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ABSTRACT

The Safe Home Care Project investigated both qualitatively and quantita-
tively a range of occupational safety and health hazards, as well as injury
and illness prevention practices, among home care aides in Massachusetts.
This article reports on a hazard identified by aides during the study’s initial
focus groups: smoking by home care clients on long-term oxygen therapy.
Following the qualitative phase we conducted a cross-sectional survey among
1,249 aides and found that medical oxygen was present in 9 percent of aide
visits (314 of aides’ 3,484 recent client visits) and that 25 percent of clients
on oxygen therapy were described as smokers. Based on our findings, the
Board of Health in a local town conducted a pilot study to address fire hazards
related to medical oxygen. Medical oxygen combined with smoking or other
sources of ignition is a serious fire and explosion hazard that threatens not
only workers who visit homes but also communities.
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Home care is one of the fastest-growing industries in the United States: according
to Bureau of Labor Statistics data for 2013, personal care aide and home care aide
are projected to be the second- and third-fastest growing jobs during the period
2012-2022 [1]. The growth reflects numerous factors: an aging population,
advances in medical technologies, health care cost containment, improved
infection control, and the desire of most Americans to be cared for at home.
Improvements in medical care mean that people may live longer and more
independently with chronic diseases than in prior generations. As a result, the
demand for home care services is increasing rapidly, and aides may be assisting
clients who have complex chronic conditions and ongoing medical therapies [2].
Data from the National Health Interview Survey show that among adults in the
United States aged 75 and over, about 11 percent required help with activities
of daily living (ADLs) that pertain to moving and caring for one’s body, such
as eating, dressing, or bathing; and 20 percent required help with instrumental
activities of daily living (IADLs) that support an independent life style, such as
household chores or shopping tasks [3].

Home care aides provide the support that allows clients to live at home rather
than in institutional settings. Home care aides are predominantly female and
increasingly immigrant, minority, and older [4]. Despite high demand, aides
represent one of the nation’s lowest-paid occupational groups, with median
annual pay in 2012 of approximately $20,000 [1]. The companionship clause of
the Fair Labor Standards Act exempted many home care aides from minimum
wage and overtime protection. In September 2013, the U.S. Department of Labor
issued the federal rule to extend minimum wage and overtime protection to
home care aides—the rule will become effective in January 2015 [4, 5].

The home care setting and home care aides represent a typical changing
workplace and workforce in the United States, with considerable regulatory
policy challenges: private homes have become workplaces for a significant
number of workers, and this trend will continue to increase in the future. Occu-
pational safety and health (OSH) hazards are difficult to evaluate in highly
variable private residences. Furthermore, the workforce is geographically
dispersed and transient. From the care work perspective, the home is a less
organized, less controlled, and more unpredictable care environment than a
facility-based care setting such as a hospital or nursing home [4, 6, 7]. Govern-
ment regulations apply in only a limited way to home care. For example, the
2001 revised Bloodborne Pathogens Standard applies to the home care or
home health care agency but does not regulate working conditions in a home.
If a worker is employed by an agency, the employer is responsible for non-
site-specific requirements of the standard (e.g., exposure control plan, provision
of personal protective equipment, engineering controls), but the employer is
not responsible for site-specific violations in the home (e.g., housekeeping,
maintaining a sanitary worksite, ensuring the use of engineering controls or
personal protective equipment (PPE)) [4, 8, 9].
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In 2010, the National Institute for Occupational Safety and Health (NIOSH)
funded the University of Massachusetts Lowell to investigate both qualitatively
and quantitatively a broad range of occupational safety and health hazards
among home care aides in Massachusetts. The research effort is known as the
Safe Home Care Project—with the formal title of Safety and Health for Home
Care Workers in Social Assistance and Healthcare. It builds on the research
team’s earlier study, Project SHARRP (Safe Home Care and Risk Reduction for
Providers, during 2004-2009). Project SHARRP investigated the risk of sharps
injuries and other blood exposure in home health care [6, 7]. The project team,
in collaboration with the Massachusetts Department of Public Health’s Occu-
pational Health Surveillance Program, has partnered with other sector stake-
holders, such as home care agencies, labor unions, an industry group, and
government agencies. The project seeks to improve safety and health in home
care through investigation of the challenges, hazards, and promising practices
in delivery of increasingly complex care in homes; identification of effective,
preventive interventions; and development and distribution of educational
materials for home care workers, agencies, and other beneficiaries.

OBJECTIVE

This article focuses on an unanticipated finding identified by the Safe Home
Care Project study: the hazards of medical oxygen in home care when oxygen
users are smokers. This fire hazard was first identified in focus groups and then
further evaluated in a large-scale survey of home care aides’ occupational safety
and health experiences, a post-survey evaluation, and a pilot intervention.

BACKGROUND

Home cooking equipment, smoking materials, and heating equipment are
leading causes of residential structure fires, injuries, and civilian home fire
deaths [10]. Medical oxygen combined with smoking or with any other source
of ignition is a serious fire and explosion hazard.

Oxygen therapy is used to prevent or treat hypoxia, the deprivation of adequate
oxygen supply to the body [11]. It is prescribed for chronic medical conditions
including chronic obstructive pulmonary disease (COPD), late stage heart failure,
cystic fibrosis, and sleep-related disorders such as sleep apnea [12]. The most
prevalent of these conditions is COPD, also known by other names, such as
emphysema or chronic bronchitis; in the United States, approximately 6.3 percent
of adults (an estimated 15 million) have physician-diagnosed COPD [13], and
almost as many, 12 million, are estimated to have undiagnosed COPD [14].

In 2004, approximately 1.3 million Medicare beneficiaries rented oxygen
concentrators, the most common type of home oxygen equipment for this popu-
lation [15]. Data on non-Medicare procurement of medical oxygen is limited.
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However, a very conservative estimate suggests that a total of over 2 million
oxygen systems are in use throughout the United States—that is, one out of
every 147 residents in the United States has an oxygen concentrator [16, 17].

Recent newspaper and journal articles confirm that burns and fires related
to smoking and home oxygen use are a growing problem and a serious public
safety threat [18-20]. Data from the National Fire Protection Association (NFPA)
show that during the period 2003-2006 hospital emergency rooms treated 1,190
thermal burns per year caused by ignitions associated with home oxygen equip-
ment (in most cases, the fire department was not involved) [16]. In 73 percent
of these burns, smoking materials provided the ignition source. The NFPA also
estimates oxygen equipment was involved in an average of 182 home fires
annually, with 46 civilian deaths and 60 civilian injuries; one in four fires resulted
in death [16]. There is no safe way to smoke while using oxygen. Even if oxygen
has been shut off, it may have saturated and lingered on hair, clothing, curtains,
furniture, and bedding in the area [16].

METHODS

This study was part of the Safe Home Care Project at the University of
Massachusetts Lowell (UML), funded by the National Institute for Occupational
Safety and Health (NIOSH). The overall study investigated a broad range of
OSH hazards and good work practices among home care aides in Massachusetts.
The study implements a research-to-practice approach designed in three major
phases: 1) pre-survey qualitative phase including12 focus groups and 26 in-depth
interviews [4]; 2) cross-sectional survey questionnaire administered among 1,249
home care aides in Massachusetts; and 3) post-survey qualitative phase including
feedback on our survey findings as well as focus groups and in-depth interviews
to seek further interpretation of our survey findings and home care aides’ recom-
mendations for preventive interventions. The focus group, interview, and survey
protocols were built on methods developed for a previous study of sharps injuries
in home health care [6, 7, 21]. All focus group, interview and survey protocols
were approved by the UML Institutional Review Board. Each participant pro-
vided signed informed consent.

The study’s focus group and survey population included home care aides
who were employed by private agencies and personal care attendants (PCAs)
who were self-employed and hired directly by home care consumers or their
surrogates. In our study, we used the term “home care aide” to include a range
of aide job titles, unless otherwise noted. Agency employees included home
health aides, personal care homemakers, homemakers, and companions. PCAs
were hired and supervised directly by eligible consumers receiving MassHealth
(Massachusetts Medicaid administrator) insurance coverage for assistance with
ADLs. PCAs are organized by a labor union, and the Massachusetts PCA Quality
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Home Care Workforce Council acts as the employer of record in collective
bargaining negotiations [22].

In the cross-sectional survey, we invited employees with direct client care
job duties at partner agencies and consumer-hired PCAs to complete a ques-
tionnaire describing their demographics, workplace characteristics, hazards and
injury/illness outcomes, and characteristics of recent client visits. Home care
aides received the questionnaire either through an on-site recruitment event
(agency employees) or via United States postal mail service (PCAs). PCAs
returned the questionnaire by mail; participants at agencies returned the ques-
tionnaire either in person at on-site in-service training events in their agencies
or through the mail.

Following analysis of the preliminary survey results, home care aides and
PCAs received by mail a brochure briefly summarizing the findings. Partner
agency managers and the union representative received a detailed report as well
as the summary brochure. Along with the brochure and/or report, each recipient
received a feedback form and postage-paid reply envelope, along with the
invitation to comment on the survey findings. Details of the survey methods
are reported elsewhere [23].

At the time of submitting this manuscript, the study’s post-survey qualitative
phase is underway. To date, we have received 85 completed feedback forms
from home care aides and managers on our survey findings. We have scheduled
eight focus groups and six in-depth interviews during March-April 2014 to seek
home care aides’, agency supervisors’, and union representatives’ perspectives
on our survey findings.

To better understand the real-world implementation of possible solutions,
we conducted a pilot intervention study in a local Board of Health (BOH). In
Massachusetts, BOHs are required by state statute to perform duties for pro-
tection of public health, control of disease, promotion of sanitary living condi-
tions, and protection of the environment [24].

RESULTS

This section presents findings from our qualitative and quantitative research.
Oxygen and smoking was a prevalent theme in our pre-survey focus groups
with home care aides; therefore this issue was also assessed in our subsequent
cross-sectional survey.

Study Population

Our pre-survey qualitative phase included 12 focus groups involving 99
home care aides and in-depth personal interviews with 26 stakeholders repre-
senting home care agency management, labor union leadership, the workers’
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compensation industry system, and home care clientele. Details of this first
study phase are reported elsewhere [4].

The cross-sectional survey questionnaire was administered among 1,249 home
care aides in Massachusetts. The survey response rate among agency-employed
aides was 84 percent and among PCAs 30 percent. The details of the main survey
findings are reported elsewhere [23].

Oxygen Reports during the Pre-Survey
Qualitative Study Phase

Our pre-survey qualitative study findings showed that common OSH hazards
among home care aides include back and shoulder pain/injuries, verbal and
physical abuse, falls inside and outside the home, bloodborne pathogen expo-
sures, and long-distance driving [4]. In addition, an unexpected hazard emerged:
fire safety related to clients on medical oxygen therapy. A particular concern
was smoking by home care clients while on oxygen therapy.

When we asked about general hazards and dangerous situations in their home
care work, in six out of the 12 focus groups, home care aides cited clients smoking
while on oxygen. A focus group participant expressed the following:

Yeah, when the people like are using the oxygen and they smoke in the
house. . . . It’s happened sometimes, it’s happened. Even when they know
they’re not supposed to do it. Even when you report it, they still do it and
there’s nothing you can do about it . . . you can refuse to go into the house . . .
we can say I’m not going there because you are smoking and you have the
oxygen, but some people they don’t care.

In some cases, a client would shut off the oxygen before smoking. In other
cases, as illustrated by this quote, a client would remove the cannula from his/her
nose and smoke:

And the worst part is, [the client] takes the oxygen off her nose and puts it
on the chair, and lights a cigarette.

—Home care aide in Safe Home Care Project focus group

Finally, a client would smoke with oxygen still being delivered nasally [4]:

I have a client that is on oxygen and she smokes while she has it on. She
doesn’t want to stop, she has had social workers, nurses, everybody you can
think of going in there to tell her to stop. I actually see sparks on her nose.
So now, when I go in I just tell her, you can’t smoke. Some days I’m there
an hour and a half, some days two hours. So she has to go two hours without
smoking a cigarette . . . she was outside, she drove a scooter and she had her
oxygen on her face and she saw a neighbor and she took her oxygen off
her face to smoke the cigarette and the neighbor said to her, you don’t need
to take that off your face. She said yes I do and she said no you don’t, you
can smoke with it on. So she’s been smoking with it on ever since.

—Home care aide in Safe Home Care Project focus group

540 / GALLIGAN ET AL.



Two home care industry representatives (out of 13 industry representatives)
described their perspectives in in-depth interviews:

Yes, [smoking is] very common. You know, if they want to smoke, we
can’t stop them, but then we would tell them that the aide would have to
leave while they’re smoking. But then they get upset and then they don’t like
the aide, and then they don’t want the service. And they need the service. . . .
the aides are only there for a short amount of time, so then what happens
afterwards when the aide leaves, then they’ll smoke again with the oxygen.

—Home Care agency supervisor

. . . clients are smoking. It’s a concern if the client has oxygen in the house,
but you see that too. Smoking with oxygen. That’s a big problem. We have
that in training. The big hazard for the worker, the client, and the whole
building.

—Home care industry representative

Oxygen Reports in the Survey

After the qualitative phase, the topic was further evaluated in the cross-
sectional survey. The survey asked specific questions about the most recent five
clients visited in the past month and included questions related to oxygen use and
smoking during each visit by the client and/or other individuals in the home.

The results showed that 9 percent of clients/consumers were on oxygen and
of this group, 25 percent of them were reported to be smokers (see Table 1). In
homes where the client was on medical oxygen, 19 percent of the aides reported
exposure to secondhand smoke on their last visit. (This includes smoking by
other individuals in the home.)
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Table 1. Clients’ Oxygen Use and Smoking Behaviors

Client
visits

(n = 3,484)
Percent

(%)

Clients reported by aides as smokers

Client on oxygen

Of clients on oxygen, number/percentage who smoke

Of clients on oxygen, number/percentage of their aides who
were exposed to secondhand smoke during their visita

422

314

77

61

12

9

25

19

aIncludes secondhand smoke from other smokers in the home.



Post-Survey Feedback

Following analysis of the survey results, a summary brochure of key findings
was sent to each survey participant. We invited feedback and included a
postage-paid envelope and a single-page anonymous form asking for: 1) safety
or health tips for someone new to home care; 2) the most important occu-
pational safety and health concerns for the respondent personally; and 3) other
comments and suggestions. Among the 84 participants who provided feedback
(7% response rate), one person included the safety tip: Make sure client does
not smoke with oxygen!!!

More generally, a number of the comments addressed oxygen and smoking,
fires, and secondhand smoke (see Table 2).
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Table 2. Participant Feedback on Survey Findings

Theme

Oxygen
and

smoking Fire

Second-
hand

smoke

Question: If you could share one or two job safety or health tips for someone just
starting out in home care, what advice would you give them?
Aides’ responses:

Make sure client does not smoke with oxygen!!!

Extinguish cooking fire with a lid or by

extinguisher foam.

If a fire alarm goes off and no one [is] rushing out

I try to call the [police] and then [let others

indoors know] there is a fire.

!

!

!

Question: In your opinion, what are the most important safety and health
concerns for you personally in your home care work?
Aides’ responses:

Secondhand cigarette smoke.

I am worried regarding fires. I don’t like smoking,

as it is hard to breathe in closed areas.

That client . . . wouldn’t smoke while getting

service.

Keeping the environment clean, no smoking . . .

while I am in the house

Can they [the client] get out if there’s a fire.

!

!

!

!

!

!



Pilot Intervention in Local Town

We presented our Safe Home Care Project study findings about medical
oxygen and smoking to a local Board of Health and asked if the BOH was
interested in taking on this topic as a project to benefit the town. No specific
guidelines were established and there were no incentives offered, other than
access to the expertise of the Safe Home Care Project team. There was strong
interest and with the Board’s approval, the BOH agent agreed to manage the
pilot project. Over a period of approximately six months, the agent spearheaded
a three-faceted approach: 1) she convened a project stakeholder group that
included the Fire Chief, Council on Aging (COA), Library, and multi-unit
housing managers; 2) she obtained a small state grant that resulted in develop-
ment of a manual entitled “Protecting Community Members From Tobacco
Hazards” [25] (this is a resource manual for fire department, police, other first
responders, COA, churches, multi-unit housing managers, service providers
and businesses, and other stakeholders (including resources for landlords and
condo associations to implement smoke-free policies)); and 3) she established a
partnership with a medical school for conducting a two-week population health
clerkship in which medical and nursing graduate students explored the problem
and conducted outreach to the community. Five students signed up for the
internship. Their work included the following: literature review, community talk
at the library, resource materials for the BOH website, and interview with the
COA that was aired on community cable TV (with periodic re-runs).

Although it was impossible to measure a direct impact of this short intervention
study, the obvious benefits were raised awareness (prior to the study, no one
other than the fire chief was aware of the potential for medical oxygen and
smoking hazards in the community), engagement and development of resource
materials for stakeholders, presentation of the topic at regional health networking
groups, and education of the next generation of medical professionals (the
students participating in the clerkship). This was accomplished at low cost
and in a short period of time, which hints of the potential impact if similar
efforts became widespread. The intervention study serves as a model for BOHs
of other towns.

DISCUSSION

The results showed that fire safety around clients who smoke while on oxygen
therapy was a concern for home care aides. Among their clients, medical oxygen
therapy frequently coexisted with smoking, creating an environment with a
heightened risk of fire. Aides reported on recent client visits: of clients who were
on oxygen, almost 25 percent smoked, and the aides were exposed to secondhand
smoke in 19 percent of the visits to clients on oxygen. Secondhand smoke in itself
is a well-characterized health hazard and classified by the International Agency
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for Research on Cancer (IARC) as carcinogenic to humans (Group 1) [26].
Long-term oxygen therapy is most commonly prescribed for patients who have
later-stage chronic obstructive pulmonary disease, a serious lung disease which
makes it difficult to breathe and causes long-term disability [27]. Roughly 10
percent of adults in the United States aged 65 and older have physician-diagnosed
COPD [14]. Smoking is the dominant cause of COPD [28], and long-term expo-
sure to other lung irritants—such as air pollution, chemical fumes, or dust—also
may contribute [27]. COPD is now the third leading cause of death in the United
States [27]. Oxygen therapy increases survival for COPD patients and offers
other benefits as well, including improved exercise capacity, lung mechanics,
and mental state [29, 30]. Because smoking is typically the root cause of COPD,
and given the difficulty of smoking cessation, it is reasonable to expect—and our
data show—that many clients receiving oxygen therapy are current smokers.

Oxygen Therapy and Fire Hazards

Oxygen is one of three elements necessary for fire: heat (or ignition source),
fuel, and oxygen. Adding oxygen makes any existing fire burn hotter and faster,
and fuels in the vicinity can ignite at lower temperatures than usual [16]. With
medical oxygen in use, the area around the client can become enriched with
oxygen. When an ignition source is added, hair, oils on the skin, clothing,
furniture, hair spray, cosmetics, skin lubricants, hand sanitizers, and other
materials ignite and burn readily in the oxygen-rich environment (Figure 1).
User manuals for virtually all oxygen concentrators warn that no smoking or
open flames should be allowed around the system due to serious fire hazards.
Most also warn against the use of oils, petroleum products, or grease.

Despite the warnings, smoking in the presence of oxygen equipment is
common. There are compelling statistics and estimates on fires, burns, deaths,
and property damage involving home medical oxygen [16, 20]. The NFPA
extrapolation of information in the Consumer Product Safety Commission’s
National Electronic Injury Surveillance System (CPSC NEISS) database for
2003-2006 (a probability sample of emergency rooms) suggests that 1,190 burns
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Figure 1. Oxygen therapy and fire hazards.



occur annually that are related to medical oxygen use [16]. Smoking materials
provided the ignition source in 73 percent of these burns, with the next largest
sources being stove or oven (10%) and candles (9%). In the vast majority of
actual emergency room cases examined (87% or more), the fire department was
never called [16].

The NFPA also analyzed home fires based on national fire experience statis-
tics from the U.S. Fire Administration’s (USFA) National Fire Incident Report-
ing System (NFIRS) and NFPA’s annual survey of U.S. fire departments
(2002-2005) and derived estimates pertaining to fires in which oxygen adminis-
tration equipment was involved. Their analysis suggests that during 2002-2005,
oxygen administration equipment was involved in an average of 182 home
fires reported to local fire departments annually, resulting in an estimated 46
civilian deaths and 60 civilian injuries per year. That is, a civilian was killed
in one of every four oxygen fires, and a civilian was injured in every one of
three incidents [16].

As this article was being written, the local news station reported two fires
in Massachusetts caused by smoking in the presence of home oxygen. In the first
fire, three people were injured, one seriously, and six people were displaced.
Later that day, a second fire injured one person and displaced eleven people [31].

Where Do Solutions Lie?

In the quality control world, a model called the 1-10-100 rule states that at
each stage where a problem is not fixed, the cost of addressing it at the subsequent
stage increases ten-fold [32]. Cost is not just monetary, but also includes the
complexity of solutions and the potential for harm. Applying the model to the
problem of long-term oxygen therapy and smoking (Figure 2) suggests that this
problem could be addressed at six stages.
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Guided by the industrial hygiene hierarchy of hazard controls, we see that
the most effective protections are the upstream ones (Table 3).

The typical approach for addressing oxygen fire hazards has been counseling
and education of patients and families; that is, administrative controls. Infor-
mation provided focuses on fire safety tips, such as: do not smoke, check for
working smoke detectors, avoid using petroleum products, avoid open flames,
keep 10 feet away from ignition sources, and use signage to alert residents and
visitors to use of medical oxygen and its associated fire hazards. Another form of
administrative control is evident in the accreditation program of home health
providers by the Joint Commission (accreditor of health care organizations and
programs in the United States). As part of accreditation, health care providers are
surveyed for compliance with the Joint Commission’s National Patient Safety
Goal number 15.02.01 (Identify risks associated with home oxygen therapy,
such as home fires), in which home health providers must assess and promote
the safe use of oxygen among patients [33]. This goal was introduced in 2008 in
response to reports of patients injured or killed in home fires related to oxygen
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Table 3. Oxygen and Smoking-Related Fire Prevention from the
Perspective of the Industrial Hygiene Hierarchy of Hazard

Type of control
Examples

(and Intervention Stage)
Level of

protection

Elimination of
the hazard

Prevent need for medical oxygen via
population-based interventions

and public policies:
Smoking prevention (Stage 1)
Smoking cessation (Stage 2)
Smoking bans (Stages 1-2)

Most protective

Least protective

Substitution (not applicable)

Engineering
controls

Oxygen equipment features that prevent
ignition and/or spread of a fire (Stages 4-6)

Residential sprinkler systems (Stage 6)

Administrative
controls

Education on safe use of oxygen (Stages 4-5)
Use and reinforce use of safe personal

practices (Stages 4-5)
Check potential sources of spark (Stage 5)

Check smoke detector (Stage 6)

Personal
protective
equipment

(not applicable)



use. The Joint Commission focus is on patient safety, rather than occupational
safety and health. Accreditation of home care agencies that provide support
solely for ADLs (versus medical care) is rare, but raising the standards for
home health services delivered under Medicare will ultimately benefit the home
care industry as a whole. However, the drawback of administrative controls is
their reliance on long-term individual behavior change, which is known to be
difficult to bring about.

Because most long-term medical oxygen therapy results from smoking and
COPD, the most effective interventions will be those that prevent, reduce, and
eliminate smoking: passing smoke-free laws, taxing tobacco, changing social
norms regarding smoking through hard-hitting anti-tobacco campaigns and elim-
ination of advertising and promotional cues to smoke, and providing access to
smoking cessation programs and clinical care that incudes cessation medication
[34]. Ideally, reinforcements should be provided so that not smoking is the
preferred option. For example, smoking ban policies (in homes, workplaces,
and towns) have been shown to protect nonsmokers from secondhand smoke,
and are also associated with smoking reduction and cessation [35]. Within the
health care community, adoption of COPD chronic care models oriented toward
health promotion and prevention of disease complications can ensure that COPD
patients’ health conditions remain stable as long as possible, delaying the need
for oxygen therapy [36].

An avenue complementary to smoking prevention and cessation is applying
the Prevention through Design model, in which occupational safety and health
needs are addressed in the design process to prevent or minimize the work-related
hazards and risks associated with the construction, manufacture, use, main-
tenance, and disposal of facilities, materials, and equipment [37]. As the largest
supplier of oxygen concentrators, Medicare is well-positioned to foster develop-
ment of inherently safer equipment by mandating that Medicare funds be used
solely for equipment meeting defined performance criteria. Existing national
and international consensus codes and standards for both home medical oxygen
and industrial oxygen systems offer relevant guidance for improved home
oxygen equipment. For example, ISO 8359:1996/AMD 1:2012 (Oxygen concen-
trators for medical use—safety requirements) requires a thermal fuse (or fire
break) located close to the nasal cannula in oxygen concentrators to prevent
the spread of fire from the cannula to the oxygen concentrator [38]. Another
standards body, the International Electrotechnical Commission (IEC), charged
with revising its standards on oxygen concentrators, infers that most instructions
for medical device use, including the warnings, are never read. IEC standards are
therefore based on the expectation that devices designed for home use must
be intrinsically safe [38].

Residential sprinkler systems can also play a role in preventing or slowing the
growth of fires and allowing for a safe escape. Many state and local building
codes now require residential sprinkler systems. In addition to saving lives,
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sprinklers can also protect property from destruction, and in many situations
this means that residents will also have a place to live and enough resources
to continue living their lives as they did before [39]. Even with sprinklers, the
NFPA study [40] suggests that oxygen-fueled fires can progress so quickly
that sprinklers may still be inadequate for preventing fatalities, particularly to a
home care client in poor health. While sprinklers can be one facet of protection
against oxygen fires, true solutions are further upstream.

Our pilot intervention suggests that immediate public health actions can
take place at the community level, even in the absence of significant financial
resources. In addition to the obvious stakeholders (fire department, health depart-
ment, council on aging), we also engaged the next generation of medical pro-
viders and residential building owners/managers, who can implement protec-
tive actions and policies that will yield long-lasting protection against medical
oxygen fires. Raising awareness about long-term oxygen therapy and smoking at
the community level and within public health networks will provide further
impetus for change.

Workplace Practice and Policy Considerations
to Address Broader OSH Concerns in Home
Care Work Environments

Only recently has the U.S. health care industry started paying more attention
to the direct link between patient safety and worker safety [4, 41, 42]; earlier,
patient safety was the main focus and less importance was given to health care
workers’ safety. The Safe Home Care Project findings show that client safety
and worker safety are inseparable in home care: home hazards—like home
oxygen units—become home care workers’ safety risks [4]. Home care agency
supervisors interviewed by the Safe Home Care Project explained that before
admitting a new client as a case, an initial client evaluation is carried out by a
case manager or authorized agency clinician—this baseline home evaluation
emerged as one of the most potent safety intervention points by providing the
basis for development of a care plan and specifying needed changes in the
home environment [4]. The Safe Home Care Project study findings also empha-
sized the importance of teaching safety to aides in both new employee orien-
tations and annual in-service trainings. Finally, when considering the critical
client-worker safety link, it is essential to identify ways to provide safety training
and information to home care clients.

CONCLUSIONS

Although oxygen therapy coupled with continuing smoking behavior is a
relatively unrecognized hazard in the OSH community, the practice is receiving
more widespread attention in mainstream media (newspapers, television) due to
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the catastrophic impacts. Medical oxygen combined with smoking or with any
other source of ignition is a serious fire and explosion hazard that threatens
not only workers who visit homes but also communities. Key leverage points
for improving OSH around home medical oxygen are: 1) societal policies and
actions that prevent or minimize smoking; 2) engineering design interventions
that address occupational safety and health in the design process to prevent or
minimize the work-related hazards related to oxygen therapy; 3) home care
agency’s new client baseline evaluation by a case manager or other clinician;
4) new employee orientations and in-service trainings for home care aides; and 5)
education and information campaigns for home care clients. The Centers for
Medicare and Medicaid Services can be a key actor, as the largest provider of
home oxygen systems.

The increasing prevalence of home as a work environment poses a chal-
lenge for existing OSH regulatory models that were designed for traditional
workplaces and with management as a responsible party. Health and safety
policies must take into consideration that residences are workplaces for
today’s workforce.

ACKNOWLEDGMENTS

This study was funded by Grant Number 2R01OH008229 from the National
Institute for Occupational Safety and Health. The Board of Health
received funding for the pilot study from the Community Transformation
Grant awarded by the U.S. Centers for Disease Control and Prevention to the
Massachusetts Department of Public Health in partnership with the Metropolitan
Area Planning Council.

We thank our Safe Home Care Project members for their contributions:
Natalie Brouillette, Daniel Okyere, and Chuan Sun. We are grateful to all
home care aides and clients, home care agency managers, and home care labor
union staff who participated in the Safe Home Care Project focus groups,
interviews, and survey. Thanks to the following contributors to the Board of
Health pilot study: Terry Curran, Dr. Suzanne Cashman, and the medical and
graduate nursing students from the University of Massachusetts Medical
School Population Health Clerkship.

AUTHORS’ BIOGRAPHIES

CATHERINE GALLIGAN, M.S., is a Project Manager and Research Asso-
ciate for the Sustainable Hospitals Program at the University of Massachusetts
Lowell. Her research interests include reducing occupational and environmental
hazards in home care and health care settings. Catherine authored a workbook
for hospitals on mercury reduction and selection of safer alternatives, published
articles on hazards associated with medical sharps, and has produced numerous

FIRE HAZARD: HOME OXYGEN THERAPY AND SMOKING / 549



fact sheets for front line workers on pollution prevention and safety and health
topics. She holds Masters degrees in Manufacturing Engineering and Work
Environment (with a concentration in ergonomics) and has two decades of
manufacturing engineering experience in which she developed production
processes and implemented interventions to protect employees from occupational
hazards. Contact her at Catherine_Galligan@uml.edu

PIA MARKKANEN, Sc.D., is a Research Professor in the Department of
Work Environment at the University of Massachusetts Lowell. Dr. Markkanen
has been a co-investigator on the National Institute for Occupational Safety
and Health (NIOSH)-funded Safe Home Care Project, which investigates a
wide range of occupational safety and health hazards and promising practices
among home care aide occupations in Massachusetts, as well as for Project
SHARRP (Safe Home Care and Risk Reduction for Providers) which evaluated
sharps injury and other blood exposure risks among home health care nurses
and home health aides. In 2009, Baywood published her book entitled Shoes,
Glues and Homework: Dangerous Work in the Global Footwear Industry.
She earned a doctorate in work environment from the University of Massa-
chusetts Lowell in 2004 and master’s of science in chemical engineering
from Lappeenranta University of Technology, Finland, in 1992. Contact her at
Pia_Markkanen@uml.edu

LINDA FANTASIA, M.A., is the Health Agent for the Town of Carlisle,
Massachusetts, a position she has held since 1995. She is a member of the
Massachusetts Health Officers Association and serves on the executive com-
mittee for the Massachusetts Public Health Region 4A. Linda organized the
Carlisle Lyme Disease Subcommittee and the Middlesex Tick Task Force (a
regional collaboration) to address tick-borne illnesses, which are critical health
concerns in the region, and is active in the Local Emergency Planning Committee
and the Carlisle Medical Reserve Corps Executive Committee. In collaboration
with local universities, Linda mentors graduate school public health candidates
and acts as a community facilitator for medical students in a health outreach
curriculum that produces educational materials on various topics including
tick-borne diseases, medical oxygen, smoking and senior fire safety. Linda
earned her B.A. from Northeastern University and M.A. from Georgetown
University. Contact her at LFantasia@carlisle.mec.edu

REBECCA J. GORE, Ph.D., a graduate of the University of New Mexico,
is an applied statistician on staff in the Department of Work Environment
at the University of Massachusetts Lowell. She has experience in regression
modeling of various types including robust regression, regression smoothing
and mixed and multilevel models. Other areas of interest are causal inference
and Bayesian modeling. Dr. Gore handles database design, data management,
data validation and statistical programming functions for various occupational
health studies and exposure assessment projects as well as teaching statistical
programming and biostatistics. She has collaborated on numerous studies of

550 / GALLIGAN ET AL.



occupational health outcomes including musculoskeletal disorders, cancers,
mental health, asthma, and acute injury. Contact her at Rebecca_Gore@uml.edu

SUSAN SAMA, R.N., Sc.D., is a Research Professor in the Department of
Work Environment at the University of Massachusetts Lowell. She graduated
from University of Massachusetts Lowell with B.S.N. in nursing and then
completed a doctorate of Science in Epidemiology. Dr. Sama is a respiratory
epidemiologist and has studied asthma and chronic obstructive pulmonary
Disease (COPD); she just completed a study evaluating environmental triggers
of COPD exacerbation. She is interested in promoting health and safety in
home care workers and has worked with colleagues to investigate injuries and
hazards in home care for both nurses and home health aides. She collaborates
on projects to promote mammography screening in non-adherent women and
to reduce hospital readmission rates by improving the quality of medical infor-
mation given and received during post acute care transitions. Contact her at
Susan_Sama@uml.edu

MARGARET M. QUINN, Sc.D., C.I.H., is a Professor in the Department of
Work Environment and Director of the Sustainable Hospitals Program at the
University of Massachusetts Lowell. She is the Principal Investigator of the
Safe Home Care Project, funded by the National Institute for Occupational Safety
and Health (NIOSH), to protect and promote the occupational health and safety
of home care workers. The Safe Home Care research team works with a large
partnership network of industry, labor, government, academic, and community
stakeholders. While in graduate school at the Harvard School of Public Health,
Dr. Quinn had the opportunity to participate in the Occupational Health Intern-
ship Program directed by Tony Mazzocchi with the Oil, Chemical and Atomic
Workers Union. She is a founding member of the women’s committee of the
Massachusetts Coalition for Occupational Safety and Health. She is a member
of the NIOSH National Occupational Research Agenda (NORA) Healthcare
and Social Assistance Council and the NIOSH Prevention through Design Com-
mittee. Contact her at Margaret_Quinn@uml.edu

NOTES

1. Bureau of Labor Statistics, “Employment Projections: Fastest Growing Occupa-
tions,” U.S. Department of Labor, 2013, http://www.bls.gov/emp/ep_table_103.htm
(accessed May 5, 2014).

2. C. Caffrey et al., “Home Health Care and Discharged Hospice Care Patients: United
States, 2000 and 2007,” National Health Statistics Reports; no. 38 (2011): 1-27,
http://www.cdc.gov/nchs/data/nhsr/nhsr038.pdf (accessed August 7, 2014).

3. Centers for Disease Control and Prevention, Vital and Health Statistics: Series 10,
Number 259. Summary Health Statistics for the U.S. Population: National Health
Interview Survey, 2012, http://www.cdc.gov/nchs/data/series/sr_10/sr10_259.pdf
(accessed May 5, 2014).

FIRE HAZARD: HOME OXYGEN THERAPY AND SMOKING / 551



4. P. Markkanen et al., “Characterizing the Nature of Home Care Work and Occupa-
tional Hazards: A Developmental Intervention Study,” American Journal of Industrial
Medicine 57(4) (2014): 445-457, doi: 10.1002/ajim.22287

5. U.S. Department of Labor, “Minimum wage, overtime protections extended to
direct care workers by U.S. Labor Department: Nearly two million home health and
personal care workers to benefit” [news release], September 17, 2013, http://www.
dol.gov/opa/media/press/whd/WHD20131922.htm (accessed May 5, 2014).

6. P. Markkanen et al., “There’s No Place Like Home: A Qualitative Study of the Working
Conditions of Home Health Care Providers,” Journal of Occupational and Environ-
mental Medicine 49(3) (2007): 327-337, doi: 10.1097/JOM.0b013e 3180326552

7. M. Quinn et al., “Sharps Injuries and Other Blood and Body Fluid Exposures
among Home Health Care Nurses and Aides,” American Journal of Public Health
99 Suppl 3 (2009): S710-7, doi: 10.2105/ajph.2008.150169

8. J. Perry, G. Parker, and J. Jagger, “Percutaneous Injuries in Home Healthcare
Settings,” Home Healthcare Nurse 19(6) (2001): 342-344.

9. Occupational Safety and Health Administration, “Enforcement Procedures for the
Occupational Exposure to Bloodborne Pathogens,” 2001, https://www.osha.gov/pls/
oshaweb/owadisp.show_document?p_table=DIRECTIVES&p_id=2570 (accessed May
5, 2014).

10. M. Ahrens, Home Structure Fires, National Fire Protection Association, 2013, http://
www.nfpa.org/~/media/Files/Research/NFPA%20reports/Occupancies/oshomes.pdf
(accessed May 5, 2014).

11. R. W. Mccoy, “Options for Home Oxygen Therapy Equipment: Storage and Metering
of Oxygen in the Home,” Respiratory Care 58(1) (2013): 65-85, doi: 10.4187/
respcare.01932

12. National Heart, Lung, and Blood Institute, “What Is Oxygen Therapy?,” http://www.
nhlbi.nih.gov/health/health-topics/topics/oxt/ (accessed May 5, 2014).

13. Centers for Disease Control and Prevention, “Chronic Obstructive Pulmonary Disease
among Adults – United States, 2011,” Morbidity and Mortality Weekly Report (MMWR)
61(46) (2011): 938-943, http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6146a2.
htm (accessed May 5, 2014).

14. National Heart, Lung, and Blood Institute, Morbidity & Mortality: 2012 Chart Book
on Cardiovascular, Lung, and Blood Diseases, 2012, http://www.nhlbi.nih.gov/
resources/docs/2012_ChartBook_508.pdf (accessed May 5, 2014).

15. U.S. Department of Health and Human Services, Medicare home oxygen equipment:
Cost and servicing (OEI-09-04-00420), 2006, http://oig.hhs.gov/oei/reports/oei-09-
04-00420.pdf (accessed May 5, 2014).

16. M. Ahrens, Fires and Burns Involving Home Medical Oxygen, National Fire Protection
Association, 2008, https://www.nfpa.org/~/media/Files/Research/NFPA%20reports/
Major%20Causes/OSOxygen.pdf (accessed May 5, 2014).

17. Oklahoma State Department of Health, Burn Injuries Due To Smoking While Using
Oxygen Therapy, Oklahoma, 2001-2005, 2007, http://www.ok.gov/health2/
documents/Smoking_O2.pdf (accessed May 5, 2014).

18. H. Orecchio-Egresitz, “Smoking and oxygen tank caused fatal fire in Westfield, fire
officials say,” 2013, http://www.boston.com/news/local/massachusetts/2013/02/28/
smoking-and-oxygen-tank-caused-fatal-fire-westfield-fire-officia/4fQnH0ETmBzYs
rud1ESyAP/story.html (accessed May 5, 2014).

552 / GALLIGAN ET AL.



19. J. W. Kayser, D. Nault, and G. Ostiguy, “Resolving Moral Distress When Caring
for Patients Who Smoke While Using Home Oxygen Therapy,” Home Healthcare
Nurse 30(4) (2012): 208-215, doi: 10.1097/NHH.0b013e31824c2892

20. T. Wendling, “Fatal Fires Associated with Smoking during Long-Term Oxygen
Therapy-Maine, Massachusetts, New Hampshire, and Oklahoma, 2000-2007,”
Morbidity and Mortality Weekly Report (MMWR) 57(31) (2008): 852-854, http://
www.ncbi.nlm.nih.gov/pubmed/18685553 (accessed May 5, 2014).

21. P. Markkanen et al., “Studying Home Health Care Nurses and Aides: Research
Design and Challenges,” Journal of Research in Nursing 13(6) (2008): 480-495,
doi: 10.1177/1744987108092055

22. Commmonwealth of Massachusetts, PCA Consumers Guide: Personal Care Attendant
Program, 2008, http://www.mass.gov/eohhs/docs/masshealth/memlibrary/pca--
consumer-handbook.pdf (accessed May 5, 2014).

23. M. Quinn, “Occupational safety and health hazards among home care aides: Survey
results” (manuscript in preparation), 2014).

24. Massachusetts Association of Health Boards, Duties of Local Boards of Health in
Massachusetts [factsheet], http://www.mahb.org/Library/Duties%20of%20BOH.pdf
(accessed May 5, 2014).

25. T. G. Curran, Protecting Community Members from Tobacco Hazards, Carlisle
(Massachusetts) Board of Health, 2013, http://www.carlislema.gov/pages/
CarlisleMA_Health/Protecting%20Community%20Members%20From%20Tobacco
%20Hazards.pdf (accessed May 5, 2014).

26. International Agency for Research on Cancer, IARC Strenghtens Its Findings
on Several Carcinogenic Personal Habits and Household Exposures, 2009,
http://www.iarc.fr/en/media-centre/pr/2009/pdfs/pr196_E.pdf (accessed May 5,
2014).

27. National Heart, Lung, and Blood Institute, “What is COPD?,” 2013, http://www.
nhlbi.nih.gov/health/health-topics/topics/copd/ (accessed May 5, 2014).

28. U.S. Department of Health and Human Services, The Health Consequences of
Smoking—50 Years of Progress: A Report of the Surgeon General, 2014, http://www.
surgeongeneral.gov/library/reports/50-years-of-progress/ (accessed August 7, 2014).

29. T. L. Croxton and W. C. Bailey, “Long-Term Oxygen Treatment in Chronic
Obstructive Pulmonary Disease: Recommendations for Future Research: An NHLBI
Workshop Report,” American Journal of Respiratory and Critical Care Medicine,
174(4) (2006): 373-378, doi: 10.1164/rccm.200507-1161WS

30. Global Initiative for Chronic Obstractive Lung Disease, Pocket Guide to COPD
Diagnosis, Management, and Prevention, 2010, http://www.goldcopd.org/Guidelines/
guidelines-pocket-guide-to-copd-diagnosis.html (accessed May 5, 2014).

31. Executive Office of Public Safety and Security, “January 10, 2014-Smoking on Home
Oxygen Caused 2 Fires Last Sunday / Statewide Campaign on Home Oxygen Safety,”
2014, http://www.mass.gov/eopss/agencies/dfs/dfs-press-releases/january-10-2014-
smoking-on-home-oxygen-caused-2-f-.html (accessed May 5, 2014).

32. P. C. La Londe and J. R. Raddatz, “Tools for Improving Customer-Supplier Relation-
ships,” The Journal for Quality & Participation 25(3) (2002): 12-18.

33. The Joint Commission, National Patient Safety Goals Effective January 1, 2014,
2013, http://www.jointcommission.org/assets/1/6/OME_NPSG_Chapter_2014.pdf
(accessed May 5, 2014).

FIRE HAZARD: HOME OXYGEN THERAPY AND SMOKING / 553



34. T. R. Frieden, “A Framework for Public Health Action: The Health Impact Pyramid,”
American Journal of Public Health 100(4) (2010): 590-595, doi: 10.2105/AJPH.
2009.185652

35. R. W. Zablocki, et al., “Smoking Ban Policies and their Influence on Smoking
Behaviors among Current California Smokers: A Population-Based Study,” Pre-
ventive Medicine 59 (2014): 73-78, doi: 10.1016/j.ypmed.2013.11.018

36. D. Nault and M. Sedeno, Living Well with COPD: Reference Guide for Patient
Education, First edition, Montreal Chest Institute of the McGill University Health
Center (MUHC), 2006, http://www.livingwellwithcopd.com/DATA/GUIDE
EDUCATEUR/11_en~v~reference-guide-for-patient-education.pdf (accessed May
5, 2014).

37. National Institute for Occupational Safety and Health, “Prevention through Design,”
2012, http://www.cdc.gov/niosh/topics/ptd/ (accessed May 5, 2014).

38. D. R. Milamed, H. Lasthaus, and J. Hedley-Whyte, “Improving Patient Safety
and Essential Device Performance: International Standards for Home Respiratory
Care Equipment,” Biomedical Instrumentation and Technology Suppl (2013): 53-57,
doi: 10.2345/0899-8205-47.s1.53

39. National Fire Protection Association, “Fire Sprinkler Initiative. Making the case for
home fire sprinklers (factsheet),” http://www.firesprinklerinitiative.org/advocacy-
tools/fact-sheets/making-the-case-for-home-fire-sprinklers.aspx (accessed August 7,
2014).

40. M. Ahrens, “Where There's Smoke,” NFPA Journal, January/February 2009 https://
www.nfpa.org/newsandpublications/nfpa-journal/2009/january-february-2009/features/
where-theres-smoke (accessed May 5, 2014).

41. A. Riehle, B. I. Braun, and H. Hafiz, “Improving Patient and Worker Safety: Exploring
Opportunities for Synergy,” Journal of Nursing Care Quality 28(2) (2013): 99-102,
doi: 10.1097/NCQ.0b013e3182849f4a00001786-201304000-00001 [pii]

42. The Joint Commission, Improving Patient and Worker Safety: Opportunities for
Synergy, Collaboration, and Innovation, 2012, http://www.jointcommission.org/
assets/1/18/TJC-ImprovingPatientAndWorkerSafety-Monograph.pdf (accessed May
5, 2014).

Catherine J. Galligan
University of Massachusetts Lowell
Department of Work Environment
One University Avenue
Lowell, MA 01854
e-mail: Catherine_Galligan@uml.edu

554 / GALLIGAN ET AL.

Corresponding Author:


	New Solut-2015-Galligan-535-54_tcm18-186323

