safety, including 
Structural Fire Fighting 
and Proximity Fire Fight-
ing, Protective Clothing 
and Equipment, and 
Electronic Safety Equip-
ment for Emergency 
Responders.

 � NIOSH studies provided 
the methodology for a 
new American Society 
for Testing and Materials 
standard for preventing 
risk of fire fighters 
suffering burns from 
heat building up in their 
protective clothing.

TRAINING FOR POLICE

NIOSH created training 
materials for law enforcement 
agencies to reduce workplace 
violence and related injuries 
in the retail industry. Police 
agencies in at least five 
cities are already using the 
materials.

https://www2a.cdc.gov/nioshtic-2/default.asp
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Table 25. Publications attributed to public safety by type  
(FY2007 through FY2014)

Publication Category
Total Number 
Publications

Intramural 
Publications

Extramural 
Publications

Journal article 124 100 30

Numbered publication or field study report 314 314 0

Abstract or conference proceeding 40 37 3

Book or book chapter 6 6 0

Newsletter, trade, or lay publication 0 0 0

Other 12 10 2

Totals 499 470 35

Note: The sum of intramural and extramural publications may exceed the total. A publication with intramural 
and extramural authors is counted in both categories. 

Effectiveness
One measure of research effectiveness is the degree to which research activities 
addressed strategic goals of the SPS Program. Information on the sector goals 
addressed by a project is available some NIOSH research projects. Table 26 
shows how many projects addressed each strategic goal during the decade. The 
most-frequently addressed strategic goal (SG) was SG 01 (Chronic and Acute 
Disease Among Fire fighters). SG 04 (Musculoskeletal Disorders in Firefighting), 
SG 11 (Occupational Stressors in Corrections), and SG 12 (Vehicle-Related Injury 
Among EMS) were the least-frequently addressed strategic goals. Intramural 
research projects most-frequently addressed SG 01, followed by SG 14 (EMS 
Exposure Hazards) and SG 02 (Structural Firefighting). Extramural projects most-
frequently addressed SG 02, followed by SG 01.

Table 26. Number of public safety research projects by strategic goal (FY2007 
through FY2014)

Strategic Goal (SG)
Intramural 
Projects

Extramural 
Projects

Total Number  
of Projects 

SG 01: Chronic and acute disease among fire 
fighters

46 5 51

SG 02: Structural firefighting 21 7 28

SG 03: Vehicle-related injury in firefighting 8 2 10

SG 04: Musculoskeletal disorders in 
firefighting

3 0 3

SG 05: Surveillance in law enforcement 16 4 20

SG 06: Vehicle-related injury in law 
enforcement 

6 0 6

SG 07: Criminal assaults in law enforcement 
(Retired after FY2012)

3 1 4

SG 08: CVD in law enforcement 9 2 11

(Continued)

HEAT BUILD-UP STANDARD

NIOSH studies provided 
the methodology for a 
new American Society 
for Testing and Materials 
standard for preventing 
risk of fire fighters suffering 
burns from heat building up 
in their protective clothing.

RESPIRATORY PROTECTION

NIOSH findings contributed 
to the Occupational Safety 
and Health Administration 
reforming its respiratory 
protection standard.
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Strategic Goal (SG)
Intramural 
Projects

Extramural 
Projects

Total Number  
of Projects 

SG 09: Injury in corrections 3 1 4

SG10: Infectious diseases in corrections 8 1 9

SG 11: Occupational stressors in corrections 2 1 3

SG12: Vehicle-related injury among EMS 3 0 3

SG 13: Patient transfer injuries in EMS 2 2 4

SG 14: EMS exposure hazards 27 3 30

SG15: EMS work policies 4 2 6

SG16: EMS health and safety surveillance 5 1 6

SG 17: Illness and injuries in wildland 
firefighting (Retired after FY2014)

2 2 4

Data shows how many research projects contributed 50% or more effort to the sector goal. Projects can 
address multiple goals.

Outcomes and Impact
Citation of NIOSH-funded journal articles is one measure of research impact. 
This indicates that scientists outside of NIOSH have used the institute’s research 
outputs. Table 27 shows journal articles associated with the SPS sector and 
their citation counts available in the Scopus citation database as of September 
2016. Data are shown for publications resulting from intramural and extramural 
research. Journal article counts included in this table are lower than the total 
number noted in the publication table for this program. Not all publications 
are included in the Scopus citation database. Journal articles attributed to both 
intramural and extramural projects are counted in both.

Table 27. Number of citations for public safety (FY2007 through FY2014)

Type of Citation Total

Total number of journal articles 106

Total number of citations 991

Intramural journal articles 82

Intramural citations 720

Extramural journal articles 29

Extramural citations 316

Note: Journal article counts included in this table are lower than the total number noted in the outputs table, 
because not all publications are included in the Scopus citation database. Journal articles attributed to both 
intramural and extramural projects are counted in both.

Table 26 (Continued). Number of public safety research projects by strategic 
goal (FY2007 through FY2014)

AMBULANCE DESIGN

NIOSH research 
contributed to new 
standards and improved 
ambulance design to 
protect emergency  
medical workers. 

DETECTING METH RESIDUE

NIOSH worked with the 
state health departments 
in Cincinnati and Colorado, 
as well as SKC, Inc.; 
the National Jewish 
Medical and Research 
Center; and Colorado law 
enforcement agencies, 
to develop a method to 
detect methamphetamine 
residues and toxins 
contaminating surfaces 
often found in the 
labs during and after 
cleanup. A company 
successfully licensed 
and commercialized the 
product for release to 
first responders and other 
agencies.
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Another important measure of research outcomes is how many outputs others 
have obtained. Table 28 shows how many NIOSH-numbered publications asso-
ciated with the SPS sector have been requested in printed form or downloaded 
electronically during NORA’s second decade.

Table 28. Electronic and printed distribution of NIOSH-numbered public safety 
publications (FY2007 through FY2014)

Sector
Number of 
Publications

Electronic 
Downloads

Printed 
Distribution

Public Safety 65 180,434 367,301

Additional sector outcomes during the decade are described below.

Study of Cancer among U.S. Fire Fighters—In 2010, NIOSH researchers 
launched a multi-year study to examine whether fire fighters have a higher risk 
of cancer and other causes of death due to job exposures. The project has 
yielded newsletters, journal articles, presentations, and educational materials 
and is impacting changes in fire department policies, practices, and procedures. 

Partnering with Industry to Build Safe EMS Work Environments—Objectives 
include reducing fatalities and severity of injuries for workers and patients in a 
moving ambulance. Outcomes include incorporating new crash-test methods 
into national bumper-to-bumper ambulance standards and manufacturing of 
crashworthy designs and components into vehicles. 

SHIELD (Safety and Health Improvement Enhancing Law Enforcement De-
partments)—Objectives include reducing health and safety risks to law en-
forcement officers through healthy lifestyle behaviors, including improved diet, 
fitness, sleep, weight, stress management, resiliency, and reduced impacts from 
tobacco and alcohol use. 

Fire Fighter Fatality Investigation and Prevention Program (FFFIPP)—Six fa-
tality case investigations found that self-contained breathing apparatus (SCBA) 
facepiece lenses had melted, allowing direct respiratory system exposure to 
heat and toxic gases. NFPA was notified of these findings and conclusions. This 
resulted in research and testing that led to developing new test methods and 
performance criteria for lens radiant heat resistance performance and elevated 
temperature and flame resistance performance, incorporated into the NFPA 
1981 SCBA Standard. 

CBRN Respirator Certification—NIOSH increased the inventory of respira-
tors to enhance Public Safety Worker protection by certifying 130 chemical, 
biological, radiological and nuclear defense (CBRN) self-contained breathing 
apparatus (SCBA–13F), 14 CBRN air-purifying respirators (APR – 14G), 7 CBRN 
air-purifying escape respirators (APER–14G), 15 CBRN tight-fitting full facepiece 
powered air-purifying respirators (PAPR-14G) and 2 CBRN loose-fitting Powered 
air-purifying respirators (PAPR- 23C), for a total of 168 CBRN respirator certifica-
tions from 2005 through 2015. 

PRODUCT STANDARDS

NIOSH research and 
expertise contributed 
to the National Fire 
Protection Association and 
other groups adopting 
improved standards for 
safer products, including 
firefighter self-contained 
breathing apparatus, 
ambulances, and truck cabs.

WORKER ROAD SAFETY

NIOSH helped sponsor 
the first International 
Conference on Workers on 
Roads, held in Washington, 
DC, in 2009, leading to 
new United Nations clauses 
about road safety for 
workers.
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Reducing Worker Disease and Death From Spray-on Truck Bed Liner Applications

At more than 2,000 truck manufac-
turers in the United States, more 
than 10,000 workers spray poly-
urethane coatings onto truck beds 
to create a resistant liner, facing 
potential exposure to the chemical 
MDI (methylene bisphenyl isocya-
nate). If inhaled in large-enough 
quantities, MDI can cause asthma 
and other respiratory diseases—
and even death when overexpo-
sure is extreme. 

To better measure the amount 
of MDI and similar chemicals in 
workplace air, NIOSH developed 

sampling methods. NIOSH also 
studied ways to develop and evalu-
ate engineering control strategies 
to protect workers from potential 
hazardous exposures associated 
with spray on truck bed liners. To in-
form employers and workers about 
the dangers of spray-on truck bed 
liner operations and how to prevent 
over-exposures, NIOSH published 
these research results and recom-
mendations on personal protective 
equipment in a NIOSH Alert.

The NIOSH sampling methods 
were adopted by international 

standards organizations, so risks 
of over-exposure to MDI can be 
detected and corrective actions 
taken. The NIOSH Alert helped 
inform an influential industry orga-
nization of the dangers, and it pro-
vided proven solutions for spray-on 
truck bed-liner operations, and it is 
an important information source on 
the organization’s extensive safety-
related website. 

Details: Isocyanates and Spray 
Truck Bed Liner: Health

SERVICES

The Services (SVC) Sector is highly diverse in job 
categories, and it includes industries such as gov-
ernment services, automotive repair, hotels and 
restaurants, education, recreation, and waste col-
lection. U.S. workers in the SVC sector are exposed 
to substances such as asbestos; cleaning solvents; 
carbon monoxide; diesel exhaust; tobacco smoke; 
and physical stressors, such as temperature ex-
tremes, overexertion, assaults, and other forms of 
violence. Other safety hazards within the sector 
include electrocution; motor vehicle crashes; and 
slips, trips, and falls. 

The Service Sector Council includes 16 extramural 
members; four represent unions, four represent 

companies, two represent non-profit organizations, 
four represent government, and two are profes-
sors. Industries represented are nail salons, waste 
collection, recreation, hotels, restaurants, schools, 
auto-body shops, and communication workers. 
Intramural members include those with various 
backgrounds from most NIOSH divisions. 

Trends in Services Employment,  
Fatalities, Injuries, and Illnesses 
To provide context for the review of the SVC activi-
ties, effectiveness, and impact during the decade, 
background rates for employment in the sector, 

Photo by Thinkstock

http://www.cdc.gov/niosh/topics/isocyanates/
http://polyurethane.americanchemistry.com/Spray-Truck-Bed-Liner/Health.html
http://polyurethane.americanchemistry.com/Spray-Truck-Bed-Liner/Health.html
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fatalities, and nonfatal injuries are provided. From 2007 through 2014, employ-
ment in the SVC sector remained fairly stable (Figure 36). Employment data 
were collected from the Current Population Survey and includes private industry 
and government (federal, state, and local) and the self-employed. Volunteers 
are not included in employment counts. 

Fatalities declined between 2007 and 2008, with them leveling off after 2008 
(Figure 37). Nonfatal injuries and illnesses (Figure 37) decreased between 2008 
and 2010 before rising slightly and then decreasing to a low for the decade in 
2014 of a little more than 1.2 million incidences (Figure 37). Fatality and injury 
data were collected from the Census of Fatal Occupational Injuries (CFOI) and 
the Survey of Occupational Injuries and Illnesses (SOII). The latter does not in-
clude self-employed, and only private industry data were available before 2008.

Figure 36. Employment trend in services (2007 through 2014)

Employment data: Bureau of Labor Statistics, Current Population Survey (CPS).

Figure 37. Fatality, injury or illness trends in services (2007 through 2014)

Fatality data: Bureau of Labor Statistics, Census of Fatal Occupational Injuries (CFOI). Injury or illness data: 
Bureau of Labor Statistics, Survey of Occupational Injuries and Illnesses (SOII). 
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IMPROVING SAFETY E-TOOL

A NIOSH study of a 
restaurant-safety e-tool led 
the Occupational Safety 
and Health Administration 
to revise it to improve 
its relevance to young 
Hispanic and African-
American restaurant 
workers.

WET CLEANING PROCESS

NIOSH efforts led, in 
part, to three dry-cleaning 
companies adopting a 
“wet cleaning” process to 
reduce worker exposures 
to chemicals in dry 
cleaning.

http://www.bls.gov/cps/
http://www.bls.gov/iif/
http://www.bls.gov/iif/
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Activities and Output
Figure 38 shows how many research projects (intramural and extramural) con-
tributed effort to the SVC Sector Program during the decade. Project counts 
reflect the percentage of total effort directly attributable to SVC Sector Pro-
gram research. Example: If one project is attributed as 50% effort in SVC, then it 
is counted as 0.50 of a project.

Figure 38. Number of services research projects (FY2007 through FY2015)
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Figure 39 shows the funds invested in intramural and extramural research proj-
ects from 2007 through 2014. Investment totals reflect the percentage of total 
effort directly attributable to SVC Sector Program research goals. Example: If 
one project with a total budget of $100,000 is attributed as 50% effort in SVC, 
then the total investment is shown as $50,000. Totals in Figure 39 are shown in 
millions of dollars. 

Figure 39. NIOSH investment in services research projects (FY2007 through FY2015)

SAFETY CHECKLIST

The NIOSH safety checklist 
program improved 
protections for school 
workers after adoption 
by the Massachusetts 
Department of Education, 
the state of Michigan, 
and the World Health 
Organization.

INJURY CLASSIFICATION

Academic, state, federal 
and other groups use 
the NIOSH online 
Occupational Injury and 
Illness Classification System 
to interpret occupational 
injury statistics and assign 
codes in occupational injury 
surveillance systems.
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Information on research associated with the cross-sector programs is available 
for FY2007 through FY2014. The cross-sector programs are described later 
in this supplement. Figure 40 shows SVC research by cross-sector. A research 
project is counted if at least 50% of project activity is attributed to the SVC Sec-
tor Program and the corresponding cross-sector program. Cross-sector data are 
shown for five projects or more during the decade. 

Figure 40. Number of projects by NIOSH cross-sector program for services 
 (FY2007 through FY2014)

Table 29 shows the number and type of publications during the decade that 
were attributed to the SVC sector. Publications were identified in the NIOSHTIC-2 
database of occupational safety and health publications, documents, grant 
reports, and other communication products supported in whole or in part by 
NIOSH funding. Publication counts likely underestimate publications produced 
by the program during NORA’s second decade due to the limitations of the 
data-collection methods available. Not all publications a program develops are 
included in the NIOSHTIC-2 database, and not all publications in the database 
can be associated with a specific program. During the second decade, 261 pub-
lications were attributed to the SVC Sector Program, with the intramural publi-
cation count (211) being significantly greater than extramural (52).
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SCHOOL LAB SAFETY

The “NIOSH School 
Chemistry Laboratory 
Safety Guide” protects 
more chemistry teachers 
and students after adoption 
by the Occupational Safety 
and Health Administration, 
the American Industrial 
Hygiene Association, the 
National Science Teachers 
Association, and high 
school programs. 

IMPROVED REGULATIONS

NIOSH science contributed 
to new federal, state, and 
municipal regulations to 
protect workers, including 
federal child labor law 
revisions, state workplace 
violence prevention 
laws, city ordinances for 
taxicab cameras, and the 
Occupational Safety and 
Health Administration’s 
new recordkeeping rule, 
Youthbuild.

https://www2a.cdc.gov/nioshtic-2/default.asp


63NORA Second Decade in Review: NIOSH Sector and Cross-Sector Program Supplement | 2006–2016

Table 29. Publications attributed to services by type (FY2007 through FY2014)

Publication Category
Total Number 
Publications

Intramural 
Publications

Extramural 
Publications

Journal article 167 123 45

NIOSH-numbered publication or field 
   study report

25 25 0

Abstract and conference proceeding 52 48 4

Book or book chapter 6 5 1

Newsletter, trade, or lay publication 5 5 0

Other 6 5 2

Totals 261 211 52

Note: The sum of intramural and extramural publications may exceed the total. A publication with intramural 
and extramural authors is counted in both categories. 

Effectiveness
One measure of research effectiveness is the degree to which research activities 
addressed strategic goals of the SVC Program. Information on the sector goals 
addressed by a project is available for some NIOSH research projects. Table 30 
shows how many projects addressed each strategic goal during the decade. The 
most-frequently addressed strategic goal (SG) was SG 08 (Government). SG 18 
(Hair and nail salons), which was recently developed during FY2014, was one 
of the least-frequently addressed strategic goals. Intramural research projects 
most-frequently addressed SG 08, followed closely by SG 02 (Building Services). 
Extramural projects most-frequently addressed SG 16 (Musculoskeletal Disor-
ders in all subsectors). 

Table 30. Number of services research projects by strategic goal  
(FY2007 through FY2014)

Strategic Goal (SG)
Intramural 
Projects

Extramural 
Projects

Total Number  
of Projects

SG 01: Automotive repair 5 2 7

SG 02: Building services 21 1 22

SG 03: Health disparities in  
building services

5 0 5

SG 04: Education 19 0 19

SG 05: Hotel and motel worker injury 5 1 6

SG 06: Hotel and motel worker 14 0 14

SG 07: Health disparities in  
hotel and motel

2 0 2

SG 08: Government 22 1 23

(Continued)

ACCELERATOR SAFETY

A NIOSH-funded, state-
based Fatality Assessment 
and Control Evaluation 
improved safety for 
mechanics who work 
on vehicles with left-
accelerator pedals. For 
example, a manufacturer 
changed its design to 
prevent auto mechanics 
from accidentally 
depressing the left 
accelerator instead of the 
brake, and a car dealership 
instituted administrative 
controls to protect 
personnel servicing a car 
with a left-accelerator pedal.
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Strategic Goal (SG)
Intramural 
Projects

Extramural 
Projects

Total Number  
of Projects

SG 09: Traumatic injury in recreation and 
entertainment 

1 0 1

SG 10: Food services injuries 7 1 8

SG 11: Violence in food service 1 0 1

SG 12: Telecommunications 8 0 8

SG 13: Traumatic injuries telecommunications 1 0 1

SG 14: Temporary and contingent workers 5 0 5

SG 15: Waste collection 3 3 6

SG 16: Musculoskeletal disorders in  
all subsectors

7 6 13

SG 17: Surveillance 12 0 12

SG 18: Hair and nail salons (new goal in 2014) 1 0 1

Note: Data show how many research projects contributed 50% or more effort to the sector goal. Projects can 
address multiple goals.

Outcomes and Impact
Citation of NIOSH-funded journal articles is one measure of research impact. 
This indicates that scientists outside of NIOSH have used the institute’s research 
outputs. Table 31 shows journal articles associated with the SVC sector and their 
citation numbers available in the Scopus citation database as of September 
2016. Data are shown for publications resulting from intramural and extramural 
research. Journal article numbers are lower than the total number noted in the 
publication table for this program. Not all publications are included in the Sco-
pus citation database. Journal articles attributed to both intramural and extra-
mural projects are counted in both.

Table 31. Number of citations for services (FY2007 through FY2014)

Type of Citation Total 

Total number of journal articles 152

Total number of citations 2,163

Intramural journal articles 110

Intramural citations 1,778

Extramural journal articles 43

Extramural citations 395

Note: Journal article counts included in this table are lower than the total number noted in the outputs table, 
because not all publications are included in the Scopus citation database. Journal articles attributed to both 
intramural and extramural projects are counted in both.

Table 30 (Continued). Number of services research projects by strategic goal  
(FY2007 through FY2014)

RADIATION RISKS

NIOSH research on 
radiation safety led to 
the U.S. Customs and 
Border Protection Agency 
adopting Institute-
developed training 
materials, and to the 
Transportation Security 
Administration accepting 
NIOSH risk information.

CHEMICAL EXPOSURE

NIOSH released a health 
hazard alert with the 
Occupational Safety and 
Health Administration to 
bring national attention 
to an issue, based on a 
Michigan report, of worker 
deaths from overexposure 
to the chemical methylene 
chloride while stripping 
bathtubs.
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Another important measure of research outcomes is how many outputs others 
have obtained. Table 32 shows how many NIOSH-numbered publications asso-
ciated with the SVC sector have been requested in printed form or downloaded 
electronically during NORA’s second decade.

Table 32. Electronic and printed distribution of NIOSH-numbered 
 services publications

Sector
Number of 
Publications

Electronic 
Downloads

Printed 
Distribution

Services 25 26,765 64,241

Additional sector program outcomes during the decade are described below.

 � Initiated NIOSH research focus on using workers compensation data as a 
means for setting priorities and prevention. The two workshops that the 
sector council organized in 2009 and 2012 led to creating the NIOSH Cen-
ter for Workers’ Compensation Studies. The center has produced several 
publications that demonstrate the effectiveness of interventions in reducing 
the incidence, severity, and cost of injuries. 

 � A service sector project influenced child labor laws [Child labor regulations, 
2010] to prevent children from operating balers. 

 � An autobody repair project influenced the ISO standard for isocyanate meth-
ods and a spray-on bed-liners alert influenced the American Chemistry Coun-
cil to create in 2007 a safety-related website for the polyurethane industry. 

 � Several SVC sector projects have combined to influence public health poli-
cy regarding excluding asthmagens in cleaning chemicals. Work by NIOSH, 
the Association of Occupational and Environmental Clinics (AOEC), and 
state partners influenced Green Seal, a third-party certification organiza-
tion, in 2008 to revise its environmental standard, GS-37 [Green Seal 2015]. 
The standard requires that to receive certification, cleaning products must 
exclude agents designated as sensitizers. In 2011, ECOLOGO®, another 
third-party certification organization, revised its standard to exclude these 
agents [ECOLOGO® 2011]. A women’s and children’s homeless shelter in 
California switched to asthma-safer chemicals.

 � The Services Sector Council influenced a large hotel chain to allow house-
keepers to use fitted sheets and mops with handles to improve worker’s 
postures. 

 � NIOSH published a 2012 review of occupational injuries and fatalities 
among workers in the services sector industries, which highlighted subsec-
tors with the highest fatality and injury rates

 � The Bureau of Labor Statistics began in 2008 to include state and local gov-
ernments in the annual Survey of Occupational Injuries and Illnesses. This 
was due, in part, to a suggestion by the sector council. 

 � NIOSH co-organized platform sessions on occupational safety and health 
for the solid-waste industry at international meetings hosted by the 

LOCK OUT/TAG OUT

NIOSH studies of 
emergency-room injuries 
found that protective 
lock out/tag out devices 
improve safety, leading to 
the U.S. Department of 
Labor’s proposed revisions 
to child labor regulations.

FLOOR-FINISHING SAFETY

NIOSH-funded 
research contributed to 
Massachusetts adopting 
a law to reduce the risk of 
serious or fatal burns for 
floor-finishing workers from 
flammable chemicals.

https://polyurethane.americanchemistry.com/Spray-Truck-Bed-Liner/Truck-Bed-Liner-Video.html


66 NORA Second Decade in Review: NIOSH Sector and Cross-Sector Program Supplement | 2006–2016

National Solid Waste Management Association and in 2012 by the Solid 
Waste Association of North America (SWANA). 

 � Trade journal articles were published on hazards and recommendations for 
waste collection workers. Additionally, the “drive safely” campaign to get 
homeowners to drive carefully around waste-collection workers was dis-
seminated through mailed monthly bill statements. 

 � Thirteen safety and health articles were written and published for lawn and 
tree care trade journals in 2008, 2009, and 2010. Publications included 
Turf; Landscape Superintendent; Planet Advantage (2); Tree Care Industry 
Magazine (3); Pro, Lawn, and Landscape (3); Growing, Landscape Contrac-
tor, and Turf en Español (3). For grounds maintenance workers, the council 
published an article in MMWR about fatal injuries. 

 � The Services Sector Council, along with the Manufacturing Sector Council, 
hosted a joint meeting to discuss issues of temporary workers. The results 
of this meeting were disseminated as a NIOSH Science Blog article. The 
2014 OSHA-NIOSH joint publication, “Recommended Practices for Protect-
ing Temporary workers,” [NIOSH 2014] was a starting point on this issue. 

 � Slips, trips, and falls of restaurant workers were assessed, and recommen-
dations made to reduce those injuries through using slip-resistant shoes, 
among other solutions.

ISOCYANATE SAFETY

NIOSH research on the 
hazardous chemical 
isocyanate improved 
safety for auto workers 
by informing new ISO 
methods and standards.

CATERER SAFETY REPORTING

A NIOSH analysis of data 
from the Bureau of Labor 
Statistics contributed to 
the Occupational Safety 
and Health Administration 
removing a previous 
exemption allowed injuries 
and illnesses among school 
caterers to go unreported.
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TRANSPORTATION, WAREHOUSING, 
AND UTILITIES (TWU)

Security Cameras Reduce Taxi Driver Homicides

Taxicab drivers face one of the 
highest homicide rates of any oc-
cupation. To reduce the risk, some 
cities require either a security cam-
era in the cab, a partition between 
the driver and passengers, or both. 
In the first study to collect compre-
hensive data from a sample of the 
largest cities, NIOSH found a three-
times lower homicide rate in the 
cities where taxicabs use security 
cameras than the control cities, and 
a seven-times lower homicide rate 

compared with pre-camera instal-
lation rates. The study found no 
effect for partitions, and a second 
NIOSH study using official crime 
reports had similar results. 

The NIOSH studies are on an exter-
nal partner’s website that provides 
resources for taxi driver safety and 
other issues. The studies also in-
formed a 2014 letter from the Phila-
delphia Fraternal Order of Police to 
the city’s taxicab regulatory agency 

urging approval of an ordinance 
requiring cameras in cabs. Philadel-
phia adopted the improved safety 
equipment, and New Orleans and 
Montreal also made changes in 
light of the NIOSH results.

Details: Reducing Taxicab Homicides, 
and Homicide Prevention: How Many 

Drivers are Killed Each Year? 

The Transportation, Warehousing, and Utilities 
(TWU) Sector comprises establishments that 
transport passengers and cargo, whether by air, 
water, rail, ground, or pipeline; warehouse or store 
goods; and service, treat, or distribute electric 
power, natural gas, steam, water, or sewage. Trau-
matic injuries, musculoskeletal disorders, health 
and wellness, and hazardous exposures are the 
primary safety and health concerns for workers in 
this sector. 

The vast scope of this sector is matched by the 
diversity and expertise of the sector council mem-
bers and the council’s partners. Program partici-
pants represent interests from academia; state, 

federal, and local governments; labor unions; 
nonprofits; trade associations, as well as NIOSH 
researchers. 

The TWU Sector Program has a broad scope, 
with common themes related to injuries, fatali-
ties, health and wellness, and exposures. Much of 
the research has focused on trucking, the largest 
constituent of the sector. Some results from the 
trucking-research efforts can be translated to other 
sub-sectors; however, the focus on trucking can 
leave other sub-sector partners feeling neglected. 
This issue has been addressed by hosting sub-
sector-specific meetings. The sector leadership has 
changed several times during the second decade 

Photo by Thinkstock

http://blogs.cdc.gov/niosh-science-blog/2013/07/08/taxicab-homicides/
http://www.taxi-library.org/safety.htm
http://www.taxi-library.org/safety.htm
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of NORA, resulting in changes in the overall management of the sector over 
time. Addressing the priority issues within the sector has been a constant. 

A national agenda was developed with four strategic goals: (1) reduce trau-
matic injury fatalities and injury rates, (2) reduce musculoskeletal disorders, (3) 
improve health and reduce premature mortality of workers, and (4) characterize 
and reduce hazardous exposures. 

Trends in TWU Employment, Fatalities, Injuries, and Illnesses 
To provide context for the review of the TWU activities, effectiveness, and im-
pact during the decade, background rates for employment in the sector, as well 
as for fatalities and nonfatal injuries, are provided. From 2007 through 2014, 
employment in the TWU sector remained fairly stable (Figure 41). Employment 
data were collected from the Current Population Survey and includes private 
industry and government (federal, state, and local) and the self-employed. Vol-
unteers are not included in employment counts. 

Fatalities significantly decline between 2007 and 2009 (Figure 42). However, 
fatalities increased substantially between 2009 and 2011 before leveling off. 
Nonfatal injuries and illnesses (Figure 42) gradually decreased between 2008 
and 2013 to a low of around 234,000 before rising slightly in 2014. Fatality 
and injury data were collected from the Census of Fatal Occupational Injuries 
(CFOI) and the Survey of Occupational Injuries and Illnesses (SOII). The latter 
does not include, self-employed and only private industry data were available 
before 2008. 

Figure 41. Employment trend in transportation, warehousing, and utilities  
(2007 through 2014)
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Employment data: Bureau of Labor Statistics, Current Population Survey (CPS).

TRUCK DRIVER FATIGUE

NIOSH work to protect 
truck drivers led to some 
trucking companies 
adopting the Institute’s 
fatigue-training webpage 
for driver education.

http://www.bls.gov/cps/
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Figure 42. Fatality, injury or illness trends in transportation, warehousing, and utilities 
(2007 through 2014)
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Fatality data: Bureau of Labor Statistics, Census of Fatal Occupational Injuries (CFOI). Injury or illness data: 
Bureau of Labor Statistics, Survey of Occupational Injuries and Illnesses (SOII). 

Activities and Output
Figure 43 shows how many research projects (intramural and extramural) con-
tributed effort to the TWU Sector Program during the decade. Project counts 
reflect the percentage of total effort directly attributable to TWU Sector Pro-
gram research. Example: If one project is attributed as 50% effort in TWU, then 
it is counted as 0.50 of a project.

Figure 43. Number of transportation, warehousing, and utilities research projects 
(FY2007 through FY2015)

ALASKA AIRPLANE SAFETY

NIOSH research on 
commuter and taxi 
airplane accidents in 
Alaska led the National 
Oceanic and Atmospheric 
Administration to 
place weather cameras 
throughout the state.

http://www.bls.gov/iif/
http://www.bls.gov/iif/
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Figure 44 shows the funds invested in intramural and extramural research proj-
ects from 2007 through 2015. Investment totals reflect the percentage of total 
effort directly attributable to TWU Sector Program research goals. Example: If 
one project with a total budget of $100,000 is attributed as 50% effort in TWU, 
then the total investment is shown as $50,000. Totals in Figure 44 are shown in 
millions of dollars. 

Figure 44. NIOSH investment in transportation, warehousing, and utilities research proj-
ects (FY2007 through FY2015)
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Information on research associated with the cross-sector programs is available 
for FY2007 through FY2014. The cross-sector programs are described later in 
this supplement. Figure 45 shows the TWU research by cross-sector. A research 
project is counted if at least 50% of project activity is attributed to the TWU 
Sector Program and the corresponding cross-sector program. Cross-sector data 
are shown for five projects or more during the decade. 

Figure 45. Number of projects by NIOSH cross-sector program for transportation, ware-
housing, and utilities (FY2007 through FY2014)

PtD ADDED TO STANDARDS

Concepts from the NIOSH 
Prevention through 
Design (PtD) initiative 
have been added to 
more than 25 consensus 
standards. Among the 
groups developing these 
consensus standards are 
the American National 
Standards Institute (ANSI), 
American Society of 
Heating, Refrigerating and 
Air-Conditioning Engineers 
(ASHRAE), American 
Society of Safety Engineers 
(ASSE), American Industrial 
Hygiene Association 
(AIHA), Underwriters 
Laboratory (UL), 
Semiconductor Equipment 
and Materials International 
(SEMI), and the 
International Organization 
for Standardization (ISO).
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Table 33 shows the number and type of publications during the decade 
that were attributed to the TWU sector. Publications were identified in the 
NIOSHTIC-2 database of occupational safety and health publications, docu-
ments, grant reports, and other communication products supported in whole or 
in part by NIOSH funding. Publication counts likely underestimate publications 
produced by the program during NORA’s second decade due to the limitations 
of the data-collection methods available. Not all publications a program devel-
ops are included in the NIOSHTIC-2 database, and not all publications in the 
database can be associated with a specific program. During the second decade, 
158 publications were attributed to the TWU Sector Program, with the intramu-
ral publication count (141) being significantly greater than extramural (17).

Table 33. Publications attributed to transportation, warehousing, and utilities 
by type (FY2007 through FY2014)

Publication Category
Total Number 
Publications

Intramural 
Publications

Extramural 
Publications

Journal article 90 78 12

NIOSH-numbered publication or field 
study report

25 25 0

Abstract or conference proceeding 33 29 4

Book or book chapter 3 3 0

Newsletter, trade, or lay publication 1 1 0

Other 6 5 1

Totals 158 141 17

Note: The sum of intramural and extramural publications may exceed the total. A publication with intramural 
and extramural authors is counted in both categories. 

Sector activities in collaboration with partners have included:

 � Truck Manufacturers—Anthropometric data collected by NIOSH are being 
used to redesign truck cabs to better fit today’s drivers and increase their 
safety. See “Improved Safety for Truck Drivers: Designing Safer Cabs Based 
on Driver Body Dimensions.” 

 � Federal Aviation Administration—Revisions of radio frequencies used 
by pilots in Alaska recommended by a working group were influenced by 
NIOSH analyses. Revisions were intended to reduce midair collisions and 
overlap in frequency usage between airports. See NIOSH and the Mid-Air 
Collision Avoidance Working Group Prevent Aircraft Collisions in Alaska. 

 � Taxi Cab Regulators and Operators—Use of security cameras has in-
creased in response to NIOSH research demonstrating their association 
with reduced taxicab homicides.

 � Federal Motor Carriers Safety Administration and Federal Railroad 
Administration—Hours-of-service rules have been influenced by NIOSH-
supported research. 

 � Trucking Companies—Increased awareness of the multiple risk factors 
among truck drivers from NIOSH research has prompted trucking company 
actions on driver health and wellness programs. 

ELECTRONIC CIGARETTES

NIOSH responded to 
a request from the 
Occupational Safety and 
Health Administration 
(OSHA) to clarify how 
the skin absorbs nicotine 
from electronic cigarettes, 
contributing scientific 
information to OSHA 
developing a compliance 
action with an electronic-
cigarette manufacturer.

https://www2a.cdc.gov/nioshtic-2/default.asp
http://www.cdc.gov/niosh/docs/2011-188/
http://www.cdc.gov/niosh/docs/2011-188/
http://www.cdc.gov/niosh/docs/2015-120/default.html
http://www.cdc.gov/niosh/docs/2015-120/default.html
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Effectiveness
One measure of research effectiveness is the degree to which research activities 
addressed strategic goals of the TWU Program. Information on the sector goals 
addressed by a project is available for some NIOSH research projects. Table 34 
shows how many projects addressed each strategic goal during the decade. The 
most-frequently addressed strategic goal (SG) was SG 01 (Reduce Traumatic 
Injuries). SG 02 (Reduce Musculoskeletal Disorders) was the least-frequently ad-
dressed strategic goal. Intramural research projects most-frequently addressed SG 
01. Extramural projects most-frequently addressed SG 04 (Hazardous Exposures). 

Table 34. Number of transportation, warehousing, and utilities research 
projects by strategic goal (FY2007 through FY2014)

Strategic Goal
Intramural 
Projects

Extramural 
Projects

Total Number 
of Projects 

SG 01: Reduce Traumatic Injuries 26 6 32

SG 02: Reduce Musculoskeletal Disorders 10 0 12

SG 03: Health and Wellness 12 3 15

SG 04: Hazardous Exposures 17 7 24

Data shows how many research projects contributed 50% or more effort to the sector goal. Projects can 
address multiple goals.

Outcomes and Impact
Citation of NIOSH-funded journal articles is one measure of research impact. 
This indicates that scientists outside of NIOSH have used the institute’s research 
outputs. Table 35 shows journal articles associated with the TWU sector and 
their citation numbers available in the Scopus citation database as of Septem-
ber 2016. Data are shown for publications resulting from intramural and extra-
mural research. Journal article counts are lower than the total number noted 
in the publication table for this program. Not all publications are included in 
the Scopus citation database. Journal articles attributed to both intramural and 
extramural projects are counted in both.

Table 35. Number of citations for transportation, warehousing, and utilities 
(FY2007 through FY2014)

Types of Citations Total

Total number of journal articles 76

Total number of citations 1,057

Intramural journal articles 64

Intramural citations 903

Extramural journal articles 12

Extramural citations 154

Note: Journal article counts included in this table are lower than the total number noted in the outputs table, 
because not all publications are included in the Scopus citation database. Journal articles attributed to both 
intramural and extramural projects are counted in both.

TAXI CAMERAS WORK

NIOSH research found 
that in-cab cameras help 
protect taxi cab drivers 
from assault and robbery. 
The research contributed 
to improved regulations 
within some municipalities.
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Another important measure of research outcomes is how many outputs oth-
ers have obtained. Table 36 shows how many NIOSH-numbered publications 
associated with the TWU sector have been requested in printed form or down-
loaded electronically during NORA’s second decade.

Table 36. Electronic and printed distribution of NIOSH-numbered 
transportation, warehousing, and utilities publications

Sector
Number of 
Publications

Electronic 
Downloads

Printed 
Distribution

Transportation, Warehousing, 
and Utilities

17 17,996 3,471

CHEMICALS HARM HEARING

NIOSH research on 
chemicals that can damage 
hearing contributed 
to actions by several 
organizations, including 
the American Conference 
of Governmental Industrial 
Hygienists, the American 
College of Occupational 
and Environmental 
Medicine, and the U.S. 
Army Center for Health 
Promotion and Preventive 
Medicine.
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WHOLESALE AND RETAIL TRADE

The Wholesale and Retail Trade (WRT) Sector com-
prises establishments involved with retail or whole-
sale sales of merchandise, generally without trans-
formation, and rendering services incidental to the 
sale of merchandise. Workers in this sector, includ-
ing many young employees, face risks that include 
workplace violence, overexertion, motor vehicle, 
and acute injuries associated with falls, machinery, 
shift work, and psycho-social stressors. 

The WRT intramural steering council included 
representatives from six of the NIOSH research 
divisions. Each steering committee member had 
knowledge related to one or more of the six WRT 
strategic goals. Reaching extramural partners was 
more challenging, because at the beginning of the 
decade many businesses in this sector appeared 
to show little awareness or attention to workplace 
safety and health. To generate interest, the WRT 

Retail Stores Reach for Safety

Overexertion injuries are common 
in the retail trade. According to 
the U.S. Bureau of Labor Statis-
tics, 11,240 serious overexertion 
injuries occurred at grocery stores 
throughout the United States in 
2014, and 42,720 occurred in retail 
trade establishments. Because each 
injury results in at least a day of lost 
work, it can be costly for the busi-
ness owners and the worker. Typi-
cally, these types of strain injuries 
are associated with heavy lifting, 
repeatedly bending at the waist, 
bending at the waist while twisting 
the body, working while bent over 
at the waist, pushing and pulling or 
carrying heavy objects, and reach-
ing. Many self-leveling carts and 
other devices can help workers 

with these tasks while minimiz-
ing the strain, but their design is 
better-suited to manufacturing or 
warehousing workplaces than the 
customer-filled aisles of a store. 

NIOSH took a business-to-business 
approach in a series of three 
workshops to introduce retailers to 
manufacturers of devices willing to 
consider design changes to meet 
the needs of employees in gro-
cery stores. The widely publicized 
NIOSH publication, “Ergonomic 
Solutions for Retailers” [NIOSH 
2015a], gives examples of devices 
incorporating these design changes.

To address their increased risk for 
work-related injury, the WRT Pro-
gram developed a new webpage 

for young retail workers. This web-
page includes safety tips for recog-
nizing hazards and understanding 
the injuries they can cause, such as 
being struck by or stuck in an ob-
ject or equipment; doing too much 
(overexertion); slips, trips, and falls; 
driving or riding incidents on the 
road; and workplace violence. 

The workshops and the NIOSH 
ergonomic publication led to a 
dozen of the industry-leading retail 
chains contracting with different 
device providers to use, modify, or 
develop equipment.

For details, visit Wholesale and Re-
tail Trade and Ergonomic Solutions 
for Retailers. 

Photo by Thinkstock

http://www.cdc.gov/niosh/topics/retail/default.html?s_cid=3ni7d2twSCIBLOGyrwtopic20156062016
http://www.cdc.gov/niosh/programs/wrt/pubs.html/
http://www.cdc.gov/niosh/programs/wrt/pubs.html/
http://www.cdc.gov/niosh/docs/2015-100
http://www.cdc.gov/niosh/docs/2015-100
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leadership sent multiple copies of existing NIOSH news clips about NORA and 
the WRT sector to a half-dozen large business publications that reached the 
desk and eyes of the executives of retail or wholesale businesses. As a result, 
12 prominent employers responded to this meeting notice and subsequently 
attended, some becoming council members or extramural partners. In addition, 
the WRT Sector Council included two members from academia and three from 
the insurance industry. The major retail or wholesale and labor associations in 
this sector included the Loss Prevention Foundation (LPF); Retail Industry Lead-
ers’ Association (RILA); Food Marketing Institute (FMI); United Food and Com-
mercial Workers (UFCW); Retail, Wholesale and Department Store Union (RWD-
SU); National Safety Council (NSC); and Material Handling Industry (MHI). 

Trends in WRT Employment, Fatalities, Injuries, and Illnesses 
To provide context for the Review of the WRT activities, effectiveness, and im-
pact during the decade, background rates for employment in the sector, fatali-
ties, and nonfatal injuries are provided. From 2007 through 2014, employment 
in the WRT sector remained fairly stable (Figure 46). Employment data were 
collected from the Current Population Survey and includes private industry and 
government (federal, state, and local) and the self-employed. Volunteers are not 
included in employment counts.

Fatalities declined slightly between 2007 and 2008, with numbers leveling off 
after this point (Figure 47). Nonfatal injuries and illnesses (Figure 47) decreased 
between 2008 and 2014. Fatality and injury data were collected from the Cen-
sus of Fatal Occupational Injuries (CFOI) and the Survey of Occupational Injuries 
and Illnesses (SOII). The latter does not include self-employed, and only private 
industry data were available before 2008.

Figure 46. Employment trend in wholesale and retail trade (2007 through 2014)

Employment data: Bureau of Labor Statistics, Current Population Survey (CPS).
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YOUNG WORKER SAFETY

NIOSH research to protect 
young and inexperienced 
workers led to a curriculum 
that stakeholders use to 
help these workers stay 
safe on the job.

http://www.bls.gov/cps/
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Figure 47. Fatality, injury or illness trends in wholesale and retail trade  
(2007 through 2014)

Fatality data: Bureau of Labor Statistics, Census of Fatal Occupational Injuries (CFOI). Injury or illness data: 
Bureau of Labor Statistics, Survey of Occupational Injuries and Illnesses (SOII). 

Activities and Output
Figure 48 shows how many research projects (intramural and extramural) con-
tributed effort to the WRT Sector Program during the decade. Project counts 
reflect the percentage of total effort directly attributable to WRT Sector Pro-
gram research. Example: If one project is attributed as 50% effort in WRT, then 
it is counted as 0.50 of a project.

Figure 48. Number of wholesale and retail trade research projects (FY2007 to FY2015)
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Figure 49 shows the funds invested in intramural and extramural research proj-
ects from 2007 through 2014. Investment totals reflect the percentage of total 
effort directly attributable to WRT Sector Program research goals. Example: If 

VIRTUAL NANO CENTER

The NIOSH virtual 
Nanotechnology Research 
Center has supported 
or influenced more 
than 90 researchers 
in pioneering studies 
to better understand 
potential occupational 
health and safety risks 
in the nanotechnology 
industry, and to incorporate 
effective precautions as the 
industry grows.

http://www.bls.gov/iif/
http://www.bls.gov/iif/
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one project with a total budget of $100,000 is attributed as 50% effort in WRT, 
then the total investment is shown as $50,000. Totals in Figure 49 are shown in 
millions of dollars.

Figure 49. NIOSH investment in wholesale and retail trade research projects  
(FY2007 through FY2015)
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Information on research associated with the cross-sector programs is available 
for FY2007 through FY2014. The cross-sector programs are described later in 
this supplement. Figure 50 shows the WRT research by cross-sector. A research 
project is counted if at least 50% of project activity is attributed to the WRT 
Sector Program and the corresponding cross-sector program. Cross-sector data 
are shown for five projects or more during the decade. 

Figure 50. Number of projects by NIOSH cross-sector program for wholesale and retail 
trade (FY2007 through FY2014)

STRATEGY HELPS INDUSTRY

A NIOSH-developed cost-
collection strategy helps 
businesses like Ford Motor 
Company to determine 
costs of work-related 
injuries and illnesses.
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Table 37 shows the number and type of publications during the decade 
that were attributed to the WRT sector. Publications were identified in the 
NIOSHTIC-2 database of occupational safety and health publications, docu-
ments, grant reports, and other communication products supported in whole or 
in part by NIOSH funding. Publication counts likely underestimate publications 
produced by the program during NORA’s second decade due to the limitations 
of the data-collection methods available. Not all publications a program devel-
ops are included in the NIOSHTIC-2 database, and not all publications in the 
database can be associated with a specific program. During the second decade, 
49 publications were attributed to the WRT Sector Program, with the intramural 
publication count (42) being significantly greater than extramural (8).

Table 37. Publications attributed to wholesale and retail trade by type  
(FY2007 through FY2014)

Publication Category
Total Number 
Publications

Intramural 
Publications

Extramural 
Publications

Journal article 25 18 8

Numbered publication or field study report 7 7 0

Abstract or conference proceeding 10 10 0

Book or book chapter 3 3 0

Newsletter, trade, or lay publication 3 3 0

Other 1 1 0

Totals 49 42 8

Note: The sum of intramural and extramural publications may exceed the total. A publication with intramural 
and extramural authors are counted in both categories. 

Effectiveness
One measure of research effectiveness is the degree to which research activities 
addressed strategic goals of the WRT Program. Information on the sector goals 
addressed by a project is available for some NIOSH research projects. Table 38 
shows how many projects addressed each strategic goal during the decade. The 
most-frequently addressed strategic goal (SG) was SG 01 (Reduce Musculoskel-
etal Disorders). SG 04 (Motor Vehicle Injuries) was the least-frequently addressed 
strategic goal. Intramural research projects most-frequently addressed SG 01. 
Extramural projects most-frequently addressed SG 03 (Workplace Violence).

Table 38. Number of wholesale and retail trade research projects by strategic 
goal (FY2007 through FY2014)

Strategic Goal (SG)
Intramural 
Projects

Extramural 
Projects

Total Number 
of Projects 

SG 01: Reduce musculoskeletal disorders 13 1 14

SG 02: Traumatic injury due to slips, trips, 
and falls and contact with objects 

8 1 9

SG 03: Workplace violence 3 3 6

(Continued)

EMERGENCY RESPONSE

NIOSH developed the 
“Emergency Responder 
Health Monitoring and 
Surveillance” document, 
leading to the National 
Response Team adopting 
and implementing it based 
on NIOSH training.

https://www2a.cdc.gov/nioshtic-2/default.asp


80 NORA Second Decade in Review: NIOSH Sector and Cross-Sector Program Supplement | 2006–2016

Strategic Goal (SG)
Intramural 
Projects

Extramural 
Projects

Total Number 
of Projects 

SG 04: Motor vehicle injuries 1 0 1

SG 05: Small businesses 6 0 6

SG 06: Vulnerable/Contingent Workers 11 0 11

Data shows how many research projects contributed 50% or more effort to the sector goal. Projects can 
address multiple goals.

Outcomes and Impact
Citation of NIOSH-funded journal articles is one measure of research impact. 
This indicates that scientists outside of NIOSH have used the institute’s research 
outputs. Table 39 shows journal articles associated with the WRT sector and 
their citation counts available in the Scopus citation database as of September 
2016. Data are shown for publications resulting from intramural and extramural 
research. Journal article counts included in this table are lower than the total 
number noted in the publication table for this program. Not all publications 
are included in the Scopus citation database. Journal articles attributed to both 
intramural and extramural projects are counted in both.

Table 39. Number of citations for wholesale and retail trade  
(FY2007 through FY2014)

Type of Citation Total

Total number of journal articles 22

Total number of citations 206

Intramural journal articles 16

Intramural citations 104

Extramural journal articles 7

Extramural citations 107

Note: Journal article numbers included in this table are lower than the total number noted in the outputs 
table, because not all publications are included in the Scopus citation database. Journal articles attributed to 
both intramural and extramural projects are counted in both.

Table 38 (Continued). Number of wholesale and retail trade research projects 
by strategic goal (FY2007 through FY2014)

EMERGENCY PLANNING

The NIOSH-developed 
control-banding process 
of workplace-risk 
management informs some 
stakeholders’ emergency-
preparedness plans.
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Another important measure of research outcomes is how many outputs oth-
ers have obtained. Table 40 shows how many NIOSH-numbered publications 
associated with the WRT sector have been requested in printed form or down-
loaded electronically during NORA’s second decade.

Table 40. Electronic and printed distribution of NIOSH-numbered wholesale 
and retail trade publications (FY2007 through FY2014)

Sector
Number of 
Publications

Electronic 
Downloads

Printed 
Distribution

Wholesale and Retail Trade 7 3,317 3,297

Additional sector outcomes during the second decade are described below.

The WRT Sector opened new communication channels with four key whole-
sale or retail trade associations as a means of improving outreach to this 
underserved sector. This effort began with the first signed Letter of Agree-
ment with the Loss Prevention Foundation (LPF). The Loss Prevention Founda-
tion was established to train and certify retail and wholesale business leaders in 
loss prevention, which includes safety engineering and risk management. The 
agreement highlighted NIOSH’s vast informational resources relevant to the 
Loss Prevention Foundation certification program. The Loss Prevention Foun-
dation also hosted NIOSH publications on its website and prepared articles 
highlighting NIOSH research for its membership. Similar Letters of Agreement 
were signed with the Retail Industry Leaders Association (RILA), Food Marketing 
Institute (FMI), and the Material Handling Institute (FMI). The agreements not 
only served as conduits for sharing information, but they gave opportunities for 
the WRT Program to (1) experience face-to-face encounters with the associa-
tions’ membership (employers), (2) attend normally closed national conferences, 
(3) gain visibility from NIOSH WRT presentations, and (4) hold exhibits at these 
conferences. As a result, the WRT sector leadership was exposed to business 
culture and safety practices of the associations, which was important in develop-
ing and marketing WRT products. Although it is difficult to estimate the extent 
or impact that followed from these agreements, it was clear NIOSH was viewed 
as a trusted resource for employers who were seeking solutions to their most 
important and costly problem—preventing musculoskeletal disorders (MSDs) 
associated with manual material-handling jobs. 

The WRT sector was instrumental in engineer controls being implemented 
to reduce injuries from manual material-handling jobs because of match-
ing businesses with solutions to those businesses with problems. The WRT 
leadership, with help from the above-mentioned business and trade associa-
tions, launched a campaign to bring “solution providers” together with “solu-
tion seekers” to find new cost-effective approaches for reducing MSD injuries 
associated with manual materials-handling jobs. Three NIOSH/WRT workshops 
were held with national expos featuring material-handling equipment. Each 
workshop was promoted as a “business-to-business” event that focused on 
preventing MSD injuries. Experts on material handling and ergonomics were 
there to give ideas and solutions to employers. A few notable outcomes from 
these workshops included a collection of best practices involving the use of 

SAMPLING TOOLKIT

A NIOSH environmental 
sampling toolkit and 
training materials help 
employers train emergency 
first responders.
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lift-assisting devices, which were also 
included in the NIOSH publication, 
“Ergonomic Solutions for Retailers” 
[NIOSH 2015a]. More importantly, the 
workshops generated agreements 
with key employers for developing or 
implementing engineering controls. 
These engineering controls consisted 
of mechanical-assist devices to reduce 
MSD injuries associated with manual 
material-handling jobs. 

The WRT leadership produced six key 
NIOSH publications, including three 
peer-reviewed journal articles, and 
three NIOSH-numbered publications. 
The WRT leadership also produced six 
employer-oriented articles published 
in trade journals and magazines, along 

with WRT News Bulletins that were 
sent to both trade organizations, cur-
rent and former members of the sec-
tor council, and academics. Finally, the 
WRT Leadership and steering council 
members are preparing two more 
NIOSH publications for release in 2016 
and 2017, “New Retail Workers: Safety 
and Health at Work,” and “Ergonomic 
Practices for Product Packaging in 
Small Businesses: Application for 
Manufacturing, Wholesale, and Retail 
Trade Sector.” The primary challenge 
involved the cost and logistics of 
holding meetings in a central location 
with a relevant purpose that justified 
the council member’s time away from 
their jobs.
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ALL SECTORS

Within the NIOSH program portfolio, some 
research projects contribute to most or all 10 of 
the NORA sectors. These projects are collective-
ly labeled as the “All Sectors” research category. 

The results discussed below capture the activi-
ties, effectiveness, and impact of this research 
during the second decade. 

Work Safety

construction
Workplace Hazards

DANGER

caution
equipment

Safety First
nanotechnology

ProtectionRisk
gloves

INJURY Health

accidentWORKING CONDITIONS

Regulations
helmet

Construction Site
SOLUTION

safety procedures

States Implement the NIOSH “Talking Safety” Curriculum for Young Workers

Every year, more than 100,000 
young people ages 14 to 24 expe-
rience serious injuries and illnesses 
at work. 

The NIOSH Safe-Skilled-Ready 
Workforce (SSRW) program aims to 
equip young people and new hires 
with basic work-readiness compe-
tencies to protect themselves on 
the job. The program researches 
the skills needed by young work-
ers, helps schools and others add 
the missing skills training into their 
curricula for youth and new hires, 
and it evaluates the effectiveness 
of the training to improve it. 

NIOSH updated and published 54 
Youth@Work: Talking Safety cur-
ricula individually tailored for each 
U.S. state and territory, and the 

Miami-Dade County Public School 
System. NIOSH also developed 
and validated an online assess-
ment tool (with the nonprofit 
National Occupational Compe-
tency Testing Institute, NOCTI) to 
measure the effectiveness of the 
curriculum. Tens of thousands of 
free copies of the state-specific 
versions of the Talking Safety cur-
riculum have been downloaded 
from the NIOSH website.

NIOSH and state partners are 
implementing the curriculum in 
schools and maximizing impact. 
Florida and Oklahoma are work-
ing with NIOSH to roll out the 
curriculum statewide. NIOSH is 
also helping to train Connecticut 
Technical High School teachers on 
the curriculum. The Miami-Dade 

County Public School System is 
incorporating the curriculum into 
8th grade science classes, and 
the school system is working with 
NIOSH to research the effective-
ness of this work. 

Details: Safe-Skilled-Ready Work-
force Program

A Safety & Health Curriculum 
for Young Workers

Florida Edition
Miami-Dade County Public Schools

http://www.cdc.gov/niosh/docs/2016-147/pdfs/2016-147.pdf
http://www.cdc.gov/niosh/docs/2016-147/pdfs/2016-147.pdf
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Activities and Output
Figure 51 shows how many research projects (intramural and extramural) con-
tributed effort to the All Sectors category during the decade. 

Figure 51. Number of all sectors research projects (FY2007 through FY2015)
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Figure 52 shows the funds invested in intramural and extramural All Sectors 
research projects from 2007 through 2015. Totals in Figure 52 are shown in mil-
lions of dollars. 

Figure 52. NIOSH investment in all sectors research projects (FY2007 through FY2015)
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MANUAL OF METHODS

The NIOSH Manual 
of Analytical Methods 
continues to provide 
practitioners in the United 
States and internationally 
with new ways to monitor 
work-related exposures.
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Information on research associated with the cross-sector programs is available 
for FY2007 through FY2014. The cross-sector programs are described later in 
this supplement. Figure 53 shows the All Sectors research by cross-sector. A 
research project is counted if at least 50% of project activity is attributed to 
All Sectors and the corresponding cross-sector program. Cross-sector data are 
shown for five projects or more during the decade. 

Figure 53. Number of projects by NIOSH cross-sector program for all sectors 
(FY2007 through FY2014) 
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Note: Projects counted were active from FY2007 through FY2014 and attributed 50% or more effort to the 
sector program.

Table 41 shows the number and type of publications during the decade that 
were attributed to the All Sectors category. Publications were identified in the 
NIOSHTIC-2 database of occupational safety and health publications, docu-
ments, grant reports, and other communication products supported in whole or 
in part by NIOSH funding. Publication counts likely underestimate publications 
produced by the program during NORA’s second decade due to the limitations 
of the data-collection methods available. Not all publications a program devel-
ops are included in the NIOSHTIC-2 database, and not all publications in the 
database can be associated with a specific program. During the second decade, 
1,657 publications were attributed to All Sectors, with the extramural publica-
tion count (1,228) being significantly greater than intramural (465).

SAMPLING SOFTWARE

NIOSH and other agencies 
used the Institute’s 
environmental-sampling 
software in a full-scale 
Idaho National Laboratory 
bioterrorism-response 
exercise. 

https://www2a.cdc.gov/nioshtic-2/default.asp
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Table 41. Publications attributed to all sectors by type  
(FY2007 through FY2014)

Publication Category
Total Number 
Publications

Intramural 
Publications

Extramural 
Publications

Journal article 1,008 250 787

Numbered publication or field study 
report

161 102 59

Abstract or conference proceeding 116 55 62

Book or book chapter 81 33 49

Newsletter, trade, or lay publication 24 11 18

Other 267 14 253

Totals 1,657 465 1,228

Note: The sum of intramural and extramural publications may exceed the total. A publication with intramural 
and extramural authors is counted in both 
categories. 

Effectiveness
One measure of research effectiveness is the degree to which research activities 
addressed strategic goals of a NORA program. Because research in All Sec-
tors apply to all of the sector programs, it is not feasible to determine which 
strategic goals within each sector are addressed by these projects. Rather, 
Table 42 shows the number of these projects by research type in the following 
categories: (a) basic/etiological research, (b) Information, (c) Intervention re-
search, (d) Surveillance, and (e) Training. This Information is available for some 
NIOSH research projects. Information generation was the most-frequent project 
type, followed by basic/etiologic research. The lowest number of projects was 
intervention research. Intramural projects were most-frequently categorized as 
information research. Extramural projects were most-frequently basic/etiologic 
research. 

Table 42. Number of all sectors research projects by research type (FY2007 
through FY2014)

Research Type Intramural 
Projects

Extramural 
Projects

Total Number 
of Projects

Basic/Etiologic 34 68 102

Information 76 35 111

Intervention 2 7 9

Surveillance 2 33 35

Training 3 66 69

Projects can address multiple research types.

ANTHRAX CONTROLS

Protecting more than half 
a million postal workers, 
NIOSH-developed 
engineering controls 
implemented by the U.S. 
Postal Center to reduce the 
risk of anthrax exposure 
from contaminated mail in 
processing centers.
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Outcomes and Impact
Citation of NIOSH-funded journal articles is one measure of research impact. 
This indicates that scientists outside of NIOSH have used the institute’s research 
outputs. Table 43 shows journal articles associated with the All Sectors cat-
egory and their citation numbers available in the Scopus citation database as of 
September 2016. Data are shown for publications resulting from intramural and 
extramural research. Journal article counts included in this table are lower than 
the total number noted in the publication table for all sectors. Not all publica-
tions are included in the Scopus citation database. Journal articles attributed to 
both intramural and extramural projects are counted in both.

Table 43. Number of citations for all sectors (FY2007 through FY2014)

Type of Citation Total

Total number of journal articles  888

Total number of citations 14,585

Intramural journal articles 205

Intramural citations 4110

Extramural journal articles 707

Extramural citations 10,819

Note: The journal article count included in this table is lower than the total number noted in the outputs table, 
because not all publications are included in the Scopus citation database. Journal articles attributed to both 
intramural and extramural projects are counted in both.

Another important measure of research outcomes is how many outputs others 
have obtained. Table 44 shows how many NIOSH-numbered publications as-
sociated with All Sectors have been requested in printed form or downloaded 
electronically during NORA’s second decade.

Table 44. Electronic and printed distribution of NIOSH-numbered all sectors 
publications (FY2007 through FY2014)

Sector
Number of 
Publications

Electronic 
Downloads Printed Distribution

All Sectors 67 108,059 227,214

ACRYLAMIDE EXPOSURE

A NIOSH study with three 
companies that identified 
sources of acrylamide 
exposure led to the 
companies changing their 
operation procedures to 
lower workers’ exposures.
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CROSS-SECTOR PROGRAM REVIEW

Agriculture, 
Forestry, 

and Fishing 

Construction Healthcare 
and Social 

Manufacturing 
Mining

Oil and Gas 
Extraction 

Public Safety

Services

Transportation, 
Warehousing, 
and Utilities

Wholesale and 
Retail Trade 

To enhance the 10 sector programs, NIOSH cre-
ated cross-sector programs to identify national 
priorities for occupational health and safety re-
search and facilitate efforts to address those pri-
orities. Cross-sector programs were managed by 
NIOSH, and they were organized into health and 
non-health outcome areas to support the sectors 
in accomplishing their goals for the nation and 
coordinating priorities that affect multiple sectors. 
The health outcome cross-sectors represent the 
major occupational safety and health issues faced 
by workers, and non-health outcome cross-sectors 
represent research methods; approaches; and core 
activities, such as surveillance, hazard exposure, 
interventions, information dissemination and statu-
tory programs [NIOSH 2010b]. 

This section summarizes the activities and impact 
these health-outcome cross-sectors and non-
health-outcome cross-sectors have had on occupa-
tional safety and health over the decade. 

Health-Outcome Cross-Sector Programs
Following are accomplishments of the seven 
health-outcome cross-sectors. The NIOSH Program 
Portfolio webpage and the program’s website offer 
more information.

 � Cancer, Reproductive, and  
Cardiovascular Diseases 

 � Hearing Loss Prevention
 � Immune and Dermal Diseases
 � Musculoskeletal Disorders
 � Respiratory Diseases
 � Traumatic Injury
 � Work Organization and Stress Disorders

Non-health Outcome Cross-sectors
Following are accomplishments of the 14 non-
health-outcome cross-sectors. The NIOSH Program 
Portfolio webpage and the program’s website offer 
more information.

 � Authoritative Recommendations 
 � Economics
 � Engineering Controls
 � Emergency Preparedness and Response
 � Exposure Assessment
 � Global Collaborations
 � Health Hazard Evaluation
 � Nanotechnology
 � Occupational Health Disparities
 � Personal Protective technology
 � Prevention through Design
 � Small Business Assistance and Outreach
 � Surveillance
 � Total Worker Health®

http://www.cdc.gov/niosh/programs/
http://www.cdc.gov/niosh/programs/
http://www.cdc.gov/niosh/programs/
http://www.cdc.gov/niosh/programs/
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Health-Outcome Cross-Sector Programs

Cancer, Reproductive, and Cardiovascular Diseases

The chief health areas of concern for the Cancer, 
Reproductive, and Cardiovascular Diseases (CRC) 
Program are cancer, reproductive health, heart 
disease, and evolving areas of occupational neuro-
logical and renal disease. The program addresses 
these by researching health and exposure in work-
ing populations, providing data for developing 
standards, recommending interventions to con-
trol health hazards, conducting basic and applied 
laboratory research to investigate precursors of 
occupational disease, developing engineering con-
trols and interventions for workplace hazards, and 
developing and disseminating information to foster 
prevention of occupational disease.

The CRC Program involves the work of all NIOSH 
Divisions, Labs, and Offices. NIOSH scientists work 
with extramural partners, including professionals 
representing federal, state, and local governments; 
labor; industry; academia; or other research organi-
zations and professional associations.

For many disease endpoints, the connection be-
tween investigating work-related illnesses and end-
impact is often indirect and can span many years; 
this fact is reflected in the types of most-common 
impact from research in the CRC Program. 

Further activities during the decade are described 
below.

 � Published findings from many studies of 
workplace-related cancer have been used by 
authoritative groups to help set national and 
international standards. Recent examples in-
clude (1) in 2013, designation of diesel exhaust 
by the International Agency for Research on 
Cancer (IARC) as a Group 1 (known human) 
carcinogen; (2) in 2012 and 2013, the National 
Toxicology Program used evidence from CRC 
studies in its 2013 Report on Carcinogens to 
classify the chemical ortho-toluidine as “rea-
sonably anticipated to be a human carcino-
gen” [NTP 2014]; and (3) CRC studies were 
also influential in IARC’s recent determination 
of PCBs and chlorinated solvents to be Group 
1 carcinogens.

Preventing Work-Related Reproductive Problems and Cardiovascular Disease

For many diseases, the connec-
tion with work-related expo-
sures requires research that 
spans many years. In NORA’s 
second decade, NIOSH re-
searchers collaborated with 
many academic centers and 
large epidemiologic studies to 
assess work-related risk factors 
for reproductive problems and 
cardiovascular disease. For re-
productive health, these collab-
orations have added significant-
ly to the body of knowledge 
in the past decade. Collabora-
tions include the National Birth 
Defects Prevention Study and 
the Nurses’ Health Study. For 
cardiovascular health, collabora-
tions include the Reasons for 
Geographic and Racial Differ-
ences in Stroke (REGARDS) 

Study, and the Buffalo Cardio-
metabolic Occupational Police 
Stress (BCOPS) study. 

NIOSH research collaboration 
with the National Birth Defects 
Prevention Study provided 
critical information about the 
risk of birth defects from work-
place exposure to chemicals. 
Researchers found that ma-
ternal exposure to solvents at 
work is associated with infant 
neural tube defects, some 
heart defects, and fetal growth 
restriction. It found no associa-
tion with orofacial clefts. In the 
area of pesticides, researchers 
found that maternal exposure 
is associated with neural tube 
defects; gastroschisis, which is 
a defect of the abdominal wall; 

limb reductions; and some, but 
not all, heart defects. They did 
not find a statistical link be-
tween pesticide exposure and 
the urological birth defect in 
boys called hypospadias. 

Details: National Birth Defects 
NIOSH Publications

Photo by Thinkstock

http://www2a.cdc.gov/nioshtic-2/BuildQyr.asp?s1=National+Birth+Defects+Prevention+Study
http://www2a.cdc.gov/nioshtic-2/BuildQyr.asp?s1=National+Birth+Defects+Prevention+Study
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Preventing Occupational Cancer

Researchers estimate that 3% 
to 6% of U.S. cancers are work-
related, which suggests that 
44,000 to 87,000 work-related 
cancers are diagnosed each 
year in the United States. To 
date, only about 2% of chemi-
cals processed in the United 
States have been tested for 
carcinogenicity, so the estimate 
of work-related cancers might 
have increased if more chemi-
cals used in U.S. workplaces 
were tested. 

Past NIOSH research identi-
fied physical and chemical 
agents in the workplace that 
are associated with cancer; 

including asbestos; benzene; 
benzidine; 1,3-butadiene; 
cadmium; chromium; crystalline 
silica; dioxin; formaldehyde; vi-
nyl chloride; and others. NIOSH 
studies continue to find links 
between cancer and workplace 
exposure to certain chemicals, 
including beryllium, diesel 
exhaust, o-toluidine, 1-bromo-
propane. Among fire fighters, 
many other chemicals have 
links to cancer. This research 
informs recent guidance, by the 
World Health Organization and 
the National Toxicology Pro-
gram, on work-related cancer.  
These leading organizations 

cited NIOSH publications docu-
menting the cancer-causing po-
tential of work-related chemical 
exposures.

Details: Occupational Cancer

 � Disseminated results of a “largest-of-its kind” 
cohort study of U.S. fire fighters. The study 
revealed higher-than-expected rates of overall 
cancer and of several specific cancers.

 � Worked with state partners and other orga-
nizations on publications, such as the NIOSH 
Alert “Preventing Occupational Exposures to 
Antineoplastic and Other Hazardous Drugs in 
Health Care Settings” [NIOSH 2004], which 
was adopted by three states and one profes-
sional organization in the United States.

 � Contributed to the CDC’s National Public 
Health Action Plan for the Detection, Preven-
tion, and Management of Infertility, highlight-
ing areas that included occupational factors 
related to infertility.

 � Completed the NIOSH Topic Page “Repro-
ductive Health and the Workplace” [NIOSH 
2015d], which serves as an international repro-
ductive health resource.

 � Participated with academic centers in assess-
ing occupational risk factors potentially related 
to CRC health outcomes in large national stud-
ies. Such collaborations include the Birth De-
fects Study to Evaluate Pregnancy Exposures 
(BD-STEPS), Nurses’ Health Study, Women’s 

Health Initiative, REasons for Geographic and 
Racial Differences in Stroke (REGARDS), and 
the Buffalo Cardio-metabolic Occupational 
Police Stress (BCOPS) Study.

 � Published results from the National Survey of 
U.S. Long-Haul Truck Driver Health and Injury. 
This work documented cardiovascular disease 
risk factors among long-haul truck drivers and 
suggested needed interventions.

 � Published NIOSH Current Intelligence Bulletin 
67, Promoting Health and Preventing Disease 
and Injury Through Workplace Tobacco Policies 
[NIOSH 2015b]

 � Published many reports of laboratory work 
developing the scientific basis to explain occu-
pational health effects resulting from occupa-
tional exposures and health outcomes, such as 
cancer, cardiovascular disease, and neurologic 
disease. Among these studies were several 
groundbreaking laboratory studies of potential 
for carcinogenicity of carbon nanotubes (CNT) 
and other nanoparticles.

 � Completed data collection for an industrywide 
study of CNTs and nanofiber production work-
ers. Published initial data on worker exposure 
to CNTs.

http://www.cdc.gov/niosh/topics/cancer/
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Testing Earplugs to Prevent Hearing Loss

Hearing loss is one of the most 
common work-related illnesses in 
the United States. Approximately 
22 million workers endure hazard-
ous noise levels at work, and an ad-
ditional 9 million encounter chemi-
cals that can damage hearing. 
In addition to the toll on worker 
health, work-related hearing loss 
is costly. Worker’s compensation 
payments for hearing loss disabil-
ity total an estimated $242 million 
annually. As first lines of protection, 
NIOSH recommends eliminating 
or reducing hazardous noise in the 
workplace at the source. Hearing 

protection devices (HPD) may be 
necessary as part of a strategy to 
prevent hearing loss. Previously, 
however, it was difficult to measure 
how well these devices worked.

To protect workers’ hearing, 
NIOSH developed a method that 
measures the effectiveness of 
hearing protection devices and 
identifies workers who need better 
protection. Called HPD Well-Fit™, 
this method provides results within 
10 minutes for any type of earplug. 
The only equipment needed is a 
computer running the Windows 
operating system (version 7 or 

later), with a high-definition sound 
card, a mouse with a scroll wheel, 
and sound-isolating headphones. 
HPD Well-Fit™ is now available for 
external partners to purchase. 

Details: Measuring How Well  
Earplugs Work

 � Performed many investigations of fire-fighter 
deaths related to cardiovascular disease. CVD 
fatalities have been reduced 20% since 1999, 
when the medical component of the CRC 
NIOSH Fire fighter Fatality Investigation and 
Prevention Program (FFFIPP) began. The FF-
FIPP contributed to this reduction.

Hearing Loss Prevention

The NIOSH Hearing Loss Prevention (HLP) Cross-
sector Program gives national and world leadership 
to reduce the prevalence of occupational hearing 
loss, through a focused program of research and 
prevention activities. NIOSH is the sole federal 
agency with primary responsibility for conducting re-
search on occupational hearing loss, causal factors, 
and prevention methods. This program comprises 
an interdisciplinary team of audiologists, engineers, 
psychologists, and physicists who actively work to 
reduce hearing loss. The program strives to meet 
its objective by conducting high-quality research, 
developing practical solutions to complex problems 
that cause occupational hearing loss, fostering part-
nerships with key stakeholders, and promoting the 
transfer and translation of research to practice. Dur-
ing NORA’s second decade, the program focused its 
efforts in four primary areas—prevention programs, 
engineering controls, hearing protection devices, 
and biologic and acoustic sources of hearing loss.

The HLP research cross-sector comprises research-
ers from the Division of Applied Research and 
Technology (DART), the Division of Surveillance, 
Hazard Evaluations, and Field Studies (DSHEFS), 
the Office of Mine Safety and Health (OMSHR), 
the Education and Information Division (EID), and 
the Office of Extramural Programs (OEP). HLP has 
partnered with professional societies, such as the 
Acoustical Society of America, American Industrial 
Hygiene Association, National Hearing Conserva-
tion Association, American Academy of Audiology, 
Council for Accreditation in Occupational Hearing 
Conservation, Association for Research in Otolar-
yngology, American Speech Language Hearing As-
sociation, Institute for Noise Control Engineering, 
and the American Society of Mechanical Engineers. 
The HLP Program has actively engaged other fed-
eral agencies, particularly the U.S. Environmental 
Protection Agency, Department of Defense (Army, 
Air Force and Navy), Department of Labor (MSHA 
and OSHA), Department of Interior (Bureau of Rec-
lamation and Bureau of Safety and Environmental 
Engineering), National Institutes of Health (National 
Institute on Deafness and Other Communication 
Disorders), Department of Education (National 
Center for Education Statistics), and CDC’s Nation-
al Center for Health Statistics. The HLP cross-sector 
has been involved with bodies that set consensus, 
through the American National Standards Institute 
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(ANSI) and the International Standards Organiza-
tion (ISO). Research has engaged several manu-
facturers in safety equipment (3M, Moldex Metric, 
Honeywell, Custom Protect Ear, and Westone 
Laboratories). Research has also engaged several 
mining equipment manufacturers (Joy Global Inc., 
Corry Rubber, Kennametal). HLP research has 
identified critical needs for advancing hearing-loss 
prevention research through surveillance, personal 
protection equipment, noise-control engineering, 
evidence-based best practices, and by studying 
other risk factors for hearing loss.

During the past decade, the HLP Cross-sector 
Strategic Plan had five goals: surveillance, personal 
protection equipment, noise-control engineering, 
evidence-based best practices, and other risk fac-
tors for hearing loss. 

In surveillance, HLP established partnerships with 
hearing-conservation providers and developed new 
capabilities and estimates of the prevalence of oc-
cupational hearing loss in the United States. Sev-
eral articles have been published by the Division of 
Surveillance, Hazard Evaluations, and Field Studies 
(DSHEFS) Surveillance Branch. A new topic page 
devoted to Occupational Hearing Loss has been 
established. Participating in the National Health 
and Nutrition Examination Survey has led to estab-
lishing new databases for hearing levels as a func-
tion of age, gender, and ethnicity. These have been 
incorporated into the ISO 1999:2013 standard for 
estimating noise-induced hearing due to occupa-
tional noise exposure [ISO 2013]. 

In noise-control engineering, advanced capa-
bilities have been added to the Office of Mine 
Safety and Health (OMSHR) hearing-loss preven-
tion branch. These capabilities came in the form 
of beam-forming arrays to identify noise sources 
in machinery, a new hemi-anechoic chamber for 
studying mining equipment, and analysis and 
prediction capabilities for source-path contribution 
and vibration modeling. Mining noise-control solu-
tions have been commercialized with external part-
ners and have significantly penetrated the market 
for sales of the dual-sprocket chain and the drill-bit 
isolator. In manufacturing and construction, HLP 
developed noise controls for pneumatic nail-guns 
and developed the Buy Quiet program to pro-
mote engineering noise control in those sectors. 

HLP Program testing laboratories have remained 
accredited for several years through the National 
Voluntary Laboratory Accreditation Program. 

In hearing protection, HLP has developed several 
national and international acoustic-test standards. 
The Department of Defense has incorporated 
them into its recently published standard, MIL-STD 
1474E [DOD 2015]. The HLP Program has devel-
oped new equipment and transitioned it into com-
mercial products. Specifically, HPD Well-Fit™ is not 
licensed, and it is sold by external partners (Michael 
& Associates, Custom Protect Ear, Moldex Metric 
Inc.). In the area of impulse noise assessment, the 
HLP Program has developed a meter for measur-
ing impulse noise, and the meter is being sold by 
Structural Dynalysis. The HLP Program is respon-
sible for developing a reliable acoustic-impulse 
generator that is being sold by BC Precision Tools. 
It has also developed two acoustic test fixtures, 
and an acoustic-blast-probe microphone being sold 
commercially. The HLP Program has worked closely 
with software developers to enhance the capabili-
ties for acoustic test laboratories—specifically tools 
(REATMasterPro, the Impulsive Peak Insertion Loss 
Analyzer [IPILA], and HPDCalc tool) to implement 
tests according to ANSI and ISO standards. 

In best practices for HLP, several key outcomes 
have been achieved. NIOSH published an exten-
sive review of the status of research in current and 
emerging areas for occupational hearing loss. The 
Safe-In-Sound Excellence in Hearing Loss Preven-
tion and Innovation award program is entering its 
seventh year of identifying companies and individu-
als in manufacturing, construction, and services 
sectors that exhibit excellence in HLP. HLP has 
partnered with the National Hearing Conservation 
Association (NHCA) and International Journal of 
Audiology to publish for the past 5 years a supple-
ment in the journal of expanded research papers 
from the prior year’s NHCA conference. These pa-
pers highlight hearing loss prevention and promote 
a global perspective of the field. The HLP Program 
has developed several topic pages on engineering 
noise control, Buy Quiet Program implementation, 
hearing protection, hearing loss prevention, and 
surveillance. They are available on the CDC/NIOSH 
website. HLP has participated in the Cochrane Sys-
tematic Reviews for occupational hearing loss and 
effectiveness of hearing protection programs. The 

https://www.cdc.gov/niosh/topics/noise/pubs.html


NORA Second Decade in Review: NIOSH Sector and Cross-Sector Program Supplement | 2006–201694

HLP Program has partnered with NHCA, American 
Automobile Association (AAA), National Safety 
Council, and Council for Accreditation in Occu-
pational Hearing Conservation (CAOHC) to train 
hearing conservation professionals for integrating 
hearing-protector fit testing into HLP programs. 

In hearing loss risk factors and epidemiologic 
research, the HLP Program has advanced under-
standing of the risks of hearing loss due to impulse 
and impact-noise exposures. Funded research 
through the Office of Extramural Programs (OEP) 
has developed new methods to estimate the risk of 
occupational hearing loss due to exposures to com-
plex noise, such as continuous and impulsive noise. 
These methods exhibit promise and can be inte-
grated immediately into standards for measuring 
workers’ noise exposures to better characterize the 
increased risk when workers are exposed to com-
plex noise. The HLP Program has developed guid-
ance for mixed exposures to chemicals and noise, 
which was published by the Nordic Experts group. 
Animal research has advanced understanding of 
otoprotectants, chemicals that halt programmed 
cell death (apoptosis) within the cochlea following 
traumatic noise exposure. Animal research suggests 
early noise exposure results in neurological deficits 
that were previously unexplainable. 

Immune and Dermal Diseases

Immune and skin-related diseases represent a 
diverse group of health effects that are common in 
the workplace. These health effects include asthma, 
allergic rhinitis, and contact dermatitis. The great-
est impact of immune and dermal disease is in the 
services, agriculture, construction, and manufac-
turing industries. Workplace exposure to certain 
chemical substances can lead to contact dermatitis, 
allergic sensitizations, impaired immune function 
(including immune suppression and autoimmunity). 
Exposure can result in uncontrolled inflammation 
or increased susceptibility to diseases. Workers can 
be exposed to hazards in various ways, including 
through inhalation and dermal absorption. A work-
er’s skin can be exposed to hazardous chemicals 
through direct contact with contaminated surfaces, 
deposition of aerosols, immersion, or splashes. Skin 
exposures may cause systemic effects and local-
ized skin injuries. The NIOSH Immune and Dermal 
Diseases (IMU) Cross-sector Program has a mission 
to help reduce injury, illness, and death from work-
related immune and skin disease. Research priori-
ties are driven by considerations such as surveil-
lance data, stakeholder input, and emerging issues. 
Significant program activities include identifying 
immunologic or dermal hazards in the workplace; 
increasing awareness of occupational exposures to 

Preventing Skin Diseases with Chemical-Specific Information

Skin diseases account for an esti-
mated 15% to 20% of all reported 
work-related diseases in the United 
States. Along with the human suf-
fering, the estimated cost of work-
related skin diseases is as high as 
$1 billion a year.

NIOSH researchers, with about 20 
external partners, identified a new 
way to assign NIOSH Skin Nota-
tions to chemicals. NIOSH Skin 
Notations are hazard warnings 
used worldwide to alert workers 
and employers to the health risks 
of skin exposures to chemicals in 
the workplace. With each notation, 

the new system provides a detailed 
summary of the specific informa-
tion used to establish the notation 
for a particular chemical. 

To help prevent work-related skin 
diseases, NIOSH has published 
more than 40 new Skin Nota-
tion Profiles. In addition, NIOSH 
researchers are developing pro-
files for more than 120 additional 
chemicals. 

Details: Skin Exposures and Effects

Current Intelligence Bulletin 61
A Strategy for Assigning New  
NIOSH Skin Notations
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mold and other allergens; developing and publish-
ing new information to characterize occupational 
chemicals or allergens that cause asthma; identify-
ing and characterizing workplace chemicals that 
can cause contact or allergic dermatitis and system-
ic toxicity; and publishing NIOSH Skin Notations to 
alert workers, employers, risk assessors, and occu-
pational safety and health specialists to the pres-
ence of dermal exposure hazards in the workplace.

Further activities during the decade are described 
below.

 � With about 20 external partners participating, 
the program identified the need for a new, 
updated means of assigning NIOSH Skin Nota-
tions to chemicals. The new system establishes 
hazard-based notations with accompanying 
profiles that provide a detailed summary of 
chemical-specific information used to establish 
the notation. NIOSH Current Intelligence Bul-
letin 61, A Strategy for Assigning New NIOSH 
Skin Notations [NIOSH 2011b] and more than 
40 Skin Notation Profiles have been published.

 � Program research on how nicotine from e-
cigarette refill liquids is absorbed through the 
skin was used by OSHA in a settlement for 
fines imposed following an investigation of an 
e-cigarette manufacturing facility.

 � Program research on the dermal permeation 
of perfluorooctanoic acid (used to manufacture 
Teflon and other perfluorochemicals) was used 
by the New Jersey Department of Environ-
mental Protection in its dermal risk assessment 
of ground-water contamination.

 � Many Health Hazard Evaluation (HHE) reports 
have been published, including investigations 
into outbreaks of contact dermatitis at an ink-
manufacturing plant; asthma and respiratory 
symptoms among workers at a soy-processing 
plant; cluster of asthma among workers at a 
chemical-manufacturing plant; sensitization po-
tential of metal-working fluids; and evaluations 
of biological agents in water-damaged indoor 
environments.

 � The NIOSH bioaerosol sampler was used to 
detect influenza and has been provided for use 
at more than 100 agencies and institutions, 
including the National Aeronautics and Space 
Administration (NASA).

 � Intramural scientists developed a method to 
quantify chemical allergens in latex and ni-
trile gloves that was subsequently adopted 
by ASTM International to help manufacturers 
assess and lower the allergen levels of their 
products [ASTM 2014].

 � Mold-identification kits, using a patented 
monoclonal antibody produced by intramural 
scientists, were developed and marketed by 
two commercial companies.

 � A monoclonal antibody for detecting iso-
cyanates has been developed and used by 
NIOSH to determine the fate of isocyanates in 
the skin. This antibody has also been used by 
academic institutions and the DOW Chemical 
Company.

 � About 220 publications from intramural re-
searchers throughout the decade have ad-
dressed program goals. These publications 
have been cited by others more than 1,800 
times.

Musculoskeletal Disorders

Musculoskeletal disorders are among the most-
important research issues in terms of frequency 
and impact across all industry sectors. These disor-
ders are caused by sudden exertion or prolonged 
exposure to such physical factors as repetition, 
force, vibration, or awkward postures. Musculoskel-
etal disorders affect the body’s connective tissues 
(such as muscles, nerves, tendons). The NIOSH 
cross-sector program for musculoskeletal disorders 
falls under a program development activity that 
acknowledges the relevance of key scientific and 
engineering disciplines that cut across the industry 
sectors. The program’s mission is to reduce the 
burden of work-related musculoskeletal disorders 
through research and prevention that protects 
workers, helps management mitigate related risks 
and liabilities, and helps practitioners improve the 
efficacy of workplace interventions.

Many collaborators have participated in the Mus-
culoskeletal Disorders (MSD) Cross-Sector Program 
over the past decade. About half of the divisions, 
labs, and offices within the Institute have received 
or collaborated on MSD-related research projects. 
Many NORA Sectors have made musculoskeletal 
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research a priority, including Construction, Health-
care, Manufacturing, Services, and Wholesale and 
Retail Trade. Federal agency collaborators have in-
cluded the Occupational Safety and Health Admin-
istration, the Department of Defense, the Veterans 
Administration, and the Transportation Security Ad-
ministration. State-level collaborators included the 
Washington State Department of Labor and Indus-
tries Safety and Health Achievement Recognition 
Program (SHARP), and the Ohio Bureau of Workers 
Compensation. Industry collaborators have includ-
ed General Motors, Navistar, Toyota, and Whirl-
pool. Union and labor collaborators include the 
Center to Protect Workers’ Rights, Laborers’ Inter-
national Union of North America, and the Associa-
tion of periOperative Registered Nurses (AORN). 
Academic partners have included the University of 
Cincinnati, The Ohio State University, West Virginia 
University, the University of Wisconsin—Milwaukee, 
the University of Utah, the University of Central 
Florida, and the University of South Florida. Inter-
national collaborators have come from Italy, Spain, 
South Korea, and other countries.

The focus of the Musculoskeletal Disorders Cross-
sector was redirected in June 2015 to address 

surveillance, effective ergonomic interventions, and 
communication dissemination strategic objectives. 
To that end, the MSD Cross-sector is collaborating 
with the NIOSH Center for Worker Compensa-
tion Studies, the NIOSH Economic Research and 
Support Office, and the Ohio Bureau of Workers 
Compensation.

In 2005, the Revised NIOSH Lifting Equation 
(RNLE) was found to be the ergonomic assess-
ment tool used most often (83.1%) by Certified 
Professional Ergonomists (CPE). This tool, created 
in the 1980s and revised in the 1990s, remains the 
most-successful ergonomic tool to address manual 
material-handling issues in the workplace. Col-
laborators from Spain and Italy have modified the 
analysis technique to allow for considering com-
posite and variable lifting tasks. The tool has been 
incorporated into ISO Standard 11228-1:2003—
Manual Handling—Part 1 [ISO 2003]. AORN used 
the revised lifting equation to develop ergonomic 
guidelines to address patient-lifting, or lifting parts 
of patients in surgery settings. Recently the revised 
lifting equation was modified to address the stress 
and strain on pregnant workers performing manual 
material-handling tasks.

Revised NIOSH Lifting Equation is Widely Used to Prevent Back Injury

Improper lifting is one of the 
leading causes of work-related 
back injury and a focus of NIOSH 
ergonomics research. Ergonom-
ics, the scientific study of fitting 
the workplace to the worker, helps 
prevent back and other injuries by 
designing tasks and work environ-
ments to fit employees’ physical 
capabilities and limitations. Using 
this approach, in the 1980s NIOSH 
developed the NIOSH Lifting Equa-
tion, a formula that calculates the 
risk of lifting a defined weight in a 
specific work environment. In 1994, 
NIOSH revised the equation with 
international collaborators, who 
helped adapt the Revised NIOSH 
Lifting Equation (RNLE) to include 
composite and variable lifting 

tasks. Recently, NIOSH modified 
the tool for pregnant workers.

The RNLE is the most successful 
ergonomic tool to address manual 
material-handling issues in the 
workplace.

The Association of periOperative 
Registered Nurses (AORN) used 
the RNLE to develop ergonomic 
guidelines addressing lifting pa-
tients in surgery. 

Most U.S. graduate programs in 
industrial ergonomics or occupa-
tional safety and health include the 
RNLE in their curriculums.

A recent literature review found 
that 23 of 28 studies compar-

ing risk-assessment methods for 
identifying low back pain found the 
RNLE useful in identifying the risk 
of low back pain in different work 
populations.

Details: “Evaluation of the Impact 
of the Revised National Institute 
for Occupational Safety and Health 
Lifting Equation” [Lu et al. 2013] 

http://dx.doi.org/10.1177/0018720815623894
http://dx.doi.org/10.1177/0018720815623894
http://dx.doi.org/10.1177/0018720815623894
http://dx.doi.org/10.1177/0018720815623894
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Other NIOSH MSD research has addressed expo-
sure to either hand-arm or whole-body vibration. 
Results were presented at the Sixth American Con-
ference on Human Vibration held in 2016. Several 
research projects with the Department of Defense 
have focused on using vibrating power tools, such 
as riveting tools and grinders.

Respiratory Diseases

Work-related respiratory diseases occur in all indus-
try sectors and can affect any part of the respira-
tory tract, from the nose to the deep lung. Disease 
onset can occur immediately after an exposure, or 
decades later. Work-related respiratory diseases are 
often chronic and can lead to disability or death.

The NIOSH Respiratory Diseases Research (RDR) 
Cross-sector Program works to provide national 
and international leadership to prevent work-
related respiratory diseases. The program fosters 
communication, collaboration, and coordination 
of efforts across the many disciplines and parts 
of NIOSH that work to achieve this goal. The 

program uses a scientific approach to gather and 
synthesize information, create knowledge, provide 
recommendations, and deliver products and ser-
vices to those who can impact prevention. Work-
ing with other NIOSH programs, the RDR Program 
has made essential contributions to occupational 
respiratory disease surveillance, basic research in 
determining how exposures cause disease, and a 
range of areas critical to disease prevention, such 
as epidemiology, exposure assessment, engineer-
ing controls, respiratory protection, training, and 
authoritative recommendations. The program 
provides unique national resources in the areas 
of lung-function testing and X-ray surveillance for 
lung disease.

The Respiratory Diseases Research Program has 
had useful and productive partnerships with intra-
mural and extramural partners. Intramural partners 
have represented multiple parts of NIOSH and 
CDC. Examples of extramural partners include la-
bor unions, industry, academia, government agen-
cies, and professional organizations.

NIOSH Identifies New Exposures for Irreversible Lung Disease

In the past decade, NIOSH re-
search found that flavoring-related 
lung disease, commonly called 
popcorn lung because of its as-
sociation with microwave-popcorn 
production, also occurs among 
workers in flavoring manufacturing 
and coffee processing. The oc-
cupational disease causes irrevers-
ible lung damage documented in 
some workers who have had lung 
biopsies due to obliterative bron-
chiolitis. Using lung-function test 
spirometry, NIOSH research identi-
fied several types of lung function 
abnormalities in affected workers, 
not just the obstructive abnormali-
ties originally described. Follow up 
of microwave popcorn production 
workers showed excess risk for dy-
ing from a category of lung disease 
potentially related to flavoring 
exposure. NIOSH investigations of 

the disease’s toxicological mecha-
nisms confirmed the causative role 
of the artificial flavoring diacetyl 
and showed that inhaling a similar 
chemical and diacetyl substitute 
called 2,3-pentanedione had simi-
lar toxic effects on lung function. 
Based on these studies, NIOSH 
recommended reducing exposures 
to diacetyl and 2,3-pentanedione 
to prevent flavoring-related lung 
disease. These recommenda-
tions were outlined in the NIOSH 
publication, Criteria for a Rec-
ommended Standard: Occupa-
tional Exposures to Diacetyl and 
2.3-Pentanedione.

NIOSH research motivated preven-
tion efforts in work settings and 
beyond:

 � California developed regula-
tions to protect workers.

 � The Occupational Safety and 
Health Administration en-
forced worker protections. 

 � The Food and Drug Adminis-
tration is examining the poten-
tial risk associated with flavor-
ings in electronic cigarettes.

Details: Flavorings-related Lung 
Disease

http://www.cdc.gov/niosh/topics/flavorings
http://www.cdc.gov/niosh/topics/flavorings
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A comprehensive review of the RDR Program by 
the National Academy of Sciences was conducted 
early in NORA’s second decade. Guidance about 
priorities for future work gleaned from the review 
was used to identify and focus on five highest 
priorities for the decade: occupational respira-
tory disease surveillance, digital chest radiogra-
phy, flavorings-related lung disease, work-related 
chronic obstructive pulmonary disease (COPD), and 
work-related asthma.

Occupational respiratory disease surveillance: 
Surveillance plays a critical role in setting priorities 
and tracking progress. Surveillance is especially 
challenging for occupational respiratory disease, 
which may occur long after causative exposures 
and is often attributed to causes other than work. 
RDR Program surveillance helped to motivate 
MSHA’s Respirable Coal Mine Dust Rule in 2014 
[Lowering miners’ exposure to respirable coal 
mine dust (CFR) 2014] and was cited by OSHA in 
its Silica Rule finalized in 2016 [OSHA 2016] and 
by stakeholders both in favor and opposed to the 
Silica Rule. The RDR Program has helped states de-
velop and report on the burden of pneumoconiosis 
and work-related asthma. The RDR Program also 
helped states communicate silicosis risk in workers 
employed in the engineered countertop industry, 
which led to recognizing the first U.S. case. Senti-
nel surveillance through the Health Hazard Evalu-
ations Program led to recognizing novel occupa-
tional respiratory diseases, such as flavoring-related 
lung diseases in new settings and indium-related 
lung diseases, including alveolar proteinosis. The 
RDR Program partnered with others in NIOSH to 
improve surveillance for work-related diseases by 
including analyzable industry and occupation infor-
mation in electronic health records. Inclusion has 
been presented for public comment by the Office 
of the National Coordinator for Health Information 
Technology.

Digital chest radiography: Early in the decade, 
digital chest radiography had almost entirely re-
placed analog film-based chest radiography in clini-
cal settings, but occupational screening programs 
continued to require outdated film technology. 
RDR Program research documented how digital 
chest radiography could be substituted without af-
fecting screening outcomes. Based on this research, 
the International Labour Organization  updated its 

system for classifying chest radiographs, and 
both NIOSH and the Department of Labor were 
able to update regulations to allow use of mod-
ern technology.

Flavorings-related lung disease—The RDR Pro-
gram identified this disease in microwave popcorn 
production workers during NORA’s first decade. In 
the second decade, flavorings-related lung disease 
was identified in new settings, including flavoring 
manufacturing and coffee processing. The spec-
trum of lung function abnormalities associated with 
the disease was widened from obstructive to re-
strictive, along with mixed patterns of impairment. 
Investigation of toxicological mechanisms con-
firmed the role of diacetyl and showed that inhaling 
related alpha-diketones also used as food flavor-
ings, such as 2,3-pentandione, had similar respira-
tory toxicity. The effectiveness of preventing illness 
through reducing exposure was documented. RDR 
Program research motivated prevention efforts by 
industry, California’s development of regulations to 
protect workers, and OSHA enforcement activities.

Work-related COPD—About 15 million people in 
the United States have chronic obstructive pul-
monary disease (COPD), with about 15% of cases 
attributable to work. Direct medical costs for work-
related COPD cases alone were about $4 billion 
in 2007. In part due to RDR Program research and 
surveillance, MSHA mandated periodic spirometry 
to screen coal miners for COPD, and OSHA man-
dated periodic spirometry to screen silica-exposed 
workers for COPD. Because of its critical role in 
identifying COPD, the RDR Program has focused 
much effort on improving the quality of spirometry. 
About 30 organizations offer RDR Program-certi-
fied spirometry courses with about 2,500 students 
completing training each year. RDR Program edu-
cational materials, such as the poster, “Get Valid 
Spirometry Results Every Time” [NIOSH 2011a], 
are popular, with more than 90,000 copies distrib-
uted worldwide, and manufacturers of spirometers 
including copies with their products. RDR Program 
research on using longitudinal spirometry for early 
recognition of COPD and other respiratory diseas-
es was used by the American Thoracic Society in its 
technical standards for occupational spirometry.

Work-related asthma—About 9.6 million adults 
in the United States have had an asthma attack in 



NORA Second Decade in Review: NIOSH Sector and Cross-Sector Program Supplement | 2006–2016 99

the previous 12 months, with about 15% of cases 
attributable to work. The direct medical costs for 
work-related asthma cases alone were about $2.3 
billion in 2007, with total costs much greater. RDR 
Program work calling attention to work-related 
asthma helped to motivate action by others. The 
U.S. Department of Health and Human Services 
(DHHS) adopted a Healthy People 2020 goal on 
adults with asthma, discussing work-relatedness 
with healthcare providers. States implemented 
a new surveillance measure on asthma caused 
or made worse by work. OSHA implemented a 
national emphasis program on isocyanates. RDR 
Program research contributed to acceptance that 
indoor dampness and mold is a risk factor not only 
for making asthma worse, but also for developing 
new asthma. RDR Program research has improved 
understanding of how isocyanate-induced asthma 
occurs and led to developing monoclonal anti-iso-
cyanate monoclonal antibodies, which are promis-
ing tools for biomarker development.

Traumatic Injury 

Traumatic injuries have always plagued work-
ers. Today, work-related injury and death from 
traumatic injuries resulting from such things as 
workplace violence, falls, contact with indus-
trial objects and equipment, and motor-vehicle 
crashes continue to claim lives, damage physical 
and psychological well-being, and consume the 
resources of workers and their families. In order 
to prevent traumatic occupational injuries among 
the entire U.S. workforce, NIOSH has a focused 
program of surveillance, high-quality research, and 
effective translation through collaboration, and 
practical prevention measures. Research priorities 
of the Traumatic Injury (TRI) Cross-sector Program 
are driven by available injury and fatality data. TRI 
Program research and prevention efforts target 
sectors with high risk of traumatic injuries, includ-
ing agriculture, construction, and transportation. 
Priority areas address increasing surveillance to 
guide research and prevention; reducing traumatic 
injuries from falls, motor-vehicle incidents, work-
place violence, industrial machines, and vehicles; 
and better understanding the risks and injuries 
occurring among high risk and vulnerable workers. 
The program uses a traditional public health model 
as its research framework involving surveillance, 

risk-factor identification, prevention strategy and 
technology development, intervention evaluation, 
and information dissemination to its audience.

The Traumatic Injury Cross-Sector Program works 
to reduce the incidence of traumatic occupational 
injuries and deaths through a focused program 
of surveillance, research, and prevention. The 
program is directed by a multidisciplinary steer-
ing committee with members from most NIOSH 
research divisions and the Office of Extramural 
Programs, ensuring that the program is reflective of 
the breadth and richness of NIOSH expertise, and 
encompasses extramural research. The program 
has strong working relationships and overlapping 
goals with NIOSH sector-based programs that have 
high injury rates (such as Mining, Agriculture, and 
Construction). The steering committee revised the 
program’s strategic goals in May 2014, after review 
and input from extramural researchers, profes-
sional associations, worker safety organizations, 
and government agencies. Partnerships range from 
the programmatic to the individual project level. 
Partners include federal agencies, state surveillance 
programs, unions, trade organizations, private-
sector manufacturers, individual employers, re-
search organizations, and professional associations. 
In NORA’s second decade, the program and its 
partners cosponsored three National Occupational 
Injury Research Symposia to bring intramural and 
extramural researchers together to present their 
latest research studies, methods, and findings; and 
to network and develop research collaborations.

Partnerships have been critical in ensuring the 
relevance of the program’s research, and in trans-
lating that research into practice. The program 
looks forward to expanding its partnership base in 
the next decade and continuing to advance worker 
safety through impactful science.

The program has made progress on each of its six 
strategic goals, and it has many examples of re-
search being translated into practice for improved 
worker safety. Noteworthy examples include the 
following:

 � The NIOSH Ladder Safety smartphone app, 
the first of its kind within NIOSH, was down-
loaded more than 96,000 times through 
August 2016. The app incorporates NIOSH 
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science and a patented device to quickly estab-
lish a safe ladder angle. (Strategic goals: Fall 
Prevention, High-risk and Vulnerable Workers). 

 � The program has partnered with federal agen-
cies, including the Department for Homeland 
Security, along with private sector partners, to 
develop science-based standards to improve 
the crashworthiness of ambulances. (Strategic 
goals: Motor Vehicle Safety, and High-risk and 
Vulnerable Workers)

 � Nearly 20,000 healthcare professionals com-
pleted the free NIOSH online violence preven-
tion course for nurses through August 2016. 
This course, developed in partnership with 
extramural researchers and federal partners, 
built upon previous research illustrating that 
nurses were infrequently trained on their risk 
for workplace violence and prevention mea-
sures. (Strategic goals: Workplace Violence 
Prevention, High-risk and Vulnerable Workers)

 � The webpage with NIOSH-designed Cost-
effective Rollover Protective Structure (CROPS) 
designs for tractors has been visited nearly 
20,000 times through June 2016. These de-
signs can be used by manufacturers or by 
individual farmers to retrofit older tractors 
with life-saving Rollover Protective Structures 

(ROPS) that are less expensive than those 
available from manufacturers and dealers. The 
CROPS designs and website complement ef-
forts by NIOSH-supported agricultural centers 
to increase the use of ROPS on tractors. (Stra-
tegic goals: Machine and Industrial Vehicle 
Safety, High-risk and Vulnerable Workers)

 � Fire fighter research activities, including fatality 
investigations and collection of anthropometric 
data, led to changes in consensus standards 
for Self-Contained Breathing Apparatus, build-
ing codes to mark homes using manufactured 
trusses, municipal ordinances to mark hazard-
ous structures, and seat belt designs to better 
accommodate fire fighters in gear (Strategic 
goals: Surveillance, High-risk and Vulnerable 
Workers) 

Along with the impacts identified above, the num-
ber of visits to program webpages demonstrates 
widespread use of research by stakeholders. In 
2015, more than 787,000 such visits occurred.

Partnerships have been critical to ensuring the 
relevance of the program’s research, and also to 
translating that research into practice. The program 
looks forward to expanding its partnership base in 
the next decade and continuing to advance worker 
safety through impactful science.

Ladder App Has Far-Reaching Effects

In many workplaces, falls are a 
persistent hazard, and one of the 
main causes is improper ladder 
use. More than 600 workers died 
and nearly 213,000 suffered critical 
injuries from falls, according to 
2009 data from the U.S. Bureau of 
Labor Statistics.

To help workers use extension lad-
ders more safely, NIOSH released 
its first smartphone app in 2013. 
With more than 96,000 downloads 
since then, the Ladder Safety App 
continues to help improve the 
safety of workers using extension 
ladders. The app incorporates 
NIOSH science and patented 
technology to quickly establish a 

safe ladder angle. Along with this 
ladder-positioning tool, the Ladder 
Safety app contains general ladder 
safety, inspection, and selection 
guidelines, as well as accessory 
information. In 2015, the app ex-
tended to include safety informa-
tion for stepladder users. Based 
on existing ladder-safety standards 
and regulations, the new steplad-
der module provides easy-to-use, 
graphic-oriented safety tools, 
checklists, and guidelines. The Lad-
der Safety app is available free, in 
English or Spanish, for Apple and 
Android smartphones.

Since its release in 2013, the 
Ladder Safety app has helped 

thousands of users set up and use 
extension ladders more safely to 
prevent falls.

Details: Falls in the Workplace

Photo by NIOSH

http://www.cdc.gov/niosh/topics/falls
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Work Organization and Stress-Related Disorders 

Work organization and job stress are growing 
concerns in all industries. Job stress results from 
poor work organization, such as when job demands 
outweigh the capabilities, resources, or needs of 
workers. Research has linked stress at work to lost 
productivity, workplace injury, and serious health 
outcomes, such as depression and heart disease. 
A steering committee representing NIOSH divi-
sions and offices guides the Work Organization 
and Stress-Related Disorders (WSD) Cross-sector 
Program. The program promotes safety and pro-
tects worker health. This is done through research 
to understand work organization risk and protec-
tive factors related to stress, illness, and injury in 
the workplace. The program encompasses a wide 
range of research, which includes exploring how 
changing organizational practices influence risk fac-
tors for job stress and other hazardous exposures; 
understanding how workplace stress contributes 
to illness, injury, and disease development at work; 
identifying effective multilevel intervention strate-
gies to prevent stress at work; understanding the 
socioeconomic cost and burden of job stress; de-
veloping improved methods and tools for job stress 
research; and investigating stress in understudied 
populations.

The structure of NORA’s second decade brought 
the Work Organization and Stress Disorders (WSD) 
Program together. Because of this new structure, 
the program was able to develop a healthy network 
of internal and external partners and accomplish a 
variety of high-quality activities that brought vis-
ibility to work organization and stress science, and 
it facilitated knowledge transfer to a diverse stake-
holder audience. 

During NORA’s second decade, the WSD Pro-
gram worked with NIOSH DLOs and other NIOSH 
Cross-sector Programs. External partners included 
academia, professional associations, research 
organizations, organized labor, and other govern-
ment entities, as well as international partners. 

Further program activities during the decade are 
listed below.

 � Conferences—Work, Stress, and Health (WSH) 
2006, 2008, 2009, 2011, 2013, 2015 (see 
Work, Stress, and Health 2017: Contemporary 

Challenges and Opportunities); WSD-organized 
sessions of NIOSH research program posters 
for WSH 2008, 2009, 2011, 2013, 2015. 

 � NIOSH web-based outputs—Workplace Safe-
ty and Women Podcast (2009); Work Organi-
zation Measures Inventory (2008); Violence 
Against Nurses Training (2013); Emergency 
Responder Long Work Hours Training (2014); 
Shift Work and Long Work Hours for Nurses 
Training (2015).

 � External webinars—Intervening for Work Stress 
(cosponsored with TWH, 2014) [Hammer and 
Ganster 2014].

 � Internal seminars—Occupational Stress Re-
search (2007); Work Organization and Health 
(2007); Safety Engagement and Occupational 
Safety and Health (2010); Occupational Health 
Psychology (2012); Canadian Mental Health 
Standard (2014); NIOSH Science Forum on 
stress (2014).

 � Social media—regular activity on LinkedIn 
group and Twitter feed (2013 to present); U.S. 
News Twitter Chat on Sleep Health expert 
participant [Haupt 2013]; Total Worker Health® 
Twitter Chat on Stress expert participant 
(2013).

NIOSH Science Blog Articles—Workplace Stress 

(2007); Police and Stress (2008); Horrible Bosses: 
Workplace Violence in the Real World (2011); Sleep 
and Work (2012); NIOSH Research on Work Sched-
ules and Work-related Sleep Loss (2012); Stress and 
Health in Law Enforcement (2012); Women’s Health 
at Work (2013); Intervening for Work Stress (2014); 
What Works Best to Prevent Stress Among Health-
care Workers: Changing the Organization or Edu-
cating Staff? (2014); Work, Stress, and Health: Help 
Us Plan the Next 25 Years (2015).

 � National surveillance—General Social Survey 
modules, Quality of WorkLife Questionnaire 

(2002, 2006, 2010, 2014); Violence in the 
Workplace (2004, 2012).

 � Refereed publications—More than 100 
journal articles and NIOSH-numbered pub-
lications; program-based article in Society 
for Occupational Health Psychology (SOHP) 
newsletter (2010).

 � Working groups and meetings—NIOSH/Labor 
meeting (2007); WSD Stakeholders meeting 

http://www.apa.org/wsh
http://www.apa.org/wsh
https://www2c.cdc.gov/podcasts/player.asp?f=11503
https://www2c.cdc.gov/podcasts/player.asp?f=11503
http://www.cdc.gov/niosh/programs/workorg/other.html
http://www.cdc.gov/niosh/programs/workorg/other.html
http://www.cdc.gov/niosh/topics/violence/training_nurses.html
http://www.cdc.gov/niosh/topics/violence/training_nurses.html
http://www.cdc.gov/niosh/updates/upd-12-03-2014.html
http://www.cdc.gov/niosh/updates/upd-12-03-2014.html
http://health.usnews.com/health-news/health-wellness/articles/2013/08/28/us-news-twitter-chat-on-sleep-health
http://health.usnews.com/health-news/health-wellness/articles/2013/08/28/us-news-twitter-chat-on-sleep-health
https://twitter.com/niosh_twh
https://twitter.com/niosh_twh
http://blogs.cdc.gov/niosh-science-blog/2007/12/03/stress/
http://blogs.cdc.gov/niosh-science-blog/2008/06/30/police/
http://blogs.cdc.gov/niosh-science-blog/2011/07/18/violence/
http://blogs.cdc.gov/niosh-science-blog/2011/07/18/violence/
http://blogs.cdc.gov/niosh-science-blog/2012/03/08/sleep-and-work/
http://blogs.cdc.gov/niosh-science-blog/2012/03/08/sleep-and-work/
http://blogs.cdc.gov/niosh-science-blog/2012/03/09/sleep/
http://blogs.cdc.gov/niosh-science-blog/2012/03/09/sleep/
http://blogs.cdc.gov/niosh-science-blog/2012/08/13/policestress/
http://blogs.cdc.gov/niosh-science-blog/2012/08/13/policestress/
http://blogs.cdc.gov/niosh-science-blog/2013/05/13/womens-health-at-work/
http://blogs.cdc.gov/niosh-science-blog/2013/05/13/womens-health-at-work/
http://blogs.cdc.gov/niosh-science-blog/2014/11/17/stress-webinar/
http://blogs.cdc.gov/niosh-science-blog/2014/12/11/hc-stress/
http://blogs.cdc.gov/niosh-science-blog/2014/12/11/hc-stress/
http://blogs.cdc.gov/niosh-science-blog/2014/12/11/hc-stress/
http://blogs.cdc.gov/niosh-science-blog/2015/07/01/workplace-stress/
http://blogs.cdc.gov/niosh-science-blog/2015/07/01/workplace-stress/
http://www.cdc.gov/niosh/topics/stress/qwlquest.html
http://gss.norc.org/
http://gss.norc.org/
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(2008); NIOSH Safety Climate Working Group 
(2013 to present).

 � In-process activities (through end of decade)—
editing book from Work, Stress, and Health 
2015 conference; updating “Stress … at 
Work” [NIOSH 1999a]; preparing for Quality of 
WorkLife 2018 module.

Authoritative Recommendations 

External stakeholders within industry, labor, pro-
fessional associations, and other government 
agencies use NIOSH recommendations to protect 
workers from injury, illness and death. Functions 
of the NIOSH Authoritative Recommendations 
(AUR) Cross-sector Program include scientifically 
assessing workplace risks and hazards; developing, 
disseminating and evaluating recommendations; 
providing responses to other government agencies 
on issues of rule-making that may affect workers; 
and managing the NIOSH respirator certification 
program. NIOSH develops several types of au-
thoritative recommendations. The most recognized 
include recommended exposure limits, immediately 
dangerous to life or health (IDLH) values and 

respirator certifications. NIOSH bases its recom-
mendations on comprehensive evaluations of avail-
able scientific data, which might include exposure-
response modeling or quantitative risk assessment. 

The Authoritative Recommendations Program of 
the NIOSH Program Portfolio includes activities 
involved in the scientific assessment, development, 
dissemination, and diffusion of NIOSH authorita-
tive recommendations for assuring safe and healthy 
working conditions for all workers. The Authorita-
tive Recommendations Program coordinates and 
facilitates developing and disseminating NIOSH 
occupational safety and health guidance. The 
priorities of the program are driven by OSHA and 
MSHA requests, the stated goals of the sector and 
cross-sector programs, and requests from labor and 
industry partners. These recommendations cross all 
industry sectors, all occupations, and encompass 
occupational hazards faced by all workers. External 
partners include those agencies and organizations 
that are either recipients, influenced by, or other-
wise impacted by NIOSH authoritative recommen-
dations focused on occupational safety and health. 
Among these partners are the following:

NIOSH Addresses Workplace Stress through Research and Education

Stress—the “health epidemic of 
the 21st century,” according to 
the World Health Organization—is 
a primary focus of research and 
education at NIOSH. Drawing from 
national surveillance data from the 
NIOSH Quality of WorkLife Ques-
tionnaire, administered in 2006, 
2010, and 2014, NIOSH research-
ers coauthored more than 100 
peer-reviewed publications and 
webpages addressing job stress. 
They also cosponsored six inter-
national conferences on work-
place stress, which brought global 
experts together to share critical 
research and identify emerging pri-
orities for stress science. To reach 
both technical and lay audiences, 
researchers disseminated research 
findings and evidence-based 

recommendations through social 
media, blogs, podcasts, webinars, 
and online training modules.

To date, more than 16,000 nurses 
and nurse managers have accessed 
the NIOSH Training for Nurses on 
Shift Work and Long Work Hours 
[NIOSH 2015c] via computer or 
mobile device. NIOSH investiga-
tions of job stressors for older 
workers helped spur the develop-
ment of NIOSH’s National Center 
for Productive Aging and Work, 
which actively engages in collab-
orative, age-related research and 
develops resources to promote and 
facilitate aging-friendly workplaces. 
Collectively, the stress-related 
articles posted on the NIOSH 
Science Blog received more than 

38,000 views since 2011. NIOSH 
topic pages on stress have received 
nearly 300,000 views since 2010, 
and the Stress at Work topic page 
continues to be a popular pub-
lic resource, receiving more than 
23,000 views in 2015 alone. 

Details: Stress at Work, and Pro-
ductive Aging and Work

Photo by Thinkstock

http://www.cdc.gov/niosh/topics/stress/default.html
http://www.cdc.gov/niosh/topics/stress
http://www.cdc.gov/niosh/topics/productiveaging/ncpaw.html
http://www.cdc.gov/niosh/topics/productiveaging/ncpaw.html
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 � Occupational Safety and Health Administration 
(OSHA) and Mine Safety and Health Adminis-
tration (MSHA), Department of Labor (DOL)

 � Environmental Protection Agency (EPA)

 � World Health Organization (WHO)

 � American Industrial Hygiene Association (AIHA)

 � Representatives from organized labor and 
industry groups

 � Academic research institutions.

The Authoritative Recommendations Program fo-
cuses on providing guidance through the following 
priority goal activities:

 � Developing 10 manuscripts with NIOSH and 
stakeholder authors for a dedicated peer-
reviewed journal that addresses the state-
of-the-science of risk assessment and occu-
pational hygiene as it impacts occupational 
exposure limits.

 � Partnering with AIHA, OSHA, and others to 
develop and promote a strategy with guidance 
for performing health-hazard banding to as-
sess chemical hazards.

 � Assessing and establishing a policy for clas-
sifying chemical hazards as occupational car-
cinogens and setting exposure limits for these 
hazards.

For the 5-year period from 2006 through 2011, 
on average 12 Federal Register notices were 
published per year in which other agencies cited 
NIOSH recommendations and guidance. 

 � In FY2011, other agencies cited NIOSH recom-
mendations and guidance in 21 Federal Regis-
ter notices. 

 � In FY2012, other agencies cited NIOSH recom-
mendations and guidance in 23 Federal Regis-
ter notices.

 � In FY2013, other agencies cited NIOSH recom-
mendations and guidance in 16 Federal Regis-
ter notices.

 � In FY2014, NIOSH had 33 policy response 
activities; NIOSH recommendations were 
used by 23 agencies such as OSHA, EPA, 
and MSHA.

 � In FY2015, NIOSH had 42 policy response 
activities through June 2015; NIOSH recom-

Authoritative Recommendations Help Assure a Safe, Healthy Workplace

At NIOSH, assuring safe and 
healthy working conditions for all 
workers depends, in part, upon the 
Authoritative Recommendations 
Program. Through this program, 
NIOSH publishes guidance for 
workplace safety and health based 
on current research findings. This 
guidance helps inform policy mak-
ers, occupational safety and health 
professionals, employers, and 
workers about how to stay safe and 
healthy on the job.

In fiscal year 2014, NIOSH par-
ticipated in 33 activities related 
to policy response, typically by 
commenting and providing recom-
mendations on other agencies’ 
proposed regulations or giving 
testimony in public rulemaking 
hearings. NIOSH recommendations 

informed 23 agencies, includ-
ing the Occupational Safety and 
Health Administration (OSHA), the 
Environmental Protection Agency 
(EPA), and the Mine Safety and 
Health Administration (MSHA). 
The following year, these numbers 
increased, with NIOSH provid-
ing recommendations that agen-
cies used in at least 25 instances. 
Overall, NIOSH participated in 42 
policy-response activities.

NIOSH also established the scien-
tific basis for describing the effects 
of specific chemical exposures 
in the workplace as Immediately 
Dangerous to Life or Health (IDLH) 
values. This work now paves the 
way for NIOSH researchers to 
develop IDLH values for additional 
chemicals.

Details: Current Intelligence Bul-
letin 66: Derivation of Immediately 
Dangerous to Life or Health (IDLH) 
Values

Derivation of Immediately Dangerous 
to Life or Health (IDLH) Values

CURRENT  INTELLIGENCE  BULLETIN  66

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
Centers for Disease Control and Prevention 
National Institute for Occupational Safety and Health

http://www.cdc.gov/niosh/docs/2014-100/
http://www.cdc.gov/niosh/docs/2014-100/
http://www.cdc.gov/niosh/docs/2014-100/
http://www.cdc.gov/niosh/docs/2014-100/
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mendations were cited or used in at least 25 
instances by agencies and institutes, such as 
OSHA, EPA, and MSHA.

Since 1998, NIOSH has developed publications 
with authoritative recommendations and guidance, 
including recommended exposure limits (RELs), on 
a variety of hazardous workplace exposures. Ex-
amples of these include the following:

 � Criteria for a Recommended Standard:  
Occupational Exposure to Metalworking 
Fluids (1998)

 � NIOSH Hazard Review: Carbonless Copy Pa-
per (2001)

 � NIOSH Hazard Review: Health Effects of Oc-
cupational Exposure to Respirable Crystalline 
Silica (2002)

 � Criteria for a Recommended Standard: Oc-
cupational Exposure to Refractory Ceramic 
Fibers (2006)

 � Current Intelligence Bulletin 62: Asbestos 
Fibers and Other Elongate Mineral Particles: 
State of the Science and Roadmap for Re-
search (Revised April 2011)

 � Current Intelligence Bulletin 63: Occupational 
Exposure to Titanium Dioxide (2011)

 � Current Intelligence Bulletin 65: Occupational 
Exposure to Carbon Nanotubes and Nanofi-
bers (2013)

 � Criteria for a Recommended Standard:  
Occupational Exposure to Hexavalent  
Chromium (2013)

NIOSH has also developed publications that es-
tablish the scientific basis for deriving skin nota-
tion profiles and Immediately Dangerous to Life or 
Health (IDLH) values for specific chemical hazards 
in the workplace. Subsequently, NIOSH is develop-
ing skin notation profiles and IDLH values for more 
than 150 chemicals, each using the guidance and 
strategies described in the following publications:

 � Current Intelligence Bulletin 61: A Strategy for 
Assigning New NIOSH Skin Notations (2009)

 � Current Intelligence Bulletin 66: Derivation 
of Immediately Dangerous to Life or Health 
(IDLH) Values (2014)

Along with the IDLH values and skin notation 
profiles, NIOSH continues to assess workplace 

hazards and develop guidance in the form of cri-
teria documents, current intelligence bulletins, haz-
ard reviews, and NIOSH Alert publications. Among 
the specific topics NIOSH is evaluating, with the 
intent of developing guidance in the form of these 
publications, are occupational exposure to heat 
and hot environments; diacetyl and 2,3-pentane-
dione; 1-bromopropane; toluene diisocyanates; 
glutaraldehyde; diethanolamine; and manganese in 
welding fume. 

Economics 

Applying economics in occupational safety and 
health gives a framework to identify economic inef-
ficiencies associated with poor safety and health, 
and it points to prevention opportunities with the 
greatest impact and value. NIOSH studies econom-
ic factors influencing the incidence and severity of 
work-related injury or illness. Also researched are 
the costs of injury and illness for workers, employ-
ers, and society overall. This work gives guidance 
for how to best allocate limited resources in occu-
pational safety and health. Priority research ef-
forts for the NIOSH Economics (ECN) Cross-sector 
Program include studying economic factors that 
may affect work organization and in turn affect 
injury or illness rates, estimating the economic 
impact of injury and illness on small businesses, and 
understanding how injuries and illnesses that are 
only partially paid—or missed entirely—by workers’ 
compensation contribute to the cost of programs, 
such as short-term disability and group medical 
insurance. 

Internal partners included a core team of doctoral-
level economists, as well others with an interest 
in economics. These included those who focus on 
workers’ compensation, work organization and 
stress, musculoskeletal disorders, surveillance, 
occupational health disparities, and total worker 
health. Some sector partners included economists 
in their steering committees or requested techni-
cal assistance from economists. External partners 
included economists from other parts of CDC and 
other government agencies, as well as stakeholders 
from academia, workers’ compensation insurance 
and professional organizations, and the private 
sector. Many external partners take interest in eco-
nomic factors that affect the incidence and severity 

http://www.cdc.gov/niosh/docs/98-102/default.html
http://www.cdc.gov/niosh/docs/98-102/default.html
http://www.cdc.gov/niosh/docs/98-102/default.html
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of worker injury and illness, the broad economic 
consequences of worker injury and illness, and the 
value of prevention.

In the second NORA decade, the ECN Program 
expanded from just addressing the economic and 
social consequences of occupational injury and ill-
ness to also addressing economic factors affecting 
worker injury and illness. The more holistic ap-
proach to worker injury and illness adopted in the 
second NORA decade also helped to expand the 
program’s focus. An example of how this benefited 
understanding of worker safety and health was the 
overwhelmingly positive stakeholder response to 
the program’s work on paid sick leave. 

Examples of the program’s contributions include 
published research on important policy areas, such 
as the effect of paid sick leave on the incidence of 
occupational injury, the effect of workplace bully-
ing on absenteeism and health-related quality of 
life, and the often-neglected additional burden of 
occupational injury on injured workers and their 
family members. This burden manifests as comor-
bidities suffered by injured workers, and increased 
hospitalizations and musculoskeletal disorders suf-
fered by family members. Research has also stud-
ied how to use group health insurance claims to 
help assess the burden of worker injury and illness. 
As it moves science into practice, the program is 
completing its findings, based on applied research 

conducted directly with employers in the sectors, 
on the business value of specific safety and health 
interventions. Descriptions of these activities are 
also available through the program’s website. The 
increasing importance of economics for NIOSH 
and its stakeholders was recognized when NIOSH 
established the Economics Research and Support 
Office (ERSO) in the Office of the NIOSH Director 
in October 2014. ERSO serves as central focus for 
economic research, analysis, and support for all 
NIOSH divisions, laboratories, and offices (DLO). 
Along with addressing program goals, ERSO 
activities include evaluating the economic impact 
of NIOSH programs and recommendations, sup-
porting division, lab, or office program and project 
activities, and developing training materials and 
training to promote using economic metrics.

Emergency Preparedness and Response 

Along with their routine work duties, emergency 
responders face more hazards when they respond 
to disasters or novel events, such as infectious 
disease outbreaks, natural disasters, major hazard-
ous materials emergencies, and terrorism response. 
Sometimes significant health consequences of 
other potential hazards are not well understood at 
the time of an event, such as in terrorist attacks in-
volving biological or chemical weapons. Emergency 
response work includes activities involving search, 
rescue, recovery, cleanup, and restoration. It is 

Making the Case for Paid Sick Leave

Improving our understanding of 
how economic factors, manage-
ment strategies, and demographic 
trends affect worker safety and 
health will help the private and 
public sectors identify workplaces 
where these conditions need to be 
altered or their effects mitigated. 

In 2012, a pioneering NIOSH study 
reported that workers with access 
to paid sick leave were 28% less 
likely to suffer nonfatal occupa-
tional injuries than workers without 
access to paid sick leave. These 

findings suggest that giving em-
ployees paid sick leave might help 
employers reduce the incidence 
and, subsequently, the cost, of oc-
cupational injuries. Paid sick leave 
can also decrease other risks and 
costs related to sick workers, such 
as spread of contagious diseases 
to coworkers. Despite the poten-
tial benefits for employers offering 
paid sick leave, 43% of American 
private-sector workers reported 
not having access to this fringe 
benefit during the study period. 
The findings were disseminated 

and reported widely, including 
major media coverage in the New 
York Times and other news outlets. 

Details: Making the Case for Paid 
Sick Leave

Photo by Thinkstock
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carried out, for example, by individuals from emer-
gency management, fire services, law enforcement, 
emergency medical services, public health, con-
struction and other skilled support, disaster relief, 
mental health, and volunteer organizations. The 
NIOSH Emergency Preparedness and Response 
(EPR) Cross-sector Program was developed to 
advance research and collaborations to protect the 
safety and health of emergency-response providers 
and recovery workers. The current research priori-
ties of this program are based on lessons learned 
from past disaster responses, feedback received 
from government and nongovernment stakehold-
ers during a public meeting held by NIOSH, and 
from a Federal Register Notice Request for In-
formation. Priority areas address safety climate, 
personal protective equipment, surveillance, hazard 
characterization, technological interventions and 
engineering controls, environmental microbiology, 
and biological monitoring of terrorism agents. 

Engineering Controls 
Engineering control of work-related hazards is a 
continually developing field because of changes 
in the workplace. Engineering controls are used to 
remove workplace hazards or lessen the negative 

effective of exposure to them. In recent years, 
the emerging threat of terrorism has blurred the 
line between controls to protect workers and 
controls to protect public health. During NORA’s 
second decade, research on engineering controls 
was conducted by NIOSH programs that include 
Construction, Healthcare and Social Assistance, 
Hearing Loss, Manufacturing, Mining, Nanotech-
nology, Prevention through Design, and Services. 
Traditionally, a hierarchy of controls has been used 
as a way to determine how to implement feasible 
and effective control solutions. Efforts of the 
Engineering Controls (ENG) Cross-sector Program 
include promoting, planning, and conducting re-
search on engineering control technology; provid-
ing expertise in formulating effective and credible 
workplace standards; and consulting on how to 
apply effective control solutions and techniques to 
prevent hazards. Efforts may also include provid-
ing resources and information necessary to pro-
tect the safety and health of workers during public 
health emergency-response activities. Regulatory 
agencies, such as OSHA, use NIOSH engineering 
control research for their regulatory and enforce-
ment activities. 

Protecting Workers Who Protect Us: Emergency Responder Health  
Monitoring and Surveillance System

During a disaster or novel event, 
we depend on emergency re-
sponders to protect our health and 
safety. At the same time, emergen-
cy responders also need protection 
from the health and safety hazards 
that they may encounter in the line 
of duty. To provide a framework for 
protecting the health and safety 
of first responders, NIOSH worked 
with the U.S. National Response 
Team (NRT), other federal agen-
cies, state health departments, 
labor unions, and volunteer 
emergency-responder groups to 
develop the Emergency Responder 
Health Monitoring and Surveil-
lance (ERHMS) System. Based on 
observations of health effects in 

first responders to the attacks of 
September 11, 2001, ERHMS pro-
vides a framework and useful tools 
to guide organizations on how to 
protect responders before, during, 
and after an emergency.

Although a NIOSH publication, 
“Emergency Responder Health 
Monitoring and Surveillance:  NRT 
Technical Assistance Document” 
was still under development, many 
ERHMS concepts were implement-
ed to inform measures to reduce 
the risk for injury and illness to 
responders and volunteers dur-
ing response and clean-up efforts 
stemming from the 2010 Deepwa-
ter Horizon oil spill in the Gulf of 
Mexico. Since then, the National 

Response Team adopted the pub-
lication as a Technical Assistance 
Document. NIOSH continues to 
work closely with CDC to imple-
ment aspects of the document to 
prepare CDC staff to respond to 
emergencies, including Ebola.

Details: Emergency Responder 
Health Monitoring and Surveil-
lance (ERHMS) 
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The ENG Program has involved intramural partici-
pants from nearly all divisions at NIOSH. The pro-
gram has supported projects involving extramural 
participants from labor, industry, government, aca-
demia, and many industry and trade associations.

Highlights of the ENG cross-sector’s activities and 
outcomes are listed below.

 � A priority goal of the ENG Program was 
promoting engineering controls for silica. The 
Silica/Asphalt Milling Machine Partnership 
was a highlight of ENG cross-sector activities 
and addressed goals of controlling silica dust 
exposures. Because of this project, all United 
States and foreign milling machine manufac-
turers that sell pavement-milling machines to 
the U.S. market signed letters certifying that 
they will have NIOSH-evaluated silica engi-
neering controls on all new milling machines 
by January 2017. The top two manufactur-
ers, covering 80% of the U.S. market, started 
putting engineering controls for silica dust on 
new milling machines in 2014, 3 years ahead of 
the 2017 agreed-upon deadline. The research 
met several cross-sector goals and resulted 
in a publication, Control Worker Exposure to 
Respirable Crystalline Silica During Asphalt 
Pavement Milling.

 � OSHA and NIOSH issued a Hazard Alert, 
“Worker Exposure to Silica during Countertop 
Manufacturing, Finishing and Installation.” It 
contained recommended steps for assessing 
and controlling worker exposure to silica dust. 

 � Another NIOSH engineering control silica proj-
ect found that connecting a regular shop vac-
uum to a dust-collecting circular saw reduces 
silica dust by 80% when cutting fiber-cement 
siding. This research meets ENG Program silica 
goals. The findings and recommendations 
were published in a NIOSH Workplace Solu-
tions publication, “Reducing Hazardous Dust 
Exposure When Cutting Fiber-Cement Siding.” 

 � A recent NIOSH publication addresses ENG 
Program goals to control exposures to diacetyl 
using best practices for engineering controls 
recommended by NIOSH. The publication, 
published in 2015, is “Best Practices: Engi-
neering Controls, Work Practices, and Expo-
sure Monitoring for Occupational Exposures to 
Diacetyl and 2,3-Pentanedione.” 

 � Engineering control research on methylene 
chloride hazards for bathtub refinishers result-
ed in a NIOSH and OSHA joint Hazard Alert, 
“Methylene Chloride Hazards for Bathtub 
Refinishers.” 

Manufacturers Adopt Dust Controls for New Asphalt Cold Milling Machines 

In 2014, nearly 300,000 U.S. em-
ployees worked in highway, street, 
and bridge construction—many 
on pavement milling tasks that can 
release airborne dust containing 
respirable crystalline silica. Oc-
cupational exposures to silica dust 
are associated with risks for serious 
lung diseases, including silicosis 
and cancer. 

To protect these workers, NIOSH 
worked with partners to modify 
asphalt cold milling machines, 
which workers use to grind pave-
ment for recycling. Led by the 
National Asphalt Pavement As-
sociation (NAPA), the decade-long 

partnership of private contractors, 
unions, and government agencies 
developed dust controls to limit 
silica dust to levels that are below 
recommended limits.

All manufacturers selling asphalt 
cold milling machines in the United 
States made a commitment that all 
new milling machines will, by 2017, 
have dust controls to maintain silica 
hazards at levels below occupa-
tional exposure limits. 

Details: Best Practice Engineer-
ing Control Guidelines to Control 
Worker Exposure to Respirable 
Crystalline Silica During Asphalt 
Pavement Milling. 

B E S T  P R A C T I C E  E N G I N E E R I N G  C O N T R O L  G U I D E L I N E S  T O  

Control Worker Exposure to Respirable Crystalline Silica  
during Asphalt Pavement Milling
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 � An OSHA-NIOSH Hazard Alert, “Worker Expo-
sure to Silica during Hydraulic Fracturing,” was is-
sued and a patent is pending on a NIOSH mini 
bag-house design to control silica dust during 
hydraulic fracturing. The engineering control is 
in the final stages of development and testing .  

 � A publication on engineering controls for 
nanomaterial production and downstream 
handling processes, Nanomaterial Production 
and Downstream Handling Processes, was 
published as a result of a project funded by 
the ENG Program. The publication has been 
widely used by nanomaterial manufacturers to 
develop and implement engineering controls 
at U.S. nanomaterial manufacturing facilities. 

 � The ENG Program has developed commercial-
ized engineering controls for noise in mining. 
For example, the dual sprocket chain for the 
continuous mining machine and drill bit isola-
tor are both commercially available and used 
in the field.

 � The first NIOSH smartphone application, Lad-
der Safety, offers a set of tools to help with 
using extension ladders safely. The app was 
downloaded more than 96,000 times by the 
end of August 2016.

 � The NIOSH guardrail system developed by DSR 
researchers is now commercially available, and 
in two separate occasions it has prevented a 
worker from falling 20 feet to concrete surfaces. 

 � The NIOSH Health Hazard Evaluation (HHE) 
Program conducted five HHEs on electric and 
magnetic field exposures in the workplace. 
Two of these HHE reports evaluated the 
National Institute of Standards and Technol-
ogy’s atomic clock signal projection and relay 
systems and provided recommendations to 
reduce worker exposures. Collaborative efforts 
between NIOSH and the Center for Construc-
tion Research and Training (CPWR) continued 
throughout the decade, resulting in the annual 
CPWR/NIOSH Engineering Controls in Con-
struction Workshop. These workshops spurred 
new research and helped disseminate other 
research findings. 

Exposure Assessment 

The workplace can present many health hazards 
and exposures that can lead to illnesses and injuries 
that cause disability, death, and immense costs to 
society. Efforts of the Exposure Assessment (EXA) 
Cross-sector Program promote using exposure 
assessment to identify and characterize workplace 
hazards. Exposure assessment prevents disease by 
making it possible to anticipate, recognize, evalu-
ate, control, and confirm hazardous exposures and 
measures designed to protect against them. The 
NIOSH EXA Program provides national and interna-
tional leadership for developing and using effective 
exposure assessment tools. Expanded use of these 
tools has led to cost-effective environmental deter-
minations, including which workers are exposed to 
hazards, routes of exposure, extent, frequency, and 
duration of exposure, and the effectiveness of in-
terventions. Program priorities include fostering re-
search and giving guidance to develop or improve 
exposure assessment strategies. Also a priority is 
developing or improving specific tools to assess 
worker exposures to critical occupational agents 
and stressors. The EXA Program works to increase 
visibility and coordination of exposure assessment 
throughout NIOSH and across a broad spectrum of 
government, industry, labor, academic, and interna-
tional partnerships. The program accomplishes this 
through intramural and extramural activities. 

The EXA Program gives national and international 
leadership for developing and using effective 
exposure assessment tools to prevent workplace 
illness and injury. EXA Program activities are 
guided by an internal steering committee with 
representation across NIOSH divisions. The EXA 
Program’s Exposure Assessment Interest Group 
provides a forum for sharing needs, capabilities, 
and experience among NIOSH researchers. The 
breadth of external partnering with agencies and 
organizations includes the Occupational Safety 
and Health Administration, the U.S. Environmen-
tal Protection Agency, the U.S. Department of 
Energy, the Exposure Science 21 Federal Working 
Group, the American Industrial Hygiene Associa-
tion, the Health Physics Society, the International 
Society for Exposure Science, and the Institute for 
Occupational Safety and Health of the German 
Social Accident Insurances. 
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EXA Program contributions to NORA’s second 
decade are evidenced by its advancing of the field 
and its consistent attraction of the greatest num-
ber of NORA proposals. The high number of views 
of the EXA Program-associated webpages also 
show the intense interest in the program. The EXA 
Program is behind only the Authoritative Recom-
mendations and Personal Protective Equipment 
cross-sectors in terms of web-page views. The EXA 
Program has the second-most associated webpag-
es of all the cross sectors on the NIOSH Internet.

During NORA’s second decade, EXA strategic 
goals focused on providing critically needed guid-
ance and on developing and improving exposure 
assessment methods and tools. Flagship activities 
included expanding the NIOSH Manual of Analytical 
Methods (NMAM), establishing a program in direct-
reading methods and monitors, and defining and 
initiating an occupational exposome effort. 

Further activities and outcomes of the decade are 
described below.

 � Publication of 20 new or updated NMAM 
methods, along with preparing a new edition 

for release in 2016. A recently completed 
survey of NMAM users confirmed the utility 
and value of this resource. The NMAM is the 
second-most-visited NIOSH website.

 � Completion of the NIOSH Direct-Reading 
Methods and Monitors Initiative. A NIOSH-
sponsored workshop and summary report en-
gaged stakeholders to identify needs and gaps 
for direct-reading applications. Success of the 
initiative led to creating a new NIOSH Center 
for Direct Reading and Sensor Technologies 
(NCDRST).

 � Knowledge of direct-reading opportunities for 
worker protection was improved through ac-
tivities of the NIOSH Center for Direct Reading 
and Sensor Technologies. An article describing 
a comprehensive instrumentation lifecycle was 
authored by the NCDRST directors and pub-
lished in The Synergist [Hoover and DeBord 
2015]. This vision for “turning numbers into 
knowledge” was further shared in a widely 
viewed webinar on that topic.

 � Commercialization of NIOSH-developed sen-
sor technologies has been successful. During 

NIOSH Guidelines Support Improved Development and Use of Real-Time Instruments

The use of new instruments and 
capabilities often raises questions 
about how to assure these devices 
measure what they say and are ac-
curate enough to assure the safety 
of workers—especially in real-
time situations. Advancements in 
sampling and analysis now enable 
practitioners to measure exposures 
without transporting a sample to a 
laboratory.

NIOSH recommended a wide vari-
ety of quality-check guidelines to 
keep pace with this progress. The 
guidelines help ensure proper use 
of real-time instruments and their 
reliability. As a result, NIOSH com-
pleted an innovative publication, 
“Components for Evaluation of 
Direct-Reading Monitors for Gases 
and Vapors” in 2012 [NIOSH 2012]. 

The NIOSH-designed publication 
is a starting point and a major step 
forward in assuring occupational 
safety and health in many work-
places.

Because of the NIOSH publica-
tion, instrument manufacturers, 
academics, instrument users, and 
government scientists are now bet-
ter equipped to advance the future 
development and use of direct-
reading instruments for assessing 
exposures. That means they have 
the real-time ability to measure the 
exposure of workers to potentially 
hazardous gases and vapors in the 
air directly. NIOSH continues to 
provide resources that routinely 
are used as a gold standard by 
industrial hygienists, and this allows 
these practitioners to do their job 

more quickly and efficiently, with 
confidence in accuracy and reli-
ability.

Details: Components for Evalua-
tion of Direct-Reading Monitors for 
Gases and Vapors

A NIOSH TECHNICAL REPORT

Components for Evaluation 
of Direct-Reading Monitors 
for Gases and Vapors
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the past 10 years, more than 36,000 devices 
based on exposure assessment technologies 
developed in NIOSH laboratories have been 
purchased commercially. These devices 
make exposure assessment information 
more accessible. 

 � Publication of NIOSH guidance on selecting 
direct-reading devices for gases and vapors 
[NIOSH 2012]. This guidance was accompa-
nied by an addendum specific to emergency 
response. These publications are being used by 
the International Standards Organization (ISO) as 
it develops a standard for direct-reading devices. 

 � Publication of Genetics in the Workplace: Im-
plications for Occupational Safety and Health 
[NIOSH 2010a]. This resource on an emerg-
ing challenge has been downloaded from the 
NIOSH website more than 1,000 times, and it 
has been used by the CDC Genomics Office as 
part of its basis for advancing public health. 

 � Creation of a NIOSH initiative on the occu-
pational exposome. The occupational expo-
some was recognized as a director’s special 
emphasis area for NIOSH intramural research. 
Key publications include an article describing 
biomarkers of response (omics technologies) 
and how they are used in setting occupational 
exposure limits, Another publication is an ar-
ticle serving as a primer on the exposome for 
the practice of epidemiology. Broad interest 

in this effort is evidenced by invitations from 
multiple organizations for presentations on the 
occupational exposome. 

Global Collaborations 

To improve global occupational safety and health, 
NIOSH established its Global Collaborations (GLC) 
Cross-sector Program to enhance global occu-
pational safety and health through international 
collaborations. These strategic collaborations with 
public and private-sector-based partners provide 
NIOSH with opportunities to better conduct inno-
vative research, deliver expert findings, and receive 
new information to protect the safety and health 
of workers worldwide. NIOSH conducted activities 
during NORA’s second decade in close partnership 
with several national and international organiza-
tions, including WHO, International Labour Orga-
nization (ILO), Pan American Health Organization 
(PAHO), National Institutes of Health (NIH), ISO, 
IARC and the U.S. State Department. NIOSH has 
also been actively engaged with many countries, 
including Australia, Brazil, Canada, Chile, China, 
Columbia, Finland, Germany, India, Italy, Japan, Ko-
rea, Mexico, Netherlands, Peru, Singapore, South 
Africa, Sweden, Vietnam, United Kingdom, Venezu-
ela, and Zambia. 

The NIOSH Global Collaborations Program facili-
tates NIOSH Strategic Goal 3: “Enhance interna-
tional workplace safety and health through global 

NIOSH Partners with World Health Organization to Train Workers about Needle-Stick Injuries

NIOSH established a priority goal 
to globally reduce bloodborne 
pathogens among healthcare work-
ers. These efforts led NIOSH and 
the World Health Organization to 
train about 20,000 workers from 34 
countries. The NIOSH and WHO 
information is designed to edu-
cate government officials, frontline 
workers, and hospital leaders. 
The NIOSH and WHO “Protecting 
Healthcare Workers: Preventing 
Needlestick Injuries Toolkit” is used 
by staff members responsible for 
training. NIOSH will update the 

toolkit-training curriculum in 2016. 
Trainings occurred in Peru, Ven-
ezuela, Colombia, Brazil, Ecua-
dor, Egypt, Morocco, Caribbean, 
Serbia, South Africa, Vietnam, and 
Tanzania.

The partnerships developed in 
several countries led to passing 
national legislation to better pro-
tect health workers in Venezuela, 
Peru, and Brazil. Of the more than 
20,000 healthcare professionals 
trained globally—13,000 were 
in Latin America, 700 in Middle 

Eastern countries, and more 7,000 
in African countries. The toolkit is 
now available in Spanish.

Details: Protecting Healthcare 
Workers: Preventing Needlestick 
Injuries Toolkit
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collaborations,” working with NIOSH staff. The 
program especially works with the NIOSH Office 
of the Director (OD), Respiratory Health Division 
(RHD), Division of Surveillance, Hazard Evalua-
tions and Field Studies (DSHEFS), Education and 
Information Division (EID), Division of Applied 
Research and Technology (DART) , and Division of 
Safety Research (DSR). It also works with interna-
tional agencies (WHO, PAHO, and ILO), interna-
tional nongovernment organizations such as the 
International Commission on Occupational Health 
(ICOH), International Energy Agency  (IEA), and 
International Occupational Hygiene Association 
(IOHA). It works with international entities that 
include the Worldwide Cleaning Industry Associa-
tion (ISSA), National Social Security Administration 
of Argentina (ANSES), Social Service of Industry of 
Brazil (SESI), Sheffield Group, and the Partnership 
for European Research in Occupational Safety and 
Health (PEROSH). Finally, the program also works 
with country health and labor ministries around the 
world, along with 55 WHO Network Collaborating 
Centers in Occupational Health.

Further activities and outcomes associated with 
each of the GLC Program priority goals are de-
scribed below.

Priority Goal: Enhance global occupational safety 
and health through international collaborations

 � NIOSH chaired the network of 55 WHO Col-
laborating Centers and coordinated the proj-
ect contributions of the centers in a common 
work plan. 

 � In 2015, NIOSH supported WHO by collect-
ing 150 products and trainings from 46 WHO 
Network coordinating centers in 21 countries. 
This was included in the electronic repository, 
GeoLibrary. 

 � NIOSH helped WHO provide protection for 
health workers during the Ebola outbreak 
in Africa. 

Priority Goal: Reduce global road traffic injuries 
of workers

 � NIOSH organized the first International Con-
ference on Road Safety at Work (2009).

 � Work-related safety was included in U.N. road 
safety resolutions, based on NIOSH input.

Priority Goal: Reduce bloodborne pathogens 
among healthcare workers globally

 � NIOSH and WHO produced the “Protecting 
Healthcare Workers: Preventing Needlestick 
Injuries Toolkit,” and the training-of-trainers 
program for government officials, frontline 
workers, and hospital leaders.

 � Instruction of 500 “super trainers” from 34 
countries in the healthcare field led to training 
of about 20,000 health workers by the super 
trainers, to date.

 � Work with international partners to assess in-
corporating the bloodborne pathogen curricu-
lum modules into existing trainings and short 
courses for healthcare workers.

 � Partnerships led the passing of national health 
worker legislation in Venezuela, Peru, and Brazil. 

Priority Goal: Reduce silicosis through collabora-
tions with the ILO/WHO Global Program 

 � NIOSH, WHO, PAHO, ILO, Chile, and coun-
tries in South America developed a program 
called the “Americas Silicosis Initiative.” 
Trainings and assistance led to passage of the 
2009 Chile National Plan to Eliminate Silicosis, 
development of a regional silica laboratory in 
Chile, development by Chile of simple guid-
ance to control silica exposures in small busi-
nesses, and a program for respirator use in 
small businesses. The effort also led to train-
ings on control of silica exposure in various 
other countries.

 � NIOSH helped ILO prepare the revised 2011 
edition of the ILO Guidelines for International 
Classification of Radiographs of Pneumoco-
nioses to extend applicability to digital radio-
graphic images of the chest [ILO 2011]. Film 
trainings and digital training in radiographic 
reading and spirometry were conducted in 
many countries to develop national expertise, 
and materials were translated into various 
languages.

Health Hazard Evaluation 

Many workers are exposed to potentially harm-
ful conditions that could affect their health. The 
NIOSH Health Hazard Evaluation (HHE) Cross-sector 

http://www.geolibrary.org
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Program offers unique federal government resourc-
es to employers and employees in all industry sec-
tors of our nation’s economy. Occupational safety 
and health professionals evaluate potential health 
hazards in the workplace and recommend action 
to eliminate those hazards and prevent adverse 
health outcomes. The program uses a practical, 
science-based approach to solve problems, and it 
provides its services at no cost to the employer or 
employees. The HHE Program was mandated by 
specific provisions of the Occupational Safety and 
Health Act of 1970 (Public Law 91-596) and the 
Federal Mine Safety and Health Act of 1977 (Public 
Law 91-173). The mission of the HHE Program is 
to respond to requests for worksite evaluations of 
health hazards, solve problems, communicate risk, 
and disseminate findings. As one of the NIOSH 
cross-sectors, the program identified three priori-
ties that drive its activities: (1) to prevent illness 
through reduced exposure to workplace hazards, 
(2) to promote occupational safety and health 
research on emerging issues, and (3) to protect the 
safety and health of workers during public health 
emergencies. 

The Health Hazard Evaluation (HHE) Program com-
prises NIOSH staff from two divisions: (1) the Divi-
sion of Surveillance, Hazard Evaluations, and Field 
Studies (DSHEFS), and (2) the Respiratory Health 

Division (RHD). Staff from other programs, primar-
ily the Western States Division (WSD), Division of 
Applied Research and Technology (DART), and the 
Health Effects Laboratory Division (HELD), partici-
pate in HHE Program activities as needed. Extra-
mural partners include OSHA, state and local health 
departments, and occupational medicine residency 
programs. The HHE Program considers employees 
and employers in the extramural community (and 
their representatives, such as trade associations and 
labor unions) as its stakeholders or customers.

During NORA’s second decade, the HHE Program 
honed its strategic plan, with five strategic goals 
that have remained relevant throughout the de-
cade. Primary emphasis was on increasing aware-
ness of the HHE Program to ensure that (1) its 
services are available to meet the changing needs 
of the American workforce, and (2) the informa-
tion learned from its investigations reaches all 
those who have a role in ensuring safe and healthy 
workplaces. 

Outcomes of particular note include the following: 

 � Use of HHE Program findings to spur devel-
opment and support a risk assessment for 
a NIOSH-recommended exposure limit for 
diacetyl.

Coffee Roasting Health Hazard for Workers

During the past 15 years, some 
workers in plants that manufac-
ture or use butter flavorings have 
been diagnosed with a serious 
and irreversible occupational lung 
disease, obliterative bronchiolitis. 
A common exposure across these 
industries associated with risk for 
this occupational illness has been 
exposure to flavorings that con-
tain the chemicals diacetyl and 
2,3-pentandione. NIOSH Health 
Hazard Evaluations contributed 
significantly to recognizing the 
hazard and recognizing interven-
tions. In 2012, after physicians at 
a university medical center diag-
nosed obliterative bronchiolitis in 

five people who had worked at a 
coffee processing facility, NIOSH 
conducted a Health Hazard Evalu-
ation at the facility to examine the 
potential risk for the work-related 
disease in current workers. 

The findings of the Health Hazard 
Evaluation reinforced the need 
for evaluating work-related ex-
posures in all industries in which 
workers are exposed to diacetyl or 
2,3-pentanedione, and it resulted 
in NIOSH interim recommenda-
tions for measuring and reducing 
work-related exposures in coffee 
processing. By disseminating the 
information in a peer-reviewed 

journal and on the NIOSH web-
page, NIOSH alerted physicians, 
employers, and workers to be 
aware of potential health risks, and 
the institute recommended practi-
cal, effective control measures.

Details: Flavorings-related Lung 
Disease

Photo by Thinkstock

http://www.cdc.gov/niosh/topics/flavorings/processing.html
http://www.cdc.gov/niosh/topics/flavorings/processing.html
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 � Adoption of HHE Program recommendations 
by third-party certification organizations to 
improve the health of electronic scrap industry 
employees. 

 � Survey results showing that 91% of respond-
ing stakeholders thought the HHE Program 
helped make things better at their workplace; 
for example, in the 2 years after implementing 
HHE recommendations at a poultry process-
ing plant, the incidence of reported campylo-
bacter infections decreased about 70%.

 � HHE Program products have been distributed 
widely. For example, the American Industrial 
Hygiene Association (AIHA) reported that HHE 
Program items constituted 4 of the 10 most-
popular stories in 2014.

Nanotechnology 

The mission of the NIOSH Nanotechnology (NAN) 
Cross-sector Program is to provide national and 
international leadership in investigating the implica-
tions of nanoparticles and nanomaterials for work-
related injury and illness, and to explore their poten-
tial applications in occupational safety and health. 
Nanotechnology is the manipulation of matter on a 

near-atomic scale to produce structures, materials, 
and devices that have new or unique properties. 
Nanoparticles are a subset of these new materials 
that have at least one dimension less than 100 nano-
meters. Nanotechnology has the ability to transform 
material science used in many industries, and it will 
have many applications to areas ranging from medi-
cine to manufacturing.

With any new technology, the earliest and most-
extensive exposures to hazards are most likely to 
occur in the workplace. Therefore, NIOSH engaged 
in a comprehensive effort to fill gaps about haz-
ards and risks related to occupational exposure 
to engineered nanoparticles. This effort included 
determining whether nanoparticles and nanoma-
terials pose risks for work-related injury and illness; 
conducting research and making recommendations 
on effective methods to manage nanomaterials 
safely; promoting healthy workplaces through in-
terventions, recommendations, and capacity build-
ing; and enhancing global workplace safety and 
health through national and international collabora-
tions. By maintaining a dynamic approach involv-
ing strategic planning, research, partnerships, and 
information dissemination, the NAN Program, and 
the Nanotechnology Research Center (NTRC), are 

Responsible Development of Nanotechnology Applications

Nanotechnology involves ma-
nipulating substances smaller 
than 100 nanometers, or less than 
one-thousandth the width of a 
human hair. Such substances can 
produce new materials, structures, 
and devices. Engineered nano-
materials are being incorporated 
into thousands of consumer and 
commercial products, from cos-
metics and electronics to structural 
materials. The potential benefits of 
nanotechnology are immense, and 
these benefits should be fully real-
ized by society. However, based on 
the toxicological behavior of some 
types of nanomaterials, concern 
exists about occupational expo-
sure to nanomaterials, creating 

the need for these materials to be 
properly managed and controlled 
so that beneficial applications can 
be realized. 

NIOSH developed a strategic pro-
gram of collaborative research that 
resulted in a better understanding 
of the effects and potential occu-
pational hazards of nanomaterials; 
methods to evaluate potential ar-
eas for worker exposures; guidance 
on hazard evaluation and risk as-
sessment, including Recommended 
Exposure Limits; a framework for 
human health evaluation; guidance 
on engineering control strategies 
to minimize exposures; and gen-
eral risk management guidance 
that ensures worker protection and 

promotes responsible development 
of nanotechnology. These products 
have responded to stakeholders’ 
needs for strong scientific data and 
science-based recommendations in 
this emerging industry, have been 
widely cited and used by practitio-
ners, and have been incorporated 
into actual work practices and 
international guidelines.

Details: Nanotechnology at NIOSH

Photo by NIOSH

http://www.cdc.gov/niosh/topics/nanotech/nanotechnology-research-center.html
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able to anticipate challenges and provide sound 
scientific recommendations for safely handling 
nanomaterials.

A key to the NTRC’s ability to conduct relevant 
research and develop effective guidance has been 
the broad cross-institute intramural effort, and the 
success in creating productive voluntary partner-
ships and collaborations, including those with 65 
companies in the private sector. Intramurally, the 
NTRC has participation from nearly every division, 
lab, or office in NIOSH. At the sector program 
level, NTRC activities and outputs support goals in 
Manufacturing, Construction, Healthcare, Exposure 
Assessment, and Respiratory Disease. To increase 
involvement with key extramural research centers, 
the NTRC entered into memorandums of under-
standing (MOUs) with SUNY Polytechnic Institute’s 
Colleges of Nanoscale Science and Engineering 
(SUNY Poly CNSE), the Public-Private Partnership 
for Advanced Woody Biomaterials and Nanotech-
nology (P3Nano), and with the Center for High-
Rate Nanomanufacturing (CHN). The NTRC has 
active collaborations with the American Industrial 
Hygiene Association (AIHA), the American Chemi-
cal Society (ACS), and the Center for Construction 
Research and Training (CPWR). NIOSH is a key 
contributor to the U.S. National Nanotechnology 
Initiative (NNI) and collaborates with 16 other gov-
ernment agencies through the working group on 
Nanotechnology Environmental and Health Implica-
tions (NEHI). Formal and informal agreements have 
been created with the National Institute for Stan-
dards and Technology (NIST), Consumer Product 
Safety Commission (CPSC), the Environmental Pro-
tection Agency (EPA), National Toxicology program 
(NTP), and the Occupational Safety and Health 
Administration (OSHA). Globally, NIOSH is work-
ing with the International Standards Organization 
(ISO), the Organization for Economic Cooperation 
and Development (OECD), World Health Organiza-
tion (WHO), a United States/European Union (EU) 
harmonization workgroup, and several other EU 
occupational safety organizations.

In NORA’s second decade, the NTRC has developed 
an effective program of research that has resulted in 
a better understanding of the hazards of nanomate-
rials; methods to evaluate potential areas for worker 
exposures; guidance on hazard evaluation and risk 
assessment, including Recommended Exposure 

Limits; a framework for human health evaluation; 
guidance on engineering control strategies to 
minimize exposures; and general risk manage-
ment guidance that ensures worker protection and 
promotes responsible development of nanotech-
nology. Onsite evaluations of nanomanufacturing 
process investigations allowed NIOSH to measure 
worker exposures and develop recommendations 
for techniques to control and mitigate exposures. 
Key outcomes include actions from companies that 
have modified engineering controls, work prac-
tices, and in-house recommended exposure limits. 
NIOSH outputs have informed the manufacture of 
monitoring equipment to quantitatively measure air 
samples for nanoparticles. NIOSH and the SUNY 
Polytechnic Institute Colleges of Nanoscale Science 
and Engineering (CNSE) launched the Nano Health 
and Safety Consortium. Intermediate customers 
prepared reports, strategic research documents 
and briefings, or conducted demonstrations that 
leveraged or were informed by NIOSH nanotech-
nology-related research and outputs, which were 
then further disseminated through scientific and 
conferences related to occupational safety and 
health, along with meetings or virtual meetings 
(such as webinars). NTRC-authored publications 
have been cited more than 5,000 times in the 
peer reviewed scientific literature. These primary 
citations have resulted in over 82,000 secondary 
citations. A key to the success of the NAN Program 
has been the strong cross-Institute community that 
has been created. 

Occupational Health Disparities 

As the U.S. workforce becomes more diverse, 
disparities have become clear in the burden of 
work-related disease, disability, and death experi-
enced by certain groups, such as low-income and 
foreign-born workers. Priority working popula-
tions have certain biological, social, or economic 
characteristics that place them at higher risk of 
developing work-related disease and injury. These 
populations include racial and ethnic minorities, 
immigrants, younger and older workers, workers 
with medical or genetic susceptibility, and workers 
with disabilities. Occupational health disparities 
arise in part from an over-representation in the 
most-hazardous industries, such as agriculture and 
construction. Other social, cultural, economic, and 
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political factors—including language, literacy, and 
marginal economic status—may compound their 
risks. These workers may also have less access to 
healthcare. Disparities are most apparent among 
populations with varying levels of socioeconomic 
status. A direct relationship exists between socio-
economic status and health, such that a person’s 
overall health improves as that person’s socioeco-
nomic status improves. Health disparities between 
different racial and ethnic populations are likely to 
be related in part to differences in socioeconomic 
status, but they may also result from other interact-
ing factors, such as discrimination. These factors 
are complex and still not completely understood.

The Occupational Health Disparities Cross-sector 
Program works to identify and eliminate health 
disparities by promoting effective research meth-
ods and disseminating tools and information to 
the occupational safety and health community. The 
program’s priorities are the following:

 � Improve surveillance of excess injury, illness, 
and death among priority working populations 
by enhancing the capacity of existing systems 
and improving survey design and administration 

to consider differences in language, literacy, 
and culture. 

 � Promote eliminating occupational health 
disparities by expanding outreach to stake-
holders, such as community-based organiza-
tions, labor unions, and government agencies, 
and expanding efforts to develop practical 
intervention programs and policies that target 
priority working populations. 

 � Improve occupational safety and health re-
search by increasing the capacity of research-
ers to address social and cultural dimensions 
of occupational health. 

 � Disseminate research tools and approaches 
that better consider factors such as language, 
literacy, and culture.

Program participants include an NIOSH-wide in-
tramural committee, which has duties that include 
reviewing proposals submitted to the cross-sector 
for endorsement for NORA funding. The intramu-
ral committee was also instrumental in planning 
and participating in the First National Conference 
on Eliminating Health and Safety Disparities at 
Work conference. 

Partnering With Mexican Ministries to Keep High-Risk Workers Safe

Certain population groups have 
a greater burden of work-related 
disease, disability, and death. For 
example, Latino immigrants are 
50% more likely than all workers 
in the United States to suffer fatal 
work-related injuries. 

A first step toward reducing risk 
is to provide meaningful informa-
tion to Spanish-speaking immi-
grants to increase their awareness 
of workplace hazards and basic 
interventions available to them. 
They also need access to special-
ists who can help them navigate 
the labor and health systems, ne-
gotiate with managers, effectively 
act on their labor rights, and 
access services from organizations 
that advocate for and support im-
migrants and workers. 

The NIOSH Occupational Health 
Disparities program has worked 
with Mexican ministries that spon-
sor programs in Mexican Consul-
ates in the United States. They 
have collaborated to conduct 
research and prepare informational 
materials that effectively inform im-
migrant workers of their options if 
they face workplace hazards.

Three ministries in the Mexican 
government have improved their 
understanding of workplace issues 
in the United States and are now 
including occupational safety and 
health information as a main ele-
ment of their outreach to Mexican 
citizens working in the United 
States. The infrastructure of the 
Mexican consular system also con-
nects workers to the health, social, 

community, and legal services they 
may need to empower and advocate 
for themselves and reduce risk of 
work-related injury, illness, and death.

Details: A Partnership: NIOSH and 
Mexican Consulates Help Support 
the Health and Safety of Workers

Sample illustrations used in the Protéjase 
materials, highlighting the kinds of ac-
tions workers can take to protect them-
selves at work

http://blogs.cdc.gov/niosh-science-blog/2015/09/23/protejase4/
http://blogs.cdc.gov/niosh-science-blog/2015/09/23/protejase4/
http://blogs.cdc.gov/niosh-science-blog/2015/09/23/protejase4/
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Extramural partners included contributions from 
20 U.S. universities; 3 foreign universities from 
Canada, Australia and Spain; other federal agen-
cies, such as the National Institute of Environmental 
Health Sciences (NIEHS), OSHA, EPA, Chemical 
Safety Board, DHHS Environmental Justice Working 
Group; state and city health departments; and 6 
labor and worker advocacy programs.

Researcher partners from U.S. universities and 
NIEHS collaborated on producing three modules 
(graduate, undergraduate, and worker) for teaching 
Occupational Health Disparities.

NIOSH has developed a collaboration with the 
Mexican Foreign Ministry to better understand the 
occupational safety and health needs of Mexican 
nationals working in the United States.

One of the main focuses for the cross-sector has 
been to have health disparities recognized as an 
occupational issue and included in larger efforts. 

Following are the cross-sector’s highlights from the 
past NORA decade:

 � First National Conference on Eliminating 
Health and Safety Disparities at Work confer-
ence: five white papers produced on cross-
cutting issues related to disparities.

 � Inclusion of Occupational Safety and Health 
topics in the Department of Health and Human 
Services Environmental Justice Strategy.

 � AJIM Special Issue, Achieving Health Equity in 
the Workplace.

 � AJIM Special Issue, Occupational Health Dis-
parities.

 � Two Chapters in the 2013 CDC Health Dispari-
ties and Inequalities Report  [CDC 2013a,b 2013].

 � CDC Special Issue on Vulnerable Populations 
and Pandemic Influenza: two Papers on vul-
nerable workers included [Baron et al. 2009; 
Steege et al. 2009]. 

 � Expanded Occupational Health Section or I/O 
coded in population-based surveys: National 
Health Interview Survey, Behavioral Risk Fac-
tor Surveillance Survey, Multi-Ethnic Study of 
Atherosclerosis, REasons for Geographic and 
Racial Differences in Stroke (REGARDS), Elec-
tronic Health Records.

 � Collaboration with Mexican Foreign Ministry to 
include occupational health support for pro-
grams for its constituents in the United States.

Personal Protective Technology

Proper use of personal protective equipment and 
personal protective technology is the last line of 
defense in a hierarchy of controls used to mini-
mize or eliminate exposure to hazards and reduce 
worker risk of potential injury, illness, and death. 
Personal protective technology consists of the 
specialized clothing or equipment worn by workers 
for protection, and it includes the technical meth-
ods, processes, techniques, tools, and materials 
that support their development and use. Personal 
protective technology includes respirators, gloves, 
protective eyewear, fall and hearing protection, 
and protective clothing. It also includes sensors to 
detect hazardous substances, guidance publica-
tions, performance standards, and test procedures. 
In 2001, Congress allocated funds to NIOSH to 
develop standards and technologies for protecting 
America’s workers who rely on personal protective 
equipment, with emphasis on emergency responders. 

NIOSH established its National Personal Protec-
tive Technology Laboratory (NPPTL) to provide 
national and world leadership for improved tech-
nologies, and to align NIOSH activities surround-
ing personal protective technology. This effort was 
emphasized and further developed in 2005, when 
NIOSH established the Personal Protective technol-
ogy (PPT) Cross-sector Program. The PPT Program 
applies across all industry sectors and overlaps 
with NIOSH’s Hearing Loss Program, Traumatic 
Injury Program, and Respiratory Disease Research 
Program, Emergency Preparedness and Response 
Program and Nanotechnology Program. This 
collaborative program fulfills its mission through 
respirator certification as mandated in federal 
regulations; focused research to improve workplace 
inhalation, dermal, and injury protections; develop-
ment of interventions; participation in national and 
international standards, and policy development.

The relevance and sustainability of the PPT Pro-
gram are achieved through the deliberate and con-
tinual involvement of its partners. Partners provide 
inputs, use the program’s outputs, and join with 
the PPT Program to produce positive outcomes 

http://onlinelibrary.wiley.com/doi/10.1002/ajim.v57.5/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/ajim.v57.5/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/ajim.v53:2/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/ajim.v53:2/issuetoc
http://www.cdc.gov/mmwr/pdf/other/su6203.pdf
http://www.cdc.gov/mmwr/pdf/other/su6203.pdf
http://ajph.aphapublications.org/toc/ajph/99/S2
http://ajph.aphapublications.org/toc/ajph/99/S2
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affecting worker safety and health. More than 100 
partners are actively involved and are aligned with 
individual program projects. An estimated 20 mil-
lion workers who use PPE have benefited from the 
Program’s activities on respirators, clothing, and 
other PPE. 

Intramural research partners included NIOSH 
DLOs with policy input from the NIOSH PPE Policy 
Group. The program also collaborates directly with 
NIOSH sector and cross-sector programs, with an 
emphasis in the Healthcare and Social Assistance, 
Mining, and Public Safety sectors

Extramural partners included other federal agen-
cies, such as OSHA, MSHA, NIST, Food and Drug 
Administration (FDA), and the InterAgency Board. 
The PPT Program also collaborates with standards 
development organizations that include ASTM 
International, ANSI, ISO, NFPA and Association 
for the Advancement of Medical Instrumentation 

(AAMI). The PPT Program partners with the Na-
tional Academy of Medicine Standing Committee 
on PPE for Workplace Safety and Health to discuss 
scientific and technical issues relevant to developing, 
certifying, deploying, and using PPE; standards; 
and related systems to improve workplace safety 
and health.

Further activities and outcomes during the decade 
are described below.

 � Supported healthcare workers through col-
laborations with: (1) The American Associa-
tion of Occupational Health Nurses (AAOHN), 
producing a 10-module Respiratory Protec-
tion Education and Resources Web Kit; (2) 
The Joint Commission, preparing a Respira-
tory Protection Monograph; (3) OSHA and 
the California Department of Public Health, 
preparing a Respiratory Protection Toolkit, 
leading to improved compliance with OSHA’s 

Laboratory Evaluations and Interventions Encourage Use of Protection Equipment  
During Ebola Response

NIOSH led the national effort to 
support the proper use of Personal 
Protective Equipment (PPE) in the 
Ebola response by: (1) evaluating 
PPE ensembles used in West Africa 
to provide more guidance about 
avoiding heat stress, (2) reviewing 
existing test methods used to eval-
uate isolation gowns, (3) develop-
ing the scientific basis for improved 
test methods, and (4) developing 
communication products. NIOSH 
staff also served as consultants in 
an Ebola PPE response system to 
respond to questions from health-
care workers in the field (domestic 
and international) and employ-
ers. In total, NIOSH responded to 
more than 100 PPE inquiries during 
the peak of the response.

Most recently, NIOSH gave input 
to many U.S. government guidance 
documents and interim recommen-
dations on a variety of Ebola PPE 

topics, including how to put PPE 
on and take it off, avoid heat stress, 
select protective clothing, and se-
lect and use powered air-purifying 
respirators. NIOSH began research 
studies to improve the scientific ba-
sis of the test methods used in the 
performance evaluation of PPE, in-
cluding studies on fluid resistance, 
flammability, and liquid/viral barrier 
resistance. NIOSH human factors 
research established a baseline for 
the next generation of Ebola PPE 
coming from the U.S. Agency for 
International Development (USAID) 
and the White House Office of 
Science and Technology Policy 
(OSTP) initiative “Fighting Ebola: A 
Grand Challenge for Development.” 

Details: Fighting Ebola: A Grand 
Challenge for Development—How 
NIOSH is Helping Design Improved 
Personal Protective Equipment for 
Healthcare Workers

NIOSH sweating thermal manikin with 
the PPE ensemble commonly used by 
Médecins Sans Frontières (Doctors without 
Borders) for high exposure areas. This PPE 
ensemble includes a TyChem C coverall 
(a type of limited-use Chemical Protective 
Coverall), a custom-made Tyvek hood with 
integrated surgical mask, rubber apron, 
respirator, googles, rubber gloves, and 
rubber boots. Photo by NIOSH.
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https://blogs.cdc.gov/niosh-science-blog/2015/02/05/ebola-ppe/
https://blogs.cdc.gov/niosh-science-blog/2015/02/05/ebola-ppe/
https://blogs.cdc.gov/niosh-science-blog/2015/02/05/ebola-ppe/
https://blogs.cdc.gov/niosh-science-blog/2015/02/05/ebola-ppe/
https://blogs.cdc.gov/niosh-science-blog/2015/02/05/ebola-ppe/
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Respiratory Protection Standard and improved 
healthcare worker health and safety; and (4) 
respirator manufacturers, developing filtering 
facepiece respirators with attributes (such as 
comfort) desired by healthcare workers. The 
project BREATHE, Better Respirator Equip-
ment using Advanced Technologies for Health-
care Employees, has produced 30 manuscripts.

 � Maintained the searchable Certified Equip-
ment List containing more than 9,000 certi-
fied respirators. In FY2014 alone, completed 
560 certified respirator decisions (including 
396 new approvals) and 311 respirator audits, 
improving the quality and inventory of respira-
tory protection devices for workers in multiple 
industries. 

 � Developed and implemented the new rule for 
NIOSH approval of closed-circuit escape respi-
rators, providing improved respiratory protec-
tion for miners. 

 � Program outputs, including the Fire Fighter 
Fatality Investigation and Prevention Program 
and leadership on National Fire Protection 
Association (NFPA) committees, contributed 
to improved PPE standards developed by the 
NFPA. This yielded improved protection while 
meeting the Department of Homeland Secu-
rity (DHS) mandate for certified product when 
purchased with DHS-FEMA grant funding. 

 � Formulated and led the more than 30-member 
public and private organization, PPT Confor-
mity Assessment Working Group, to prepare a 
comprehensive set of reports that define the 
requirements for a national PPT Conformity 
Assessment framework for the nation (see PPT 
Conformity Assessment).

 � Produced anthropometric research outputs for 
helping to develop better-fitting PPE, includ-
ing respiratory and non-respiratory products. 
For example, various manufacturers reported 
in the past few years that the NIOSH digital 
headforms, manual anthropometric data, and 
3D-scan data were used to design respirators, 
hard hats, ergonomic sports safety equipment, 
eye-protection products, headphones, models 
for artists, and adjustable headbands for neck-
straightening exercise equipment.

Prevention through Design

One of the best ways to prevent occupational inju-
ries, illnesses, and fatalities is to eliminate hazards 
and minimize risks early in the design or redesign 
process and incorporate methods of safe design into 
all phases of hazard and risk mitigation. The mis-
sion of the NIOSH Prevention through Design (PtD) 
Cross-sector Program is to prevent work-related 
injury, illness, and death through including preven-
tion considerations in all designs that impact work-
ers. The cross-sector program focuses on eliminating 
hazards and minimizing risks to workers throughout 
the lifecycle of work premises, tools, equipment, ma-
chinery, substances, and work processes—including 
their construction, manufacture, use, maintenance, 
and ultimate disposal or reuse. A growing number 
of business leaders recognize PtD as a cost-effective 
means to enhance occupational safety and health.

In 2007, building on the work of a critical mass of 
investigators and practitioners, NIOSH partnered 
with several organizations to launch a national 
Prevention through Design (PtD) initiative. Part-
ners included the American Industrial Hygiene 
Association (AIHA); the American Society of Safety 
Engineers (ASSE); the Center for Construction 
Research and Training (CPWR); Kaiser Permanente; 
Liberty Mutual; the National Safety Council (NSC); 
the Occupational Safety and Health Administra-
tion (OSHA); ORCHSE Strategies, LLC (formerly 
Mercer, ORC WorldwideTM); the Regenstrief Center 
for Healthcare Engineering; and the Association of 
Equipment Manufacturers. The initiative involved 
many partnerships with other government agen-
cies, academia, industry, labor, and nongovernmen-
tal organizations to make an impact on research, 
education, policy, and practice related to prevent-
ing occupational hazards through design.

The ultimate goal of the Prevention through De-
sign initiative is culture change, where eliminat-
ing worker hazards is considered at conceptual 
planning and design stages in the normal course 
of business operations. The work of NIOSH and 
its many partners have accelerated that culture 
change through advances in policy, education, 
research, practice, and small business. 

Highlights of the PtD Program during the second 
decade include the following:

http://www.cdc.gov/niosh/docket/archive/docket237.html
http://www.cdc.gov/niosh/docket/archive/docket237.html
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 � Policy advances include more than 25 consen-
sus standards revised to include PtD methods, 
highlighted by the milestone 2011 publication 
of the ANSI/ASSE z590.3 Prevention through 
Design standard that gives businesses specific 
methods they can use to build PtD into their 
operations [ANSI/ISEA 2011].

 � The 2015 publishing of PtD pilot credits that 
can be followed to add points to “green 
building” certifications. These PtD credits 
were published by the U.S. Green Building 
Council for its globally-renowned Leadership 
in Energy and Environmental Design (LEED) 
certification program. 

 � The USGBC leadership reports that the use of 
these credits, and NIOSH-prepared LEED PtD 
webinars, is “amazing” among new pilot cred-
its. These LEED PtD webinars are being used 
by design professionals around the world. 

 � Major PtD advances in education include 
engineering textbook revisions to incorporate 
PtD design methods and examples (with 10 
through direct NIOSH PtD involvement, and at 
least 68 others independently revised). 

 � Development of 10 undergraduate PtD engi-
neering educational modules were initiated by 
NIOSH PtD with the first 4 published in 2013. 

NIOSH Prevention through Design Integrated Into LEED Green Building Certification  

NIOSH leads the national Preven-
tion through Design (PtD) initia-
tive, which has a goal to promote 
“designing out” or minimizing 
workplace hazards and risks during 
the design of facilities, equipment, 
and processes. By designing safety 
into a workplace at the outset, 
businesses can better-protect 
workers from risks of job-related 
injury, illness, or death, and save 
the greater costs of retroactive cor-
rection, clean-up, and liability. 

The Leadership in Energy and Envi-
ronmental Design (LEED) Program, 
an environment-oriented building 
certification program operating 
under the auspices of the U.S. 
Green Building Council (USGBC), is 
a globally renowned rating system 
for sustainable buildings, and it is 
the most widely used. LEED is used 
to rate nearly two million square 
feet daily. For developers, build-
ers, and owners, this certification 
is commercially advantageous for 
attracting buyers, renters, and 
leasers who seek environmentally 
sustainable, cost-efficient busi-
ness or residential space. It is 
also advantageous for property 

development in countries that re-
quire sustainable development or 
that provide financial incentives 
for “green” construction. Prior to 
2015, the LEED certification rating 
system addressed some health and 
well-being outcomes for building 
occupants, which includes manag-
ing indoor air quality. However, it 
did not focus on safety and health 
hazards affecting construction 
workers, building operations staff, 
and maintenance staff. 

NIOSH initiated a partnership with 
USGBC to develop and publish a 
new pilot credit focused on PtD 
practices. It addresses health and 
safety issues related to two impor-
tant building lifecycle phases—
operations and maintenance, and 
design and construction. Address-
ing the credit helps to attain the 
“green building” certification, 
while promoting safer, healthier 
work environments for those who 
construct, maintain, and occupy 
buildings.

USGBC hails its partnership with 
NIOSH for expanding the scope of 
the LEED rating system to include 
safety and health issues for those 

who construct and maintain facili-
ties. U.S. Green Building Council 
leadership reports that 25 build-
ing projects internationally have 
registered for the LEED PtD pilot 
credit, including projects in the 
United States, Ireland, and Qatar. 
A completed project in Vienna, 
Austria, was awarded a prestigious 
LEED Gold certification. By partici-
pating in the educational webinars 
developed by NIOSH for the PtD 
pilot credit, 647 design profession-
als around the world have earned 
continuing education credits. 

Details: New LEED Pilot Credit: 
Prevention through Design 
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 � Research and practice advances in PtD re-
sulted as NIOSH and partners have published 
case studies demonstrating positive return on 
investment business cases for PtD methods 
and designs. 

 � On-the-ground assembly and modular and 
prefabricated components that are hoisted 
into place are eliminating many fall hazards 
while adding productivity, reducing costs, and 
reducing worker injuries. 

 � Businesses are including safe access for future 
operating and maintenance work in their de-
signs for dangerous locations, such as access 
to tall ceilings and lighting, rooftop protection 
using parapets, and guarding of skylights. 

 � PtD case studies have contributed to 
the greatly increased availability and use 
of mechanical patient-lifting devices in the 
healthcare industry, which greatly reduces inju-
ries and worker compensation costs. 

 � Small businesses are benefiting from PtD work 
done across NIOSH, leading to quieter power 
tools, safer nail guns, increased awareness of 
safe ladder use, and more.

Small Business Assistance and Outreach 

The mission of the Small Business Assistance and 
Outreach (SBA) Cross-sector Program is to reduce 
occupational diseases, injuries, and fatalities that 
occur in small business establishments. This is ac-
complished through a comprehensive program 
involving research, prevention efforts, and public 
health activities. The SBA Cross-sector Program 
spans all workplace sectors. The program conducts 
high-quality research; develops and disseminates 
practical solutions to complex workplace safety and 
health problems; fosters partnerships with labor, 
industry, government, and other stakeholders; and 
promotes the transfer of research to practice. 

Internal partners include NIOSH divisions, labs, and 
offices and NIOSH sector and cross-sector pro-
grams. External partnerships developed over the 
decade have included trade associations, profes-
sional organizations, national business organiza-
tions, local chambers of commerce, state OSHA 
and workers’ compensation providers, academic 
institutions, local health departments, business 
health service providers, and federal OSHA. 

In the late 1990s and early 2000s, the NIOSH ef-
forts in improving occupational safety and health 

NIOSH Small Business Resource Guide Attracts Users

In 2012, firms with fewer than 20 
workers made up about 90% of 
companies and employed almost 
18% of U.S. workers. Smaller busi-
nesses tend to have higher work-
place illness, injury, and fatality 
rates than larger ones.

NIOSH is interested in demonstrat-
ing economically viable, practical 
solutions for common safety issues 
in small businesses, and it seeks to 
provide clear and effective tools for 
small businesses to improve health 
and safety in their workplaces.

The “NIOSH Small Business Re-
source Guide” is a collection of 
links to information identified as 

being valuable for small-business 
owners. The information is pro-
vided by organizations across the 
occupational safety and health 
community and includes topics 
on insurance and compliance, 
emergency preparedness, guides 
and handbooks, and safety plans. 
Many other influential organiza-
tions, including the Small Business 
Administration and local cham-
bers of commerce, have linked 
to the NIOSH guide from their 
websites. The NIOSH Small Busi-
ness Resource Guide is viewed 400 
to 500 times a month. Reflecting 
user needs, items in the guide that 
received little interest in an ear-
lier version were removed, while 

terms of high interest were given 
more priority. Users tend to find 
the guide using popular search 
engines, with common keywords 
including “checklist,” “safety plan,” 
or “safety tips.” 

Details: Small Business 
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in small business included the NIOSH publications, 
“Identifying High-Risk Small Business Industries” 
[NIOSH 1999b] and the “Safety and Health Re-
source Guide for Small Businesses” [NIOSH 2000], 
as well as a project that delivered occupational 
safety and health assistance materials to small busi-
nesses through partnerships with the National Fed-
eration of Independent Businesses and the Ohio 
Bureau of Workers’ Compensation. The founda-
tional work of these projects led to developing the 
Small Business Assistance Office (SBAO) Program 
in 2006. Initial program activity included two town 
hall meetings in 2006, and a stakeholder meeting 
in 2008 included several national experts in small 
business occupational safety and health. This work 
resulted in the first national small business occupa-
tional safety and health research agenda, which has 
subsequently been revised to reflect the evolution 
of the SBAO Program.

Surveillance 

Occupational safety and health surveillance is 
the ongoing systematic collection, analysis, inter-
pretation, and dissemination of information used 
to describe workplace injury, illness, hazard, and 
exposure. Occupational safety and health surveil-
lance information helps determine where work-
related injuries and illnesses occur, how frequently 
they happen, and where scarce resources can most 
effectively be applied to eliminate or reduce the in-
jury and illness burden to workers. Whether applied 
to known exposures or new exposures from newly 
developed products, a well-designed surveillance 
program allows researchers to recognize potential 
health hazards in industry and develop interven-
tions that will eliminate or reduce the health impact 
upon workers. Identifying and tracking occupation-
al injuries, illnesses, and hazards for the nation is 
fundamental to the NIOSH mission. To this end, the 
Surveillance (SUR) Program strives to provide quan-
titative estimates of injuries, fatalities, and occupa-
tional diseases; detect trends, outbreaks, or epi-
demics of workplace injuries and diseases; monitor 
changes in known hazards; identify emerging haz-
ards in the workplace; facilitate epidemiologic and 
laboratory research; generate new hypotheses for 
workplace safety and health; evaluate control and 
prevention measures aimed at improving safety 
and health; develop new technologies to improve 

surveillance data collection, management, and 
analysis; and provide results to the widest-possible 
audience. NIOSH actively partners with federal 
and state agencies and private-sector programs to 
conduct studies and communicate findings of oc-
cupational health surveillance research.

The Surveillance Cross-sector Program includes 
the surveillance work of all NIOSH divisions, labs, 
and offices. NIOSH scientists work with federal 
partners, state health and labor departments, 
academia, and professional associations (such as 
CSTE, the Council of State and Territorial Epidemi-
ologists). The connection between surveillance and 
end-impact (such as reducing work-related injuries 
and illnesses) is often indirect and can span many 
years; this fact is reflected in the types of impact 
most common from research in the Surveillance 
Program. 

Further activities and outcomes during the decade 
by each strategic goal (SG) are described below.

SG1: “Enhance national surveillance systems to 
prevent occupational illnesses, injuries, and  
hazards.”

 � Demonstrated the utility and feasibility of in-
cluding industry and occupation in the Behav-
ioral Risk Factor Surveillance System (BRFSS) 
core, with 25 states participating. States are 
analyzing the data and reporting the results in 
peer-reviewed journals and other publications 
(N=9).

 � Demonstrated utility of the Behavioral Risk 
Factor Surveillance System (BRFSS) Asthma 
Call-back Survey (ACBS) with up to 35 states 
participating. NIOSH and states published the 
results in peer-reviewed journals and other 
publications (N=16).

 � Conducted occupational health supplements 
to the National Health Interview Survey in 
2010 and 2015, publishing 16 peer-reviewed 
journal articles, 1 MMWR article, and providing 
sector-specific prevalence of health outcomes 
and exposures. Data from the 2010 Supple-
ment were used to establish a baseline for 
the 2020 Healthy People respiratory disease 
objective, RD-7.8.

 � Collected occupational injury data through the 
National Electronic Injury Surveillance System—
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Occupational Supplement (NEISS-Work), which 
were used to update child labor laws.

 � Launched a query system called Work-RISQS, 
making data from NEISS-Work publicly avail-
able. Work-RISQS allows users to produce 
national estimates of emergency-department-
treated occupational injuries by demograph-
ics, nature of injury, and injury incident charac-
teristics.

 � Produced a series of articles in peer-reviewed 
journals on tobacco use among workers.

 � Provided quality control for 22,000 spirograms 
for the NHANES 2007–2012 surveys.

SG2: “Enhance state-based surveillance systems 
and use of data at both the state and national lev-
els to prevent occupational illnesses, injuries, and 
hazards.”

 � Launched the state-based Occupational Health 
Clearinghouse to enable state-generated oc-
cupational health products to be shared widely 
through the Internet. It includes more than 
4,200 documents from 26 states.

 � Expanded the number of states with oc-
cupational health and exposure surveillance 
programs from 15 to 26 and supported state-
based surveillance of acute pesticide-related 
illness and injury, occupational traumatic 
fatalities, elevated blood lead levels in adults, 
work-related asthma, and silicosis. Example 
of impact—EPA updated its Agricultural 
Worker Protection Standard using NIOSH 
SENSOR-Pesticides data and publications. In 
collaboration with CSTE, reduced the recom-
mended adult blood lead level to 5 µg/dL from 
25 µg/dL.

 � Raised awareness of emerging hazards by 
working with states, such as the New Jersey 
and Texas state occupational health partners. 
This brought to light hazards of fabricating en-
gineered stone countertops, through a NIOSH 
Science Blog article, and an OSHA-NIOSH 
Hazard Alert. The first case of silicosis from en-
gineered stone in the United States was docu-
mented in MMWR “Notes from the Field.” 
Other documented hazards include occupa-
tional methylene chloride deaths associated 
with bathtub refinishing through state Fatality 

Assessment and Control Evaluation (FACE) re-
ports and an OSHA-NIOSH Hazard Alert, and 
fatalities to temporary workers through state 
FACE reports and an OSHA-NIOSH Recom-
mended Practices document.

 � Made recommendations to the Federal Avia-
tion Administration (FAA) to prevent air colli-
sions in Alaska by changing radio frequencies 
used by pilots and airports. Recommendations 
were accepted by the FAA, and changes were 
in effect on May 29, 2014.

SG3: “Enhance sector-specific surveillance systems 
to prevent occupational illnesses, injuries, and 
hazards.”

 � Conducted and published the U.S. Survey of 
Long-haul Truck Drivers, the first population-
based survey of its kind; demonstrated the sig-
nificant relationship between obesity, smoking, 
and work as long-haul truck driver; increased 
awareness of truck-driver safety and lack of 
seat belt use through March 2015 publications 
in MMWR and CDC Vital Signs. 

 � Evaluated best practices in more than 22 
healthcare disciplines, using a web-based 
survey for prevention of exposure to anes-
thetic gases, surgical smoke, antineoplastic 
drug administration and formulation, and 
other hazards. Demonstrated that despite 
existing guidelines being improved, and more 
consistent worker training and management 
vigilance is needed to ensure guidance is 
followed.

 � Issued publications providing rates for health 
outcomes and selected exposures for each of 
eight NORA sectors from analysis of the Na-
tional Health Interview Survey 1997–2012. 

 � Published a journal article that documented 
increasing prevalence of black lung disease 
among current coal miners.

 � Evaluated current knowledge of metal and 
nonmetal miner health status and summarized 
these findings in a journal article published 
February 2015.

 � Developed new Mining Industry Surveillance 
System surveys, conducted on a rotating basis, 
in mining sectors aligned with national mining 
associations.
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 � Conducted surveillance of personal protec-
tive equipment use among pesticide handlers, 
healthcare workers, and farm operators.

 � Conducted a fatality investigation of nine 
worker deaths due to overexposure to hydro-
carbon gases and vapors while the workers 
manually gauged tanks. Produced a NIOSH 
Hazard Alert, which helped the American 
Petroleum Institute to develop a new standard. 
This may have played a role in reducing attrib-
uted fatalities in 2015 to zero.

 � Demonstrated importance of surveillance at 
the fleet level to better understand safety issues 
in fishing fleets. The U.S. Coast Guard used 
findings from surveillance data to develop fleet 
safety programs across the United States. 

 � Developed a new passive-guarding system for 
deck winches as a result of surveillance and 
analytic epidemiologic studies of nonfatal and 
fatal injuries at a Gulf of Mexico shrimp fishery. 

 � Investigated fire-fighter traumatic and medi-
cally related line-of-duty deaths, through the 
efforts of the Fire Fighter Fatality Investigation 
and Prevention Program. Investigators trav-
eled to the site of the fatalities  to recommend 
methods to reduce similar fatalities within the 
fire service.

 � Conducted surveillance of farm-related injuries 
to youth on farms, farm operators, and farm 
workers through surveys conducted for NIOSH 
by the U.S. Department of Agriculture or the 
U.S. Department of Labor.

SG4: This strategic goal was retired in FY15 be-
cause of overlap with other SGs.

SG5: “Develop new methods for surveillance of oc-
cupational illnesses, injuries, and hazards.”

 � Developed and launched the NIOSH Industry 
and Occupation Computerized Coding System, 
a web-based industry and occupation coding 
system. Coded 16 million records since 2012, 
significantly more than using only coders. This 
saved NIOSH $1.25 million in coding costs. 

 � Formulated plans with CDC to include indus-
try and occupation in all CDC surveillance 
systems. 

 � Worked through the Council of State and Ter-
ritorial Epidemiologists (CSTE) to successfully 
reduce the recommended maximum blood 
lead level from 10 µg/dL in adults to 5 µg/dL. 
Identified new sources of adult lead exposure 
in U.S. workplaces.

 � Established Occupational Health Indicators, 
working through CSTE, which made silicosis, 

Acute Illnesses Associated With Pesticide Exposure at Schools

Pesticide exposure can result in 
acute illnesses if these chemicals 
are applied improperly, exposures 
are not effectively controlled, 
and exposures exceed safe limits. 
Schools may use pesticides on-site, 
or they may be in the path of pes-
ticides drifting from neighboring 
farm fields. The magnitude of these 
exposures, and the associated risk 
for the health of employees and 
students, were not well-measured. 
As a result, the public and private 
sectors often lacked scientifically 
sound data on which to base deci-
sions for employee and student 
safety. NIOSH assessed the risk 

factors for pesticide-related ill-
nesses at schools to help fill this 
knowledge gap, help prevent pes-
ticide-related illnesses at schools, 
improve practices to reduce pes-
ticide drift from nearby farms, and 
recommend pesticide spray buffer 
zones around schools. 

Because of the NIOSH work, the 
U.S. Environmental Protection 
Agency (EPA), advocacy groups, 
universities, state regulators, the 
pest-control industry, and oth-
ers, helped create laws or strong 
voluntary programs in several 
states. Five states supplemented 
the federal law to create more 

stringent state pesticide laws to 
protect children from pesticides at 
schools. The laws require schools to 
control pests using methods with 
the least-possible health risks.

Details: Acute Illnesses Associated 
With Pesticide Exposure at Schools 
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adult blood lead, and acute pesticide poison-
ing nationally notifiable conditions.

 � Established a NIOSH workgroup to address 
collection of work, including industry and oc-
cupation, in electronic health records (EHRs), 
to further occupational safety and health sur-
veillance and research. 

 � Raised recognition of work information as criti-
cal for including in EHRs by commissioning the 
International Organization for Migration (IOM) 
Letter Report, “Incorporating Occupational 
Information in Electronic Health Records” [We-
gman et al. 2011].

 � Expanded surveillance of health and injury out-
comes among healthcare workers employed 
in healthcare facilities through the web-based 
Occupational Health and Safety Network 
(OHSN). Traumatic injury from patient-handling 
is found to be highest in nurses and nursing 
assistants.

 � Expanded the use of follow-back studies 
through the National Electronic Injury Surveil-
lance System—Occupational Supplement 
(NEISS-Work) to conduct studies on occupa-
tional assaults, needlestick injuries, injuries 
to Emergency Medical Service workers, and 
assess underreporting of occupational injuries

 � Worked with the Bureau of Labor Statistics 
(BLS) and the National Highway Traffic Safety 
Administration (NHTSA) to match occupa-
tional motor vehicle fatality data from the BLS 
Census of Fatal Occupational Injuries (CFOI) 
with the NHTSA Fatality Analysis Reporting 
System (FARS). The matched data set provides 
a unique view of occupational motor-vehicle 
deaths by combining the detailed demograph-
ic data from the CFOI with the detailed crash 
data from the FARS.

The connection between surveillance and end-
impact (such as reducing work-related injuries and 
illnesses) is often indirect and can span many years; 
this fact is reflected in the types of impact most 
common from research in the Surveillance Program. 

Total Worker Health® 

The health risks and challenges facing today’s 
workers and employers are significantly different 

than they were when the Occupational Safety 
and Health Act of 1970 was signed into law. To-
day’s workers face not only the traditional risks 
of chemical, physical, and biological hazards, but 
also increased risks related to the changing nature 
of work, shifting workforce demographics and 
diversity, evolving employment patterns, and the 
changing workplace environment. In 2003, NIOSH 
started the Steps to a Healthier U.S. Workforce 
Initiative to explore the benefits of integrating the 
protection of workers from work-related safety and 
health hazards with efforts to prevent illness and in-
jury, in order to advance the comprehensive safety, 
health, and well-being of workers. One of the 
important outcomes of this initiative was the 2004 
Steps to a Healthier U.S. Workforce Symposium 
(Steps Symposium), which received overwhelming 
support from the stakeholder community [Schill 
and Chosewood, 2013]. Building on this enthusias-
tic support, the “Steps” initiative developed into 
the WorkLife Initiative. In 2011, NIOSH renamed its 
efforts from WorkLife to the Total Worker Health® 
Program (TWH). 

Building on four decades of scientific knowledge 
to prevent worker injury and illness, the TWH 
Cross-sector Program supports ground-breaking 
research that addresses the health implications 
of today’s changing workplace and responds to 
demands for information and practical solutions to 
the health, safety, and well-being challenges that 
workers face. The concept of Total Worker Health® 
is defined as policies, programs, and practices that 
integrate work-related safety and health hazard 
protections with efforts to promote methods to 
prevent injury and illness, which advances worker 
well-being. This approach prioritizes a hazard-free 
work environment for all workers and comprehen-
sively integrates workplace systems relevant to 
controlling hazards and exposures, organization of 
work, compensation and benefits, work-life inte-
gration/management, and organizational change 
management. Over the past 10 years, NIOSH and 
its extramural research Centers of Excellence to 
Promote a Healthier Workforce have advanced the 
growing body of evidence that shows combining 
occupational safety and health-protection program 
activities with workplace programs to prevent injury 
and illness is more effective at safeguarding worker 
safety, health, and well-being. Combining these 
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efforts produces better results than either of these 
programmatic activities alone. 

Over the past decade, the NIOSH Total Worker 
Health® (TWH) Cross-sector Program has strength-
ened long-standing collaborations and developed 
novel, innovative partnerships to safeguard workers 
and expand their health and well-being. Partners 
include NIOSH-funded extramural academic Cen-
ters of Excellence, and hundreds of occupational 
safety and health practitioners and researchers, 
workplace health and well-being professionals, 
labor partners, employers, and policymakers. In 
2014, the TWH Program launched the NIOSH TWH 
Affiliate Program to extend the impact and elevate 
the visibility of worker safety and health priorities. 
The Affiliates Program has 24 members represent-
ing universities, departments of public health, 
healthcare systems, labor organizations, federal 
agencies, and councils. 

Further activities and outcomes during the second 
decade are described below.

 � During NORA’s second decade, NIOSH 
launched and registered the trademark for 
the Total Worker Health® Program, catapulted 

communication and research-to-practice ef-
forts, and brought new audiences to occupa-
tional safety and health. Since 2011, more than 
15,000 workplace safety and health profes-
sionals participated in TWH trainings through 
in-person workshops, meetings, webinars, 
consultations, and other live forums. The e-
newsletter reaches more than 62,000 people 
quarterly. 

 � NIOSH funded four Centers of Excellence for 
Total Worker Health® during the second de-
cade. The centers have published many peer-
reviewed research articles, conducted critical 
workplace health surveys, and developed 
toolkits, training programs, and educational 
materials for workers and organizations across 
the nation.

 � To advance intramural capacity for TWH, NIOSH 
formed an internal steering committee of more 
than 60 NIOSH scientists to champion research 
integration with the Centers of Excellence, de-
veloped an intramural Seminar Series, developed 
TWH project-coding guidance for NIOSH project 
officers, and obtained special emphasis funding 
to advance collaborative research.

Dartmouth-Hitchcock Partners with NIOSH to Implement Total Worker Health®

The NIOSH Total Worker 
Health® (TWH) program pro-
motes a common-sense ap-
proach to safeguarding work-
ers—one that recognizes that 
protecting workers is enhanced 
by continuously nurturing a cul-
ture of safety, health, and well-
being in the workplace. When 
work is safer and workplaces are 
healthier, workers and employ-
ers both benefit.

NIOSH offers a TWH Affiliate 
program in which academic, 
nonprofit, labor, and govern-
ment organizations collaborate 
to promote TWH research and 
practice, pilot-test interventions, 

and launch innovative programs 
within their own organizations.

The Dartmouth-Hitchcock Medi-
cal Center became an inaugural 
member of the TWH Affiliate 
program in 2014. Dartmouth-
Hitchcock promotes and imple-
ments Total Worker Health® 
through its Live Well/Work Well 
program. Live Well/Work Well 
provides holistic health and 
safety services for Dartmouth-
Hitchcock employees by link-
ing safety, occupational health, 
mental-health services, primary 
care, and prevention efforts. 
One innovative component of 
the Live Well/Work Well pro-

gram identifies high-risk work 
units in the medical center and 
offers preventive interventions, 
including purchasing new safety 
technology or equipment, ad-
dressing the health implications 
of work schedules, or retrain-
ing managers and staff to work 
together more effectively to 
identify and address risk factors. 
The TWH-enhanced program 
benefits the health and safety of 
the medical center’s more than 
8,000 employees and provides a 
model for innovative programs 
by other healthcare industry 
leaders. 

Details: TWH® in Action!

http://www.cdc.gov/niosh/TWH/newsletter/TWHnewsv2n3.html
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 � TWH published the NIOSH Compendium of 
Seminal Papers on Total Worker Health®, a 
bibliography of high-profile TWH literature and 
reports and practice-based guidance, reach-
ing a combined quarterly average of 10,000 
unique website visitors. 

 � In 2014, the TWH Program commissioned an 
Institute of Medicine workshop and report that 
identified best practices for integrating worker 
safety with other workplace health programs; 
that same year, the TWH Program held the 
first International Symposium on Total Worker 
Health®, with 350 collaborating experts and 
practitioners. 

 � In 2015, TWH Program launched the NIOSH 
Center for Productive Aging and Work to 
champion, consolidate, and provide expertise 
and guidance on productive aging across the 
working lifespan. 

 � Partnering with NIH, the TWH Program con-
vened the Pathways to Prevention workshop 
to evaluate the current state of knowledge 
on integrated approaches to worker safety, 
health, and well-being and plot the direc-
tion for future research. Collaborating with 
stakeholders, the TWH Program developed 
and published in April 2016 a “National TWH 
Agenda” publication to highlight priority re-
search, practice, policy, and capacity-building 
goals for the decade ahead.
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on Driver Body Dimensions, 
http://www.cdc.gov/niosh/
docs/2011-188/

Improving Patient and Worker 
Safety: Opportunities for Synergy, 
Collaboration, and Innovation, 
http://www.jointcommission.org/
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New LEED Pilot Credit: Prevention 
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NIOSH Hazard Review: Health Ef-
fects of Occupational Exposure to 
Respirable Crystalline Silica, http://
www.cdc.gov/niosh/docs/2002-129/

NIOSH Hazardous Drugs List, http://
www.cdc.gov/niosh/docs/2014-
138/pdfs/2014-138.pdf

NIOSH Manual of Analytical Meth-
ods (NMAM), https://www.cdc.gov/
niosh/docs/2003-154/

NIOSH Pesticide Poisoning Monitor-
ing Program Protects Farmwork-
ers, http://www.cdc.gov/niosh/
docs/2012-108/

NIOSH Program Portfolio, http://
www.cdc.gov/niosh/programs/

NIOSH Research on Work Sched-
ules and Work-related Sleep Loss, 
http://blogs.cdc.gov/niosh-science-
blog/2012/03/09/sleep/

NIOSH Survey, http://www.ncbi.nlm.
nih.gov/pmc/articles/PMC4504242/

NIOSH Training for Nurses on Shift 
Work and Long Work Hours, http://
www.cdc.gov/niosh/topics/work-
schedules/default.html

NIOSH-Designed Technology Can 
Reduce Workers’ Exposure to 
Silica at Hydraulic Fracturing Sites, 
http://www.cdc.gov/niosh/updates/
upd-11-04-15.html

NIOSHTIC-2, https://www2a.cdc.
gov/nioshtic-2/default.asp

Occupational Cancer, http://www.
cdc.gov/niosh/topics/cancer/

Occupational Exposures to Styrene 
Vapor in a Manufacturing Plant 
for Fiber-Reinforced Composite 
Wind Turbine Blades, http://dx.doi.
org/10.1093/annhyg/mer021

Occupational Health Disparities, 
http://onlinelibrary.wiley.com/
doi/10.1002/ajim.v53:2/issuetoc

Occupational Violence, http://www.
cdc.gov/niosh/topics/violence/
training_nurses.html

Online Training Helps Protect 
Nurses and Other Healthcare 
Workers From Workplace Vio-
lence, http://www.cdc.gov/niosh/
docs/2015-118/

Part G of the Ryan White Act, http://
www.cdc.gov/niosh/topics/ryan-
white/

Personal Protective Technology, 
http://www.cdc.gov/niosh/pro-
grams/ppt/projects.html

Police and Stress, http://
blogs.cdc.gov/niosh-science-
blog/2008/06/30/police/

PPT Conformity Assessment, http://
www.cdc.gov/niosh/docket/ar-
chive/docket237.html

Productive Aging and Work, http://
www.cdc.gov/niosh/topics/produc-
tiveaging/ncpaw.html

Protecting Healthcare Workers: 
Preventing Needle Stick Injuries 
Toolkit, http://www.who.int/occu-
pational_health/activities/pnitool-
kit/en
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Quality of WorkLife Questionnaire, 
http://www.cdc.gov/niosh/topics/
stress/qwlquest.html

Reducing Hazardous Dust Expo-
sure When Cutting Fiber-Cement 
Siding, http://www.cdc.gov/niosh/
docs/wp-solutions/2015-185/
pdfs/2015-185.pdf Reduc-
ing Taxicab Homicides, http://
blogs.cdc.gov/niosh-science-
blog/2013/07/08/taxicab-homicides/

Report on the State of the Science 
and Directions for Future Research 
in Cleaning and Disinfecting Agents, 
http://www.ajicjournal.org/article/
S0196-6553(15)00075-9/fulltext

Research Agenda for the Nation, 
http://www.cdc.gov/niosh/nora/
comment/agendas/hlthcareso-
cassist/pdfs/HlthcareSocAssist-
Feb2013.pdf

Safe Patient Handling and Mobility: 
Interprofessional National Stan-
dards, http://nursingworld.org/
DocumentVault/OccupationalEnvi-
ronment/SPHM-Standards-Resourc-
es/Sample-of-the-SPHM-book.pdf

Safe-Skilled-Ready Workforce Pro-
gram, http://www.cdc.gov/niosh/
docs/2016-147/pdfs/2016-147.pdf

Safety-related Website, https://poly-
urethane.americanchemistry.com/
Spray-Truck-Bed-Liner/Truck-Bed-
Liner-Video.html

Skin Exposures and Effects, http://
www.cdc.gov/niosh/topics/skin/
skin-notation_profiles.html

Sleep and Work, http://blogs.
cdc.gov/niosh-science-
blog/2012/03/08/sleep-and-work/

Small Business, http://www.cdc.gov/
niosh/topics/smbus/

Spray Truck Bed Liner: Health, 
http://polyurethane.americanchem-
istry.com/Spray-Truck-Bed-Liner/
Health.html

State-of-the-Sector Report, http://
www.cdc.gov/niosh/docs/2009-
139/pdfs/2009-139.pdf

Stop Construction Falls: Safety Pays, 
Falls Cost, http://www.stopcon-
structionfalls.com/

Straight Talk About Nail Gun 
Safety, http://www.cdc.gov/niosh/
docs/2013-149/

Stress and Health in Law Enforce-
ment, http://blogs.cdc.gov/niosh-
science-blog/2012/08/13/polices-
tress/

Stress at Work, http://www.cdc.gov/
niosh/topics/stress
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Illnesses, http://www.bls.gov/iif/

The Sector and Cross-Sector Ap-
proach, http://www.cdc.gov/niosh/
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Total Worker Health® Twitter Chat 
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violence/training_nurses.html

Violence in the Workplace, http://gss.
norc.org/Website, https://www.cdc.
gov/niosh/topics/noise/pubs.html

What Works Best to Prevent Stress 
Among Healthcare Workers: 
Changing the Organization or Edu-
cating Staff?, http://blogs.cdc.gov/
niosh-science-blog/2014/12/11/
hc-stress/

Wholesale and Retail Trade, http://
www.cdc.gov/niosh/programs/wrt/
pubs.html/

Women’s Health at Work, http://
blogs.cdc.gov/niosh-science-
blog/2013/05/13/womens-health-
at-work/

Work Organization Measures Inven-
tory, http://www.cdc.gov/niosh/
programs/workorg/other.html

Work, Stress, and Health 2017: Con-
temporary Challenges and Oppor-
tunities, http://www.apa.org/wsh

Work, Stress, and Health: Help Us 
Plan the Next 25 Years, http://
blogs.cdc.gov/niosh-science-
blog/2015/07/01/workplace-stress/

Worker Exposure to Crystalline 
Silica During Hydraulic Fracturing, 
http://blogs.cdc.gov/niosh-science-
blog/2012/05/23/silica-fracking/

Worker Exposure to Silica During 
Hydraulic Fracturing, https://www.
osha.gov/dts/hazardalerts/hydrau-
lic_frac_hazard_alert.pdf

Workplace Safety and Women Pod-
cast, https://www2c.cdc.gov/pod-
casts/player.asp?f=11503

Workplace Stress, http://
blogs.cdc.gov/niosh-science-
blog/2007/12/03/stress/

Workplace Violence Prevention for 
Nurses, http://www.cdc.gov/niosh/
topics/violence/training_nurses.html

Young Retail Workers, http://www.
cdc.gov/niosh/topics/retail/default.
html?s_cid=3ni7d2twSCIBLOGyrwt
opic20156062016

http://gss.norc.org/
http://gss.norc.org/
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To receive NIOSH documents or more information about 
occupational safety and health topics, contact NIOSH at

1-800-CDC-INFO (1-800-232-4636) 
TTY: 1-888-232-6348 
CDC INFO: www.cdc.gov/info

or visit the NIOSH website at www.cdc.gov/niosh.

For a monthly update on news at NIOSH, subscribe to 
NIOSH eNews by visiting www.cdc.gov/niosh/eNews.

DHHS (NIOSH) Publication No. 2017-147

Delivering on the Nation’s promise: 
safety and health at work for all people 
through research and prevention
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