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Abstract

Objectives: Economic, social, technical, and political drivers are fundamentally changing the nature 
of work and work environments, with profound implications for the field of occupational health. Nev-
ertheless, researchers and practitioners entering the field are largely being trained to assess and 
control exposures using approaches developed under old models of work and risks.
Methods: A speaker series and symposium were organized to broadly explore current challenges and 
future directions for the occupational health field. Broad themes identified throughout these discus-
sions are characterized and discussed to highlight important future directions of occupational health.
Findings: Despite the relatively diverse group of presenters and topics addressed, some important 
cross-cutting themes emerged. Changes in work organization and the resulting insecurity and pre-
carious employment arrangements change the nature of risk to a large fraction of the workforce. 
Workforce demographics are changing, and economic disparities among working groups are grow-
ing. Globalization exacerbates the ‘race to the bottom’ for cheap labor, poor regulatory oversight, 
and limited labor rights. Largely, as a result of these phenomena, the historical distinction between 
work and non-work exposures has become largely artificial and less useful in understanding risks 
and developing effective public health intervention models. Additional changes related to climate 
change, governmental and regulatory limitations, and inadequate surveillance systems challenge 
and frustrate occupational health progress, while new biomedical and information technologies 
expand the opportunities for understanding and intervening to improve worker health.
Conclusion: The ideas and evidences discussed during this project suggest that occupational health 
training, professional practice, and research evolve towards a more holistic, public health-oriented 
model of worker health. This will require engagement with a wide network of stakeholders. Research 
and training portfolios need to be broadened to better align with the current realities of work and 
health and to prepare practitioners for the changing array of occupational health challenges.
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Introduction

The occupational health and safety field is in the midst 
of a significant transformation. Many researchers and 
practitioners entered the field during the 1970s, an era 
in which the Occupational Safety and Health Act was 
enacted, the labor movement was strong, and environ-
mental and women’s rights movements were on the rise. 
Since this time, economic globalization, technological 
innovation, economic transformation, and a waning 
labor movement, among other trends, have fundamen-
tally altered the landscape for occupational health.

In developed economies, the use of a number of 
highly toxic or carcinogenic industrial materials has been 
reduced, workplace exposures have diminished, and 
reported injury rates have gone steadily down (Creely 
et al., 2007; Bureau of Labor Statistics, 2014b). Yet in 
the USA alone, there are ~4500 deaths and 3 million inju-
ries and illnesses recorded annually on legally mandated 
logs in the workplace (Bureau of Labor Statistics, 2014a, 
2014c). The economic costs of these occupational inju-
ries are substantial (Leigh, 2011), and mostly borne by 
injured workers, their families, and taxpayer-supported 
programs (OSHA, 2015). However, it is well understood 
that reported occupational injuries and illnesses represent 
only a fraction of the true number (Azaroff et al., 2002; 
Spieler and Wagner, 2014). While estimating the burden 
of work-related injuries and illness is challenging due to 
multifactorial etiologies, latency, and underreporting, 
the impact of work-related psychosocial factors that can 
influence health or the contribution of working conditions 
to widening health disparities is even less well understood 
(Clougherty et al., 2010; Burgard and Lin, 2013).

Further, programs in industrial hygiene, occupational 
medicine, and occupational health nursing around the 
USA have experienced a decline in program funding and 
are attracting a decreasing number of supporting fac-
ulty (McAdams et al., 2011). These programs require 
updating of curriculum and research portfolios to stay 
current and responsive to the interests of students and 
needs of the workplace, as well as to remain competi-
tive for increasingly restricted funding. There is also 
indication that the effectiveness of traditional regulatory 
approaches has declined over time (Gray and Mendeloff, 
2005), suggesting that alternative strategies to control 
hazards need to be proposed, investigated, and evalu-
ated. Despite recognition of these trends, researchers 
and practitioners entering the field are largely trained 
to assess and control exposures using approaches devel-
oped under old models of work, which may not ade-
quately address health hazards in the workplace of the 
present and future.

The Future of Occupational Health Project

The ‘Future of Occupational Health’ Project was devel-
oped by faculty and students of Department of Envi-
ronmental and Occupational Health Sciences at the 
University of Washington to address these trends and 
to explore how macro-level changes may affect occupa-
tional health and safety research and practice. Further, 
we sought to understand if traditional approaches to 
assessing and controlling risks in the workplace being 
taught to trainees are out of date or even obsolete.

To aid this exploration, a series of speakers from dif-
ferent disciplines were invited to share perspectives on 
current challenges and future directions for the field. The 
speaker series culminated in a 2-day symposium explor-
ing the future of occupational health practice, research, 
and policy. The content of the symposium was informed 
by the speaker series, keynote talks from highly regarded 
minds in the field, and input from a diverse group of ~150 
symposium participants that included researchers, physi-
cians, policymakers, students, practitioners, and others. 
Presenters covered a number of themes with implications 
for worker health and safety and the future of the field. 
The topics addressed included occupational injury and 
illness surveillance, work organization, globalization, 
well-being, emerging investigative technologies, policy, 
regulatory and voluntary approaches to control, climate 
change, and vulnerable worker populations. Notes were 
collected during presentations and discussions at each 
speaker session and throughout the symposium. These 
notes were periodically collated and presented to a steer-
ing committee charged with providing direction for the 
project for consideration and further discussion. The 
authors further distilled these materials and ideas to the 
most important outcomes, including cross-cutting themes 
discussed by many speakers and in many different con-
texts, and general directions for developing a new vision 
of occupational health, described herein. Ideas emerging 
from this project form the basis for a continuing discov-
ery of key challenges within the field and future direc-
tions that will make the work relevant and effective in 
preventing the continuing burden of work-related injury 
and illness. The intent of this article is to report on these 
findings and to promote further discussion, planning, and 
innovation in research, training, practice, and policy ini-
tiatives related to the health of workers.

Summary of Outcomes and Emerging 
Cross-Cutting Themes

Through the speaker series, symposium, and resulting 
discussions, it became clear that the profound changes 
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in the nature of work and the understanding of worker 
health resulting from new economic, social, technical, 
and political forces necessitate a re-envisioning of occu-
pational health. Despite the relatively diverse group of 
presenters and topics addressed in the speaker series 
and symposium, some important cross-cutting themes 
emerged from the discussions (see Table 1).

Work organization
The organization of work—especially the decreasing 
prevalence of stable long-term employer–employee rela-
tionships and the growing use of contract, contingent, 
part-time, and temporary work—emerges as a pro-
found change affecting occupational health (Benach and 
Muntaner, 2007; Alterman et al., 2013; Katz and Krueger, 
2016). Such precarious employment arrangements have 
been associated with a variety of adverse physical health 
outcomes, including increased risk of occupational injuries, 
increased presenteeism (working while sick), reduced job 
satisfaction, worse self-reported health, and a number of 
mental health illnesses and disorders (Benach et al., 2014). 
Adding to this view of precarious work is the expansion of 
subcontracting, global supply chains, and franchise busi-
ness models, which have become the predominant system 
for lead brand companies, and described as the ‘fissuring of 
the workplace’ (Weil, 2014). Although precarious employ-
ment is not a new phenomenon, these large-scale shifts in 
workplace dynamics alter the landscape for the practice of 
occupational health professions in myriad ways.

The various forms of contract and contingent labor 
make identifying the employer responsible for working 
conditions less clear and more open to dispute. It means 
that workers likely have many different jobs and work-
sites (and employers and co-workers) over short periods 
of time and are thus less familiar with hazards in a par-
ticular site, as well as less accustomed to safe work prac-
tices and equipment. Likewise, temporary workers are 
more vulnerable to injury, and new workers are up to 
four times more likely to get injured in their first months 
on a job (Breslin and Smith, 2006; Smith et al., 2010). 
Employers may feel they have less investment in particu-
lar employees and therefore spend less on occupational 
safety and health systems within a company, including 
training, mentoring, protective systems, and supportive 
supervision. These forces may also cause workers to be 
more reluctant to exercise their rights by either advocat-
ing for their own working conditions or refusing partic-
ularly hazardous work (Mayhew et al., 1997; Aronsson, 
1999). Regulatory agencies are also confronted with 
workers who are reluctant to speak out, and employers 
who shift hazards to suppliers and subcontractors, often 
out of reach for inspection and enforcement.

Changing demographics and vulnerable popula-
tions
The changing demographics of the workforce in age, 
gender, race and ethnicity, and particularly nativity 
(immigrant status) were identified as another large-
scale shift occurring in recent decades. The increase in 
the number of women (Wagener et al., 1997; Fullerton, 
1999; Bureau of Labor Statistics, 2014d) and the aging 
(Hedge et al., 2006; Toossi, 2012) of the workforce have 
been widely discussed previously, and shifts in race, eth-
nicity, and nativity are potentially related to globaliza-
tion, discussed below. Immigrants are a growing part of 
the US labor force, making up over 16% (>23 million 
workers) of the total, compared to ~5% in 1970 (Singer, 
2012; Mosisa, 2013). Many of these foreign-born work-
ers earn less money than native workers (Mosisa, 2013) 
and work in high-risk industries, such as agriculture, 
healthcare, and construction, partly due to lower Eng-
lish-language ability and educational attainment (Orre-
nius and Zavodny, 2009). Consequently, these workers 
are more vulnerable to injury and death on the job (Loh 
and Richardson, 2004; Byler, 2013). Workers migrating 
from places with civil strife and/or who have risked their 
lives (and potentially those of their family) during migra-
tion may also have different expectations of safe work-
ing conditions (Whittaker, 2005). Further, workers who 
are members of racial or ethnic minorities, and/or are 
immigrants to the USA, may have less safety and health 
training, experience greater barriers (real or perceived) 
to occupational health services, may have less awareness 
of workers’ compensation insurance programs, and may 
access and use occupational health services differently 
(Lashuay and Harrison, 2010; OSHA, 2015). 

Another profound shift in the labor force is the 
increasing prevalence of obesity, diabetes, and other 
chronic diseases among the US working population 
(Anderson and Horvath, 2004). The cost, in terms of 
both direct medical expenses and lost productivity, due 
to chronic disease in the working population is substan-
tial and growing rapidly (Hertz et al., 2004; DeVol et al., 
2007; Hammond and Levine, 2010; Breton et al., 2013). 
These costs affect individuals, as well as their employers 
and the community at large, and suggest that a holistic 
approach to health in the workforce is needed.

Globalization
Globalization affects the movement of products, capital, 
and labor around the world. The competition for work 
that results can increase labor flexibility for employers 
but insecurity for workers, through limits on the exer-
cise of labor rights (Benach et al., 2007; Sparke, 2012). 
This occurs through corporate supply chains in which  
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Table 1. Identified emerging trends and challenges in worker health. 

Cross-cutting themes Resulting challenges

Changes in work organization

• Transition from standard employer relationships (i.e. stable,  

long term) to contract, contingent, part-time, and generally  

precarious employment

• Employers may perceive less of an investment in a worker, 

spending fewer resources on training, mentorship, protective 

systems, and supportive supervision

• Difficult to identify employer liability and responsibility for 

working conditions

• Workers may frequently change jobs and worksites, reducing 

familiarity with relevant hazards, work practices, and equip-

ment and limiting ability to perform employer- or place-based 

occupational epidemiology

• Increased reluctance by workers to exercise rights

• Reduced investment in occupational safety and health sys-

tems and in-house expertise

Changing demographics

• Aging workforce • Restriction of physical and mental abilities and increased 

presence of chronic disease

• More women in the workplace • Potential for alteration of psychosocial dynamics of work-

place and potential for discrimination, and increased impor-

tance of reproductive hazards and work/life balance

• Increasing diversity of workforce in terms of race, ethnicity, and 

nativity

• Potential for discrimination, increased vulnerability, weak-

ened collective identity and/or bargaining power and related 

stress, and increased health disparities

• Increasing the presence of chronic disease in labor force • Poor health is associated with reduction in hours of work, 

lower wage rates, early retirement, and disability transfer 

programs

Globalization

• Development of corporate supply chains in which providers  

of goods and services outsource production to vendors on a  

global scale

• Demand for greater ‘flexibility’ of workforce, leading to 

increased precarity of US employment and pressure against 

labor organization

• Increase in labor migration and immigrant workers • Emergence of post-industrial economies, shifting away from 

manufacturing towards service and transportation industries

• ‘Race to the bottom’ for regulation and policies, including 

wages, benefits, environmental, and labor rights

Interaction of work and non-work factors

• Acknowledgment that many factors contribute to health and 

safety of workers in addition to working conditions, including  

economic, social, and environmental conditions facing various 

worker populations

• Employment conditions are less ‘place based’, more dynamic, 

with higher frequency of job change

• Assessing relevant factors impacting worker health, including 

community-based conditions

• Understanding the role of work in supporting or compound-

ing these other determinants of health

Global climate change

• A changing climate, including rising temperatures, extreme  

heat, and weather events

• Increased risks to many workers, especially those working 

outdoors

• Likely to increase the number of catastrophic weather 

events, requiring a greater number of high-risk tasks from first 

responders and clean-up/remediation efforts
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providers of goods and services outsource production 
to vendor businesses on a global scale, and the result-
ing competition among vendors reinforces a ‘race to 
the bottom’ in terms of wages, workers’ rights, and 
safety. Globalization also reinforces pressures towards 
deregulation. For instance, international trade agree-
ments often include an attempt to harmonize regula-
tions, which involves the direct reworking of national 
laws. As a result, laws and regulations set up to pro-
tect health and safety—for example reducing limits on 
the usage of dangerous pesticides or labeling require-
ments—may be superceded to encourage trade (Sparke, 
2012). These anti-regulatory pressures affect the ability 
of governments to regulate the workplace (for example, 
by causing frequent shifting of worksites and/or reduced 
transparency and accountability along a supply chain) 

while also diminishing the significance of national agen-
cies and rules.

Although our focus here is on working conditions in 
domestic and developed world workplaces, the devas-
tating conditions and health and safety threats found in 
many developing economies are compelling for occupa-
tional health professionals. A number of factors within 
these economies—including use of child and forced 
labor, informal sector work, and a lack of corporate 
or governmental infrastructure—along with a shifting 
of hazardous operations to these unregulated markets, 
gives rise to a large toll of occupational health and injury 
burden (Benach et al., 2007). While documentation of 
such conditions calls attention to many of these prob-
lems associated with global markets, models for effective 
intervention in such conditions are badly needed.

• Forcing large-scale sociotechnical and economic changes that  

are fundamentally altering the global economy

• Formation of new industries and workplaces (e.g. renewable 

energy production and sustainable agriculture)

• Alteration of cultures in existing workplaces (e.g. altered 

hours for jobs that require working outdoors)

Decline in unionized workforce

• Reduction in the number and percent of the workforce  

organized by labor unions

• Historically, labor unions have been an important force 

for advocating for improved working conditions, developing 

regulations, and providing security to workers

Federal funding and policy trends

• Severe restriction of regulatory action • Keeping standards consistent with current scientific under-

standing is limited

• Emerging hazards may be difficult or impossible to regulate

• Declining funding for education and research • Increasingly difficult to recruit and support students for 

the field, increasing the potential for a shortfall in competent 

professionals

• Research activities are limited and faculty driven towards 

areas with more funding

Emerging technologies and data capabilities

• Advancements in technology create new opportunities to  

collect and analyze worker exposure and health data

• Understanding the role of work-related factors in the inte-

grated measures of effect (e.g. the exposome) requires incorpo-

rating workplace-specific measures of exposure

• Translation of results into preventive interventions is further 

obscured by advanced methodologies

Contribution of work to health disparities

• Widening socioeconomic status and health disparities are at  

least partially caused by, or mediated by, work conditions

• Work is an important contributor to health and well-being 

but may also be detrimental depending on workplace condi-

tions. Both influences should be addressed within worker 

health models

Table 1. Continued

Cross-cutting themes Resulting challenges
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Blurring of lines between work and non-
work risks
These new realities of the workplace coincide with 
another emerging theme: acknowledgement that 
workplace conditions contribute to, but do not solely 
determine, workers’ health. Rather, the health of the 
workforce results from an interaction of work and non-
work risk factors, which include everything from climate, 
to access to healthcare, to general legal and social condi-
tions, and to genetic factors. Further, working conditions 
may influence behaviors and other risk factors tradition-
ally thought to be beyond the purview of occupational 
health, for example stressful and demanding job char-
acteristics leading to coping behaviors such as tobacco 
or alcohol consumption. Indeed, traditional occupa-
tional health paradigms—i.e. specific exposures leading 
to specific outcomes among specific work groups, and 
the near complete separation of work-related risks from 
non-work related risks—are less and less useful (Schulte 
et al., 2012).

It is also important to recognize how the approach 
used in the occupational health paradigm differs from 
other aspects of public health, health promotion in 
particular. The occupational health model underscores 
the power dynamics in a particular environment as 
an important determinant of exposure and health and 
avoids seeing individual behavioral choices as the cen-
tral determinant of change or effective point of interven-
tion. Thus, the importance of worker participation and 
empowerment through training, collective bargaining, 
and workplace participation are key components of 
occupational health protection. While recognizing the 
blurring of the work and non-work influences on health, 
this importance of promoting worker agency in promot-
ing a healthful environment should not be overshad-
owed by a focus on behavioral interventions.

Total Worker Health® (TWH), as proposed by the 
National Institute for Occupational Safety and Health 
(NIOSH), which aims to integrate occupational health 
and safety with workplace health promotion, overlaps 
with the idea that work and non-work related risks are 
important to worker health, and can be addressed by 
programs and policies within the workplace (Schill and 
Chosewood, 2013). However, perhaps belying its origi-
nal intent, TWH interventions detailed in the literature 
to date have focused primarily on using the workplace to 
intervene on individual lifestyle derived risks (i.e. behav-
ior-focused health promotion at the workplace) (Anger 
et al., 2014; Feltner et al., 2015). In response to this and 
other stakeholder concerns, NIOSH has recently refined 
the definition and agenda for the program (NIOSH, 
2016) to better align with the concepts central to occu-

pational health that identify the workplace itself, with its 
technical, structural, and social organizational charac-
teristics, as a significant contributor to health and well-
being of the workforce.

Other Trends Affecting Occupational Health

While the developments identified above emerged as 
arguably the most significant trends impacting the nature 
and organization of work, a number of additional social, 
political, and technical factors affecting working condi-
tions and the health of workers also contribute to the 
changing scope of occupational health.

Decline in organized labor
The reduction in the number and percent of the work-
force organized by labor unions in the USA (Hirsch and 
Macpherson, 2014) has significant implications for occu-
pational health practice and policy (Malinowski et al., 
2014; Hagedorn et al., 2016). Labor unions have been 
an important force for health and safety laws and regu-
lations, represented workers in advocating with employ-
ers for improving conditions, and provided workers the 
job security required to advocate on their own behalf. 
The decline of labor representation, especially in the pri-
vate sector, reduces the impetus to public health action 
in the workplace. Although organized labor continues 
to play an important role in occupational health, other 
social movements and forms of worker organization 
may become increasingly important forums for work-
place health and safety.

Federal funding and policy trends
The field has experienced restriction of regulatory action 
and funding for both education and research. The Occu-
pational Safety and Health Administration (OSHA), the 
primary US regulatory agency for workplace health and 
safety, has produced a small number of new or revised 
health standards in its 46-year history. The recent prom-
ulgation of the first comprehensive standard for expo-
sure to crystalline silica dust (OSHA, 2016), after at least 
40 years of planning and failed attempts at regulation, is 
both a triumph and a stark lesson in the difficulty in reg-
ulating even well-recognized workplace hazards through 
the legal means available by OSHA, even when the evi-
dence of risk is substantial. Alternative approaches—
including publication of voluntary guidelines; public 
information campaigns about safe practices; as well as 
companies with records of violations and/or injuries and 
deaths among workers, and state and local standards 
and ordinances—have all proved to have potential, but 
cannot replace clear federal standards and enforcement. 
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Funding for occupational health research and teaching 
has continued to decline (McAdams et al., 2011). This 
trend has forced many university-based researchers reli-
ant on grant support to shift their focus to community 
environmental risks and away from workplace injury 
and illness, and also threatens a shortfall of competent 
professionals necessary to satisfy national demand for 
occupational health and safety services.

Global climate change
The rapidly changing global climate will affect work-
ers and workplaces in myriad ways (Kiefer et al., 2014). 
In addition to creating heightened heat-related risks to 
many workers, especially those working outdoors, cli-
mate change is likely to increase the number of cata-
strophic weather events, requiring a greater number of 
first responders and clean-up/remediation efforts, all of 
which may engender high-risk tasks. But global climate 
change is also forcing large-scale sociotechnical and 
economic changes that are fundamentally altering the 
global economy, producing new industries and work-
places (e.g. renewable energy production and sustainable 
agriculture), and profoundly changing cultures in exist-
ing workplaces (e.g. altered hours for jobs that require 
working outdoors, shifting of production to more hos-
pitable locations).

Emerging technologies and data capabilities
Technological developments have created new opportu-
nities to collect and analyze exposure and health data at 
multiple scales without necessarily making a clear dis-
tinction between risks at work and those outside work. 
Techniques such as metabolomics and proteomics permit 
collection of data on biological indicators of exposure 
and/or health conditions that can be compared among 
populations at risk. Likewise, low-cost sensors, distrib-
uted electronic sensing, and communication technologies 
(e.g. cell-phone-based applications) have the potential to 
identify risks and effects among large populations, both 
at work and at home (Weis et al., 2005). The concept 
of the ‘exposome’, which aims to integrate the sum of 
lifetime exposures from all sources, is another direction 
promising a framework for environmental, including 
occupational, risks, as well as to characterize health dis-
parities (Wild, 2012).

Additionally, new and improved methods and tools 
are becoming available to analyze exposure data (e.g. 
Geographical Information Systems, predictive risk 
assessment), and advances in information management 
and machine learning data analysis techniques are mak-
ing it easier to collect and analyze large data sets from 
multiple linked sources (Brownstein et al., 2009; Kamel 

Boulos et al., 2011; Khoury and Ioannidis, 2014). These 
technological advances provide an opportunity for 
improved surveillance of workplace exposures and their 
resultant injuries and illnesses and promote the study of 
multiple environmental stressors in the totality of work 
and non-work environments a worker may occupy.

Elucidating the Contribution of Work to 
Health Disparities: Moving From ‘Occupa-
tional Health’ to ‘Worker Health’

The trends in working conditions discussed earlier are 
also closely linked to a more general increase in dispari-
ties in both health and wealth. The enormous increase 
in income and wealth disparities between groups, espe-
cially in the US population, has been widely discussed 
(Saez, 2013). At the same time, the wide gulf in health, 
morbidity, and mortality between those in the top tier, 
and those struggling to survive, continues to increase 
(Kanjilal et al., 2006; Singh and Siahpush, 2006). The 
link between socioeconomic status and health dis-
parities is at least partially caused by, or mediated by, 
work conditions (Brand et al., 2007). Thus, the future 
of occupational health requires that we engage in the 
larger context of social determinants of health, recogniz-
ing how the structure of employment contributes to the 
health of populations. This broadened view of occupa-
tional health also provides the opportunity for linking 
occupational health with the wider community inter-
ested in social determinants of health (Lipscomb et al., 
2006; Clougherty et al., 2010; Burgard and Lin, 2013).

To accomplish this, the definition of ‘occupational 
health’ needs to expand to include a wider range of 
work conditions that are health supportive or potentially 
damaging to health and worker well-being. For instance, 
well-being in the workplace has been proposed as a 
more comprehensive goal for occupational health, going 
well beyond physical health or lack of disease (Schulte 
and Vainio, 2010; Schulte et al., 2015). While well-
being includes physically safe and healthful conditions, 
it also includes environmental factors affecting mental 
health and features social support, autonomy, and self-
determination in a more aspirational concept of holistic 
health. Because these broader constructs of worker well-
being are beyond our current industrial, regulatory, and 
health delivery paradigm, we will need to research on all 
aspects of a health and well-being-supportive workplace. 
The broad themes emerging from the Future of Occupa-
tional Health project provide an opportunity to redefine 
occupational health with a population-based model that 
moves from a focus on the workplace towards a focus 
on working populations—thus, ‘worker health’ instead 
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of ‘occupational health’. In this more public health-
oriented approach, the health of specific populations 
of workers (and their families and communities) can be 
addressed in a more holistic way, integrating physical 
and psychosocial health parameters and exposures that 
occur at work with non-work conditions that may arise 
at least partially from employment conditions.

Future Directions for Worker Health

A number of general directions are proposed for devel-
oping a new vision of worker health, including:

• engaging those outside the field about work-related 
health issues;

• expanding academic research portfolios; and
• development of improved, more broadly defined 

training for the professions in work and health.

Engaging others in work-related health issues
To ensure that future worker health research, educational, 
and service activities are able to address emerging trends 
discussed herein, it is critical to engage a network of 
leaders interested in the intersection of work and health. 
Thus, rather than seeing occupational health as a narrow 
technical field, we need to redraw the lines of interest 
across academic disciplines, business, labor and commu-
nity interests, and from key governmental agencies. This 
engagement allows the field to better connect relevant 
communities of interest to practitioners in occupational 
health, to identify and pursue new areas for collaboration, 
to develop new models of workplace and community 
intervention, and to reach high-risk worker populations.

Developing interdisciplinary networks across academic 
disciplines
It is critical that universities with worker health programs 
seek opportunities to develop academic collaborations for 
interdisciplinary teaching and research on work-related 
determinants of health. This will require engagement and 
building relationships with faculty that have expertise in 
social sciences, labor studies, business, economics, policy 
and political science, employment and human relations 
law, and occupational psychology. Within traditional pub-
lic health disciplines, researchers in social epidemiology, 
health disparities, and health promotion fields are critical 
to understanding the impact of work on health.

Engaging state and local government
The limitations of the OSHA law for effectively con-
trolling workplace risks, even in traditional ‘Standard 
Employment Relationship’-type contexts, are well known, 

and the impact of OSHA into the new forms of work 
organization is even more limited. Thus, while OSHA 
plays a critical role in defining a minimum set of criteria 
for a safe workplace, local and state governments provide 
significant opportunity for leading development of policy 
and shifting standards to address emerging challenges fac-
ing workers and their health. Universities and research 
institutions should therefore continue to seek opportuni-
ties to engage with practitioners involved in compliance, 
enforcement, and policy at state and local agencies.

Engaging community-based and labor organizations
In exploring new models of health and safety interven-
tion, the potential of community-based organizations, in 
addition to labor unions, as a locus to supply worker 
health resources should be developed. Opportunities 
abound to engage with workers through groups such 
as community centers, health clinics, faith-based orga-
nizations, national consulates, organizations that serve 
specific communities or industries, and worker centers, 
many of which have an interest in taking on worker 
health and safety issues. Development of these networks 
could help foster internships and other training oppor-
tunities for students and collaborative research projects, 
and by doing so, enhance the idea that the workplace is 
a primary determinant of health.

Engaging industry in new models of worker health
Engaging employers in developing a more holistic 
approach to supporting the health and well-being of 
workers will require development, demonstration, and 
communication of models of the costs and benefits to 
the enterprise of alternative workplace policies. Such 
programs would include both traditional occupational 
health programs, and supportive safety and health cli-
mate approaches, but may also extend to health-sup-
portive programs, pay and benefits, worker engagement, 
family leave policies, and other aspects of employment 
that affect health and well-being profitable. Studies 
to demonstrate how such programs affect productiv-
ity and profitability are key to promoting the adoption 
of such programs (Goetzel et al., 2007; Loeppke et al., 
2009; Tompa et al., 2009; Fabius et al., 2013). Models 
for such worker health-supportive management policies 
are needed to demonstrate their effectiveness within dif-
ferent industrial sectors, alternative work organizational 
models, and should include metrics for both economic 
and health outcomes. New production technologies 
such as ‘green’ production, product life-cycle assess-
ment, and other sustainability-related business practices, 
which consider worker health as a key outcome, are an  
additional direction for the development of healthy 
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communities (Schulte et al., 2013). Well-designed inter-
vention studies that test the effectiveness of such innova-
tions are a key methodology required for building the 
evidence base to support these changes.

Aligning with current social movements
One key challenge to the field is the apparent absence 
within the public consciousness of the enormous burden 
workplace injuries, illnesses, and deaths pose to society 
(Leigh, 2011). A number of long standing and recent 
social movements, such as race equity, labor rights, 
environmentalism and sustainability, gender and sexual 
equity, immigrant rights, and economic and health dis-
parities, have all garnered significant attention in recent 
years. By demonstrating the links between working con-
ditions and health and placing them within these wider 
social movements, the worker health field could better 
demonstrate its relevance to social progress.

Broadening academic research and training port-
folios
Academic programs will continue to evolve through 
faculty and staff hiring and retirement and through 
responses to perceived needs and funding opportunities. 
However, research institutions have the potential to make 
a much bigger impact on the future scientific basis and 
practice of worker health and to develop training pro-
grams that will support new directions and initiatives.

Integrating a broader concept of work-related exposures 
and risks
Whereas occupational health researchers and practitioners 
often focus on assessing physical risks in the workplace 
(e.g. work at height, chemical hazards), most are ill-
equipped to evaluate psychosocial conditions of work that 
may contribute to health and or disease (e.g. job-related 
stress, harassment). These psychosocial exposures may 
be especially important for workers engaged in precari-
ous employment where stress and economic impacts on 
health are potentially significant. Similarly, at-risk popula-
tions including immigrants, women, and racial or ethnic 
minorities may also be at risk for injury or illness due to 
general social conditions often ignored in biomedical and 
individually oriented theories of disease causation. Thus, 
research models should allow for more inclusive defini-
tions of health and well-being when examining the role of 
work on health, including integrating multiple dimensions 
of exposure and embracing social determinist frameworks.

Estimating the burden of work on health and well-being
Traditional estimates of the burden of occupational 
disease rely on the prevalence of specific occupational 

exposures (e.g. noise, asbestos), models of population 
exposures, and risks associated with those exposures. 
If we are to move towards a more inclusive measure 
of health impacts of work-related factors, new multi-
factorial metrics that incorporate stress, social support 
(at and outside of work), ergonomics, physical activity, 
organizational factors, and so forth will be needed. Mul-
tilevel approaches to worker health studies may allow 
for identification of groups with similar working condi-
tions, examine associations between working and living 
conditions and health, and provide a basis for preventa-
tive actions (Härenstam et al., 2003; Schulte et al., 2012; 
Goh et al., 2015). Such models will have to include both 
the supportive and detrimental aspects of employment 
and work on health and well-being.

Leveraging new investigative technologies
The use of distributed sensor technologies for both 
health and exposure assessment supports the idea that 
exposure and effects occur both at work and outside 
work, and can affect whole communities. Additionally, 
limitations of coverage and cost faced by worker health 
researchers and practitioners in assessing exposure sup-
ports the need to move to low-cost, high-throughput 
samplers that integrate exposures over long time peri-
ods—even if this means decreased accuracy and sensitiv-
ity. The potential for ‘big data’ to demonstrate patterns 
of exposure, including the varied exposures that occur at 
work, and their relation to health, may produce mean-
ingful associations. The various ‘omics technologies that 
use biological indicators of exposure and effects will cut 
across specific occupations to understanding the totality 
of environmental exposure as experienced by individuals 
and their communities. Thus, all of the burgeoning tech-
nologies associated with distributed or population-based 
exposure and health effects have the potential to further 
our understanding of work factors and health, but only 
if the delineate work-related factors associated with dif-
ferences observed within the data gathered.

Developing global health perspectives
The potential for work on effective monitoring and 
enforcement of labor and health standards throughout 
global supply chains is a potentially rich area for devel-
opment within occupational health and public health 
programs. Although a number of important investiga-
tions have demonstrated both the potentials and limita-
tions of voluntary supply chain regulation for improving 
working conditions (Locke, 2013), opportunities for 
building upon this work abound. Integration of a work-
place perspective into the global health campaigns being 
conducted through many agencies, foundations, and 
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universities (especially schools of public health) could 
greatly enhance their effectiveness. Supply chain regu-
lation is an important area for business strategies, and 
the field’s involvement in such efforts could be fruitful. 
There may also be opportunity for training supply chain 
regulators in the recognition of occupational health and 
safety violations. Incorporating global health perspec-
tives into occupational health can also drive domesti-
cally oriented research projects, including focusing on 
the special challenges facing high-risk immigrant and 
refugee worker populations within the USA.

Developing and improving curriculum
The jobs that graduates of occupational health programs 
are being prepared for may not reflect the jobs available 
in the future. Thus, revision of our current research and 
training portfolios are warranted to better align them 
with the current realities of work and health and to pre-
pare graduate students leaving their training programs 
for the changing array of worker health challenges they 
will likely encounter.

Strengthening competencies of graduates
The skills needed among worker health professionals to 
effectively address the issues discussed above go beyond 
many of the traditional occupational health methods. 
There is no doubt that the skills for effective worker 
health practice include traditional occupational hygiene, 
medicine, nursing, epidemiology, toxicology, and engi-
neering. But as we broaden our perspective, our research 
and professional communities will also need to under-
stand more of the social sciences, management, business 
economics, and policy processes—particularly to address 
psychosocial factors and population health determinants 
of workers’ health. Leadership, and the ability to effec-
tively communicate to varied audiences, which are com-
monly identified by employers as a place where worker 
health curriculum needs improvement (McAdams et al., 
2011), will become even more valuable in the future. 
Related, cultural competencies will become increasingly 
important to working with vulnerable and immigrant 
populations, as well as community-based organizations 
and international occupational health work. Addition-
ally, there is evidence that certain disciplines related to 
occupational health are facing a shortfall in sufficiently 
trained professionals, for instance in health physics and 
radiation protection (National Council on Radiation 
Protection and Measurements, 2013). Clearly, we can-
not expect any one training program to be able to do all 
of this, but we need to define the array of skills needed 
and how best to form specialties, all with an ability to 
address work and health.

Incorporating broader social, political, and legal  
contexts
Issues emerging from the project suggest occupational 
health practitioners would benefit from an improved 
understanding of the social, political, and legal contexts 
affecting workers’ health. This would involve incorpo-
rating teachings related to the social and economic con-
text of work and work organization; impact of health 
on business sustainability, labor, and political move-
ments and their impacts on work conditions; and the 
relationship between work and health disparities into 
existing classes, coursework, and seminars. Additionally, 
academic and research institutions could develop cur-
riculum elements that enhance teaching and learning for 
students engaged in general public health and social sci-
ence disciplines with interests in worker health (e.g. pub-
lic affairs, social work, labor studies), including studying 
current and emerging public health regulatory policy 
and structures that incorporate working conditions as a 
significant component of health at the individual, com-
munity, and society levels.

Conclusion

Economic, social, technical, and political drivers are 
fundamentally changing the nature of work and work 
environments, with profound implications for occupa-
tional health priorities. Over the past several decades, 
significant improvements have been made to measure-
able workplace conditions in the USA and in many other 
societies around the world. Yet the overall burden of 
occupational injuries and illnesses remains unaccept-
ably high.

Changes in work organization due to fissuring of 
organizations and the resulting insecurity and precarious 
employment arrangements change the nature of risk to a 
large fraction of the workforce. The workforce continues 
to diversify, as gender, age, race, nativity, and economic 
disparities among working groups are rapidly growing. 
Globalization exacerbates the ‘race to the bottom’ for 
cheap labor, poor regulatory oversight, and limited labor 
rights. These effects of globalization work both between 
countries and within the USA between localities compet-
ing for business investments.

Largely, as a result of these phenomena, the historical 
distinction between work and non-work exposures has 
become highly artificial and less useful in understanding 
risks or developing effective public health intervention 
models. Additional changes related to climate change, 
governmental and regulatory limitations, and inadequate 
surveillance systems challenge and frustrate occupational 
health progress, while new biomedical and information 
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technologies expand the opportunities for understanding 
and intervening to improve worker health.

It is incumbent upon worker health researchers, prac-
titioners, and policymakers to identify new and creative 
approaches to workplace health and safety as a compo-
nent of the changing workplace, economic, environmen-
tal, and public health priorities. The ideas and evidences 
discussed during this project suggest a reconceptualiza-
tion of ‘occupational health’ towards a more compre-
hensive and public health-oriented model addressing 
‘worker health’. In doing so, we need to retain the cen-
tral insight of occupational health, which identifies the 
structural work environment as the key focus for health 
intervention, through meaningful participation by work-
ers in enhancing their working lives. Through the lens of 
worker health, we can integrate specific conditions found 
at the workplace, including traditional physical, chemi-
cal, and biological hazards and psychosocial stressors, 
with the economic and social conditions created for indi-
viduals and communities through work. This integrated 
approach more directly addresses the role of work and 
work conditions in public health, including those giving 
rise to stark health disparities throughout society, and 
offers the field a tremendous opportunity to increase its 
positive contribution in promoting health and well-being 
of communities locally, nationally, and globally.

Acknowledgements

The speaker series and symposium was funded as a special 
project by the Department of Environmental and Occupational 
Health Sciences (DEOHS), University of Washington (UW). The 
views expressed in this manuscript are those of the authors; 
acknowledgement of those participating in the project leading 
to this manuscript does not imply their endorsement of these 
views. The authors acknowledge the guidance and support 
from the steering committee for this project, who in addition 
to the authors on this manuscript include D. Eaton (DEOHS 
and Dean, UW Graduate School), H. Frumkin (DEOHS and 
Dean, UW School of Public Health), D. Jacoby (UW at Bothell), 
D. Kalman (DEOHS), P. Rabinowitz (DEOHS), and M. Yost 
(Chair, DEOHS). Series and keynote speakers included X. Cas-
taneda (University of California at Berkeley), A. Kalleberg 
(University of North Carolina at Chapel Hill), H. Kromhout 
(Utrecht University), H. Lipscomb (Duke University), G. Mar-
kowitz (John Jay College of Criminal Justice), D. Michaels 
(OSHA), L. R. Murray (Cook County Department of Health), 
M. Schenker (University of California at Davis), P. Schulte 
(NIOSH), M. Sparke (UW), E. Spieler (Northeastern Univer-
sity), R. Vermeulen (Utrecht University), J. Volckens (Colorado 
State University), and G. Wagner (NIOSH). Important contri-
butions were also made by symposium facilitators J. Armstrong 
Gibbs, L. Lim, L. Kincl, K. Riley, and Ken Scott. We thank the 
speakers, those who submitted and presented abstracts at the 

symposium, and others involved in many discussions through-
out the project for their input and energy.

References

Alterman T, Luckhaupt SE, Dahlhamer JM et al. (2013) Preva-
lence rates of work organization characteristics among 
workers in the U.S.: data from the 2010 National Health 
Interview Survey. Am J Ind Med; 56: 647–59.

Anderson G, Horvath J. (2004) The growing burden of chronic 
disease in America. Public Health Rep; 119: 263–70.

Anger WK, Elliot DL, Bodner T et al. (2014) Effectiveness of 
total worker health interventions. J Occup Health Psychol; 
20: 226–47.

Aronsson G. (1999) Contingent workers and health and safety. 
Work Empl Soc; 13: 439–59.

Azaroff LS, Levenstein C, Wegman DH. (2002) Occupational 
injury and illness surveillance: conceptual filters explain 
underreporting. Am J Public Health; 92: 1421–9.

Benach J, Muntaner C. (2007) Precarious employment and 
health: developing a research agenda. J Epidemiol Commu-
nity Health; 61: 276–7.

Benach J, Muntaner C, Solar O et al. (2007) Employment, work, 
and health inequalities: a global perspective. Geneva, Swit-
zerland: WHO.

Benach J, Vives A, Amable M et al. (2014) Precarious employ-
ment: understanding an emerging social determinant of 
health. Ann Rev Public Health; 35: 229–53.

Brand JE, Warren JR, Carayon P et al. (2007) Do job charac-
teristics mediate the relationship between SES and health? 
Evidence from sibling models. Soc Sci Res; 36: 222–53.

Breslin FC, Smith P. (2006) Trial by fire: a multivariate examina-
tion of the relation between job tenure and work injuries. 
Occup Environ Med; 63: 27–32.

Breton M-C, Guénette L, Amiche MA et al. (2013) Burden of 
diabetes on the ability to work: a systematic review. Diabe-
tes Care; 36: 740–49.

Brownstein JS, Freifeld CC, Madoff LC. (2009) Digital disease 
detection—harnessing the web for public health surveil-
lance. N Engl J Med; 360: 2153–57.

Bureau of Labor Statistics. (2014a) Census of fatal occupational 
injuries summary, 2013. Available at http://www.bls.gov/
news.release/cfoi.nr0.htm. Accessed 1 June 2016.

Bureau of Labor Statistics. (2014b) Employer-reported work-
place injuries and illnesses, 2013. Available at http://www.
bls.gov/news.release/pdf/osh.pdf. Accessed 15 June 2016.

Bureau of Labor Statistics. (2014c) Employer-reported workplace 
injury and illness summary, 2013. Available at http://www.
bls.gov/news.release/osh.nr0.htm. Accessed 1 June 2016.

Bureau of Labor Statistics. (2014d) Women in the labor force: 
a databook. Available at http://www.bls.gov/opub/reports/
womens-databook/archive/women-in-the-labor-force-a-
databook-2014.pdf. Accessed 15 May 2016.

Burgard SA, Lin KY. (2013) Bad jobs, bad health? How work 
and working conditions contribute to health disparities. Am 
Behav Sci; 57: 1105–27. doi:10.1177/0002764213487347.

http://www.bls.gov/news.release/cfoi.nr0.htm
http://www.bls.gov/news.release/cfoi.nr0.htm
http://www.bls.gov/news.release/pdf/osh.pdf
http://www.bls.gov/news.release/pdf/osh.pdf
http://www.bls.gov/news.release/osh.nr0.htm
http://www.bls.gov/news.release/osh.nr0.htm
http://www.bls.gov/opub/reports/womens-databook/archive/women-in-the-labor-force-a-databook-2014.pdf
http://www.bls.gov/opub/reports/womens-databook/archive/women-in-the-labor-force-a-databook-2014.pdf
http://www.bls.gov/opub/reports/womens-databook/archive/women-in-the-labor-force-a-databook-2014.pdf


14 Annals of Work Exposures and Health, 2017, Vol. 61, No. 1

Byler CG. (2013) Hispanic/Latino fatal occupational injury 
rates. Washington, DC: Bureau of Labor Statistics. 

Clougherty JE, Souza K, Cullen MR. (2010) Work and its role 
in shaping the social gradient in health. Ann N Y Acad Sci; 
1186: 102–24.

Creely KS, Cowie H, Van Tongeren M et al. (2007) Trends in 
inhalation exposure—a review of the data in the published 
scientific literature. Ann Occup Hyg; 51: 665–78.

DeVol R, Bedroussian A, Charuworn A et  al. (2007) An 
unhealthy America: the economic burden of chronic disease. 
Santa Monica, CA: The Milken Institute.

Fabius R, Thayer RD, Konicki DL et al. (2013) The link between 
workforce health and safety and the health of the bot-
tom line: tracking market performance of companies that 
nurture a “culture of health”. J Occup Environ Med; 55: 
993–1000.

Feltner C, Peterson K, Weber PR et al. (2015) Total Worker 
Health®. Rockville, MD: Agency for Healthcare Research 
and Quality (AHRQ).

Fullerton HN Jr. (1999) Labor force participation: 75 years of 
change, 1950–98 and 1998–2025. Monthly Lab Rev; 122: 3.

Goetzel RZ, Shechter D, Ozminkowski RJ et al. (2007) Promis-
ing practices in employer health and productivity manage-
ment efforts: findings from a benchmarking study. J Occup 
Environ Med; 49: 111–30.

Goh J, Pfeffer J, Zenios S. (2015) Exposure to harmful work-
place practices could account for inequality in life spans 
across different demographic groups. Health Aff; 34: 1761–
68.

Gray W, Mendeloff J. (2005) The declining effects of OSHA 
inspections on manufacturing injuries, 1979–1998. Ind Lab 
Relat Rev; 58: 571–87.

Hagedorn J, Paras CA, Greenwich H et al. (2016) The role of 
labor unions in creating working conditions that promote 
public health. Am J Public Health; 106: 989–95.

Hammond RA, Levine R. (2010) The economic impact of obe-
sity in the United States. Diabetes Metab Syndr Obes; 3: 
285–95.

Härenstam A, Karlqvist L, Bodin L et al. (2003) Patterns of 
working and living conditions: a holistic, multivariate 
approach to occupational health studies. Work Stress; 17: 
73–92.

Hedge JW, Borman WC, Lammlein SE. (2006) The aging work-
force: realities, myths, and implications for organizations. 
Washington, DC: American Psychological Association.

Hertz RP, Unger AN, McDonald M et al. (2004) The impact of 
obesity on work limitations and cardiovascular risk factors 
in the U.S. workforce. J Occup Environ Med; 46: 1196–
203.

Hirsch B, Macpherson D. (2014) Union Membership and Cov-
erage Database from the CPS. Available at http://unionstats.
com/. Accessed 15 March 2016.

Kamel Boulos MN, Resch B, Crowley DN et al. (2011) Crowd-
sourcing, citizen sensing and sensor web technologies for 
public and environmental health surveillance and crisis 
management: trends, OGC standards and application exam-
ples. Int J Health Geogr; 10: 1–29.

Kanjilal S, Gregg EW, Cheng YJ et al. (2006) Socioeconomic 
status and trends in disparities in 4 major risk factors for 
cardiovascular disease among us adults, 1971–2002. Arch 
Intern Med; 166: 2348–55.

Katz LF, Krueger AB. (2016) The rise and nature of alterna-
tive work arrangements in the United States, 1995–2015. 
Available at http://krueger.princeton.edu/sites/default/files/
akrueger/files/katz_krueger_cws_-_march_29_20165.pdf. 
Accessed 1 June 2016.

Khoury MJ, Ioannidis JPA. (2014) Big data meets public health: 
human well-being could benefit from large-scale data if 
large-scale noise is minimized. Science; 346: 1054–55.

Kiefer M, Lincoln J, Schulte P et al. (2014) Climate change and 
occupational safety and health. Available at http://blogs.
cdc.gov/niosh-science-blog/2014/09/22/climate-change/. 
Accessed 1 May 2016.

Lashuay N, Harrison R. (2010) Barriers to occupational health 
services for low-wage workers in California. San Francisco, 
CA: University of California.

Leigh JP. (2011) Economic burden of occupational injury and 
illness in the United States. Milbank Q; 89: 728–72.

Lipscomb HJ, Loomis D, McDonald MA et al. (2006) A con-
ceptual model of work and health disparities in the United 
States. Int J Health Serv; 36: 25–50.

Locke R. (2013) The promise and limits of private power: pro-
moting labor standards in a global economy. New York, 
NY: Cambridge University Press.

Loeppke R, Taitel M, Haufle V et al. (2009) Health and produc-
tivity as a business strategy: a multiemployer study. J Occup 
Environ Med; 51: 411–28.

Loh K, Richardson S. (2004) Foreign-born workers: trends in 
fatal occupational injuries, 1996–2001. Washington, DC: 
Bureau of Labor Statistics.

Malinowski B, Minkler M, Stock L. (2014) Labor unions: a 
public health institution. Am J Publ Health; 105: 261–71.

Mayhew C, Quintan M, Ferris R. (1997) The effects of sub-
contracting/outsourcing on occupational health and safety: 
survey evidence from four Australian industries. Saf Sci; 25: 
163–78.

McAdams MT, Kerwin JJ, Olivo V et al. (2011) National assess-
ment of the occupational safety and health workforce. 
Washington, DC: National Institute for Occupational 
Health and Safety.

Mosisa AT. (2013) Foreign-born workers in the U.S. labor force. 
Washington, DC: Bureau of Labor Statistics.

National Council on Radiation Protection and Measurements. 
(2013) National crisis: where are the radiation profession-
als? Bethesda, MD: National Council on Radiation Protec-
tion & Measurements.

NIOSH. (2016) National Total Worker Health® agenda (2016–
2026): a national agenda to advance Total Worker Health® 
research, practice, policy, and capacity. Washington, DC: 
Department of Health and Human Services, Centers for 
Disease Control and Prevention, National Institute for 
Occupational Safety and Health.

Orrenius PM, Zavodny M. (2009) Do immigrants work in risk-
ier jobs? Demography; 46: 535–51.

http://unionstats.com/
http://unionstats.com/
http://krueger.princeton.edu/sites/default/files/akrueger/files/katz_krueger_cws_-_march_29_20165.pdf
http://krueger.princeton.edu/sites/default/files/akrueger/files/katz_krueger_cws_-_march_29_20165.pdf
http://blogs.cdc.gov/niosh-science-blog/2014/09/22/climate-change/
http://blogs.cdc.gov/niosh-science-blog/2014/09/22/climate-change/


Annals of Work Exposures and Health, 2017, Vol. 61, No. 1 15

OSHA. (2015) Adding inequality to injury: the costs of fail-
ing to protect workers on the job. Washington, DC: US 
Department of Labor, Occupational Health and Safety 
Administration. Available at https://www.dol.gov/osha/
report/20150304-inequality.pdf. Accessed 1 June 2016.

OSHA. (2016) Occupational exposure to respirable crystalline 
silica. 29 C.F.R. § 1910, 1915, and 1926. Washington, DC: 
US Department of Labor, Occupational Health and Safety 
Administration.

Saez E. (2013) Striking it richer: the evolution of top incomes 
in the United States (updated with 2012 preliminary esti-
mates). Berkeley, CA: University of California.

Schill AL, Chosewood LC. (2013) The NIOSH Total Worker 
Health™ program: an overview. J Occup Environ Med; 55: 
S8–11.

Schulte PA, Guerin RJ, Schill AL et al. (2015) Considerations for 
incorporating “well-being” in public policy for workers and 
workplaces. Am J Publ Health; 105: e31–44.

Schulte PA, McKernan LT, Heidel DS et al. (2013) Occupational 
safety and health, green chemistry, and sustainability: a 
review of areas of convergence. Environ Health; 12: 31.

Schulte PA, Pandalai S, Wulsin V et al. (2012) Interaction of 
occupational and personal risk factors in workforce health 
and safety. Am J Publ Health; 102: 434–48.

Schulte P, Vainio H. (2010) Well-being at work—overview and 
perspective. Scand J Work Environ Health; 36: 422–29.

Singer A. (2012) Immigrant workers in the U.S. labor force. 
Washington, DC: Brookings Institution.

Singh GK, Siahpush M. (2006) Widening socioeconomic 
inequalities in US life expectancy, 1980–2000. Int J Epide-
miol; 35: 969–79.

Smith CK, Silverstein BA, Bonauto DK et al. (2010) Temporary 
workers in Washington State. Am J Ind Med; 53: 135–45.

Sparke M. (2012) Introducing globalization: ties, tensions, and 
uneven integration. Oxford, UK: Wiley-Blackwell.

Spieler EA, Wagner GR. (2014) Counting matters: implications 
of undercounting in the BLS survey of occupational injuries 
and illnesses. Am J Ind Med; 57: 1077–84.

Tompa E, Dolinschi R, de Oliveira C et al. (2009) A systematic 
review of occupational health and safety interventions with 
economic analyses. J Occup Environ Med; 51: 1004–23.

Toossi M. (2012) Labor force projections to 2020: a more 
slowly growing workforce. Monthly Lab Rev; 135: 
43–64.

Wagener DK, Walstedt J, Jenkins L et al. (1997) Women: work 
and health. Vital Health Stat 3; 31: 1–91.

Weil D. (2014) The fissured workplace. Cambridge, MA: Har-
vard University Press.

Weis BK, Balshaw D, Barr JR et al. (2005) Personalized exposure 
assessment: promising approaches for human environmen-
tal health research. Environ Health Perspect; 113: 840–48.

Whittaker W. (2005) Labor practices in the meat packing and 
poultry processing industry: an overview. Washington, DC: 
Congressional Research Service.

Wild CP. (2012) The exposome: from concept to utility. Int J 
Epidemiol; 41: 24–32.

https://www.dol.gov/osha/report/20150304-inequality.pdf
https://www.dol.gov/osha/report/20150304-inequality.pdf

