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 EXECUTIVE SUMMARY 

• Elastomeric half mask respirators (EHMRs) provide similar or higher 
level of protection as do N95 filtering facepiece respirators (N95 
FFRs) and are designed to be reused. 

• Supply chain shortages of respirators at the onset of COVID-19 
surge prompted a large, urban, US academic medical center to 
rapidly expand use of EHMRs. 

• A scaled fit-testing operation completed over 7000 fit-tests over six 
weeks. 

• A centralized EHMR decontamination program was established in the 
Central Sterile Processing department. 

• EHMR users obtained and returned their respirators each day from a 
central distribution center using a shared-supply model. 

• This EHMR-based model of respiratory protection was cost effective 
• All healthcare personnel that needed respiratory protection during 

COVID-19 surge had access to NIOSH-approved, employer-provided 
respirators. 
 

Elastomeric half mask respirators (EHMRs) are reusable air purifying 
respiratory protective devices 1.  They protect wearers by providing filtered air 
inside the user’s tight-fitting face mask made of conformable materials like 
silicone 2,3.  Replaceable filter cartridges provide filtration of contaminated air at 
the same or higher level of filtration efficiency as N95 filtering face piece 
respirators (FFRs) 1. Filters come in various models, but those housed in hard 
plastic cases can be repeatedly cleaned and disinfected, provided the inner filter 
material does not become soiled or damaged 4. 

While EHMRs are commonly used in general industry, their use has been 
limited in the healthcare sector 5,6.  A 2018 report of the National Academies of 
Science recommended that EHMRs could be more widely used in healthcare for 
routine and surge use, provided that logistical issues are addressed, such as 
storage and decontamination strategies 5. In February 2020, the United States 
Centers for Disease Control and Prevention (CDC) National Institute for 
Occupational Safety and Health (NIOSH) recommended that alternative 
respirators such as EHMRs be used during the COVID-19 pandemic to address 
the demand for N95 FFRs, but also endorsed their use even as a conventional 
operational strategy7. 

To assess whether user acceptance and logistical issues were barriers to 
hospital EHMR use, in 2016 Hines et al. surveyed respirator users from a large, 
mid-Atlantic hospital system were EHMRs had been in use since the 2009 H1N1 
influenza outbreak about their experiences.  User acceptance was not identified 
as a barrier to use, although mode of storage and assurance of availability were 
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both shown to be barriers 8,9.   Perhaps more problematic, reporting of consistent 
cleaning and disinfection practices by the users was low 10. 

Several studies published since 2014 have demonstrated that EHMRs can 
be successfully cleaned and disinfected with common EPA approved hospital 
disinfectants , such as quaternary ammonium compounds (QAC), sodium 
hypochlorite,  or hydrogen peroxide-based products4,11–14 .  These products also 
kill the coronavirus SARS-CoV-2 on surfaces and are listed on EPA List N: 
Disinfectants for Coronavirus (COVID-19).15 EHMRs and their filter cartridges 
retain function and form following repeated cycles of decontamination 4 .  Use of 
70% isopropyl alcohol, 0.5% hydrogren peroxide, 0.55% QAC or 0.1% sodium 
hyopchlorite disinfectant wipes alone, however, did not lead to complete 
elimination of viral or of facial contaminants on elastomeric style face masks 14.  
Details related to specifics of disinfectants studies are described in “V. 
Background – Solutions to Implementation Gaps”, pp11-12. 

COVID-19 onset prompted one large medical center to expand deployment 
of elastomeric respirators to provide respiratory protection to all workers caring 
for patients known or suspected to have COVID-19 and all patients, regardless of 
COVID-19 status, undergoing aerosol generating procedures (AGPs).  This rapid 
escalation of need for respiratory protection prompted novel and urgent 
strategies to deploy respiratory protection.  The strategies in this guide were 
designed for use primarily in a hospital setting. Some may be adapted for use in 
an ambulatory or outpatient setting. 

First, a group of clinicians and respiratory protection leaders determined 
which HCP populations needed respiratory protection and which device type 
(EHMR, N95 FFR or PAPR).  Additionally, availability of current supplies and 
expected replacement supplies among the three respirator types shaped 
decisions about device allocation. 

New EHMR users required medical clearance, fit-testing and training.  To 
accomplish this, a collection of moderate to large size conference rooms was 
secured.  HCP called a dedicated phone line to schedule appointments for fit-
testing, which was available between 6am and 11 pm daily.  Veteran fit-testers 
taught new trainers to perform fit-testing.  The new trainers were recruited from 
pools of medical students and other staff who had been temporarily reassigned 
from care duties due to postponement of elective procedures during COVID-
19.  This system permitted fit-testing of 12 people per hour over 16 hours (180 
possible accounting for breaks).  Over a six-week period, over 7000 fit-tests were 
completed. 

At the onset of the COVID-19 surge, on-hand supply of EHMRs was 
inadequate to equip each user with their own EHMR.  Drawing on lessons 
learned from the fire service and the nuclear industry where shared supply of 
reusable respirators has previously occurred 5,16, the elastomeric respirator 
program established a “return to pool” approach where the respirators would be 
shared among workers.  A companion disinfection strategy was developed 
utilizing the Central Sterile Processing (CSP) department to reprocess the 
respirators to enable this “return to pool” approach. 
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A centralized Personal Protective Equipment (PPE) Distribution Center was 
established for hospital workers.  At the start of a shift, hospital EHMR users 
would check out a decontaminated EHMR.  During the work shift, EHMR users 
were expected to wipe the respirator with disinfectant wipes following each use.  
At the end of the shift, HCP returned the EHMR to the Distribution Center where 
it was deposited in bins with other contaminated EHMRs for centralized 
reprocessing.  Ambulatory practices followed a different strategy.  This is briefly 
summarized in Section VII - Additional Resources designed for Ambulatory 
Practices. 

The CSP reprocessing requires CSP staff to don PPE, dissemble the filters 
from the face masks, and to clean with neutral detergent, then disinfect and dry 
the face masks parts.   The mask and harnesses are then dried in a low-medium 
temperature dryer (≤ 50 ◦C). The filter cartridges are wiped with disinfectant, 
taking care not to wet the filter material. Masks are then re-assembled and 
placed in a clean plastic bag and labeled with its size.  Filter cartridges were not 
unique to a specific face mask or individual and could be affixed to any 
decontaminated respirator.  Details of the CSP reprocessing protocol are full 
described in section VIII. Logistics – Cleaning/ Disinfection, pp28-29.  

 
Over the first 4 months of the expanded EHMR program, parts requiring 

replacement included fasteners for the straps and inhalation valve covers, which 
initially had not been recognized to dislodge during cleaning and were lost down 
the drain.  Filters were disposed of if they were visibly soiled, had gotten wet, or 
were reported by users to be noticeably harder to breathe through. 

The COVID-19 respiratory protection program required collaboration by 
multiple key personnel leading to its success.  Like its structure before COVID-
19, the Safety Department Director served as the Respirator Program 
Administrator of the hospital’s OSHA-compliant RPP.  Medical clearance was 
provided by Employee Health clinicians.  A team headed the PPE Distribution 
Center, and the Director of CSP led the respirator decontamination program.  
Other integral team members included the Supply Chain Manager, Head of 
Logistics, Information Technology support, Infection Prevention and Control 
leads, COVID-19 Incident Command Leaders, and medical center Chief Nursing 
and Medical Officers.  Finally, the program succeeded because respirator users 
complied with returning their respirators to the distribution center at the end of 
shift. 

Costs of the expanded EHMR program during COVID-19 included costs 
related to purchasing of respirators and filters, fit-testing supplies, respirator 
reprocessing supplies for CSP, and the costs of staff.  Staff for fit-testing included 
a combination of volunteers and redeployed hospital staff unable to perform their 
usual duties due to cancelling of elective procedures.  Overall, the EHMR 
program was more cost-effective than a single use N-95 program would have 
been, if the devices were available. 
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Conclusions 
EHMRs are reusable devices that protect fit-tested users as well or better 

than do N95 FFRs. The National Academies of Science and the CDC have both 
recommended their use in healthcare when logistical considerations are 
addressed. Lessons learned from prior use of EHMRs in a large urban academic 
medical center informed strategies for expanded deployment of EHMRs during 
the COVID-19 response and surge. These strategies included centralized 
reprocessing, use of shared device supply and distribution from a centralized 
location.  The program succeeded due to collaboration among administrative and 
clinical partners.  While initial expenses related to respirator purchase are higher 
per device compared to N95 FFRs, the ability to reuse the EHMR repeatedly and 
to avoid reliance on unstable supply chain for disposable products shows the 
financial advantage of reusable equipment.  This approach can be safely and 
successfully deployed when ready availability and device decontamination are 
addressed. 
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 BACKGROUND 

• Elastomeric half mask respirators (EHMRs) are NIOSH-approved, 
provide the same or higher level of protection as do N95 filtering 
facepiece respirators (N95 FFRs), and are designed to be reused. 

• Some medical centers have used EHMRs as a routine form of 
respiratory protection prior to COVID-19 

o Lessons learned from EHMR use from before COVID-19 
included lack of assurance that respirators were being 
decontaminated and maintained when responsibility was 
tasked to individual healthcare personnel.Ex: Although >95% 
of EHMR users surveyed in 2016 stated that their respirator 
was clean or very clean, only 52% reported always disinfecting 
the EHMR with a wipe after use, the expected practice by the 
hospital at that time 10.. 

• Cleaning and disinfection protocols, validated against removal of 
influenza virus4,12-14, demonstrate reliable disinfection with 
preservation of EHMR form and function4,12. 

• Supply chain shortages of respirators at the onset of COVID-19 
surge prompted a large, urban, US academic medical center to 
rapidly expand use of EHMRs 
 

Hospital respirator use 

Hospitals and other healthcare settings provide respiratory protective 
devices to protect workers from respiratory pathogens and comply with the 
Occupational Safety and Health Administration’s (OSHA) respiratory protection 
standard (OSHA 1910.134, subpart 1)17.  This standard states that employers 
must furnish respiratory protection appropriate for the hazard.  Because hospital 
respiratory hazards often include infectious pathogens, hospitals rely on 
recommendations from the Centers for Disease Control and Prevention (CDC) to 
guide decisions about how best to protect healthcare workers and comply with 
the OSHA respiratory protection standard.  One of the most common reasons for 
hospital respirator use historically has been as part of hospital tuberculosis 
control programs 18.  Other scenarios may include care of patients with measles, 
performance of aerosol generating procedures on patients with influenza, or 
administration of certain hazardous drugs 19. The Joint Commission also expects 
that hospitals comply with OSHA requirements and federal guidance 20.  The 
OSHA standard requires that employers provide respirators that are approved by 
the National institute for Occupational Safety and Health (NIOSH).  This approval 
verifies that the device performs as the manufacturer claims in protecting the 
user from respiratory hazards. 

Most commonly, N95 filtering facepiece respirators (N95 FFRs) are used 
in healthcare respiratory protection programs.  Many models of NIOSH-approved 



Page 6 of 98 

N95 FFRs exist and meet the requirements of the OSHA respiratory protection 
standard.  A subset of N95 FFRs are marketed for use in healthcare. These 
respirators are termed surgical N95 respirators. These N95 respirators have 
passed a series of certification requirements by NIOSH but have also garnered 
approval by the FDA in the same way that a surgical mask does 21.  This FDA 
approval provides additional assurance that the mask meets certain criteria for 
fluid permeability and flammability.  While these surgical N95s are intended for 
use in healthcare, other NIOSH-approved N95 FFRs will also protect HCP. 

Elastomeric respirator overview 

Elastomeric respirators are tight-fitting air-purifying particulate respirators 
22.  They are commonly used in general industry, such as construction5. They 
may cover the nose and mouth only (half-mask or half-facepiece respirators) or 
cover the entire face (full face mask or full facepiece) (Figure 1). The breathing 
zone of the respirator is under negative pressure compared to the ambient 
environment.  When the user initiates a breath, ambient air is pulled through 
filters into the breathing zone for the user to inhale filtered air.  Most elastomeric 
respirators are made of reusable, synthetic materials such as silicone face masks 
which conform to the curvature of the user’s face.  Elastomeric respirator face 
masks may be used with filters of different efficiency classifications, such as N95 
filters or P100 filters.  The filters are attached to the mask and can be discarded 
after serial use.  Filters may be encased in a plastic cassette or open to the 
environment. While non-encased filters may easily become soiled with dust or 
other air contaminants, encased filters are protected, and the hard plastic 
encasement can be cleaned.  This facilitates reuse.  Elastomeric half-mask 
respirators (EHMRs) carry the same assigned protection factor (APF) as do N95 
filtering facepiece respirators (N95 FFRs), (APF = 10).  This means that the 
respirator will reduce the concentration of inhalable particles in the ambient 
environment by at least ten-fold 1.  Some data, however, shows that the true level 
of protection of an elastomeric half-mask respirator may be even higher due to 
superior sealing between the mask and the user’s face 5,23–27.  Additionally, use 
of a higher filtration efficiency filter (such as an N or P 100 filter) allows greater 
filtration of the most penetrating particles (size 0.3 microns) compared to an N95 
FFR.  Higher efficiency filter use, however, does not affect the APF. 
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Figure 1. Elastomeric Half Mask Respirator Information Sheet. 28 
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Original Elastomeric Respirator Use at the University of Maryland Medical 
Center 

The University of Maryland Medical Center is an academic quaternary 
referral center in Baltimore, MD with over 8,899 employees, 1,000 faculty 
physicians, and 900 resident physicians. The medical center admits 30,000 
patients annually into its 841 licensed inpatient beds, of which almost 250 are 
dedicated to critical care, as well as 36 operating rooms, 70 emergency 
department rooms, 73 post-anesthesia care beds.  This environment provides 
many opportunities for aerosol generating procedures and HCW who need 
respiratory protection. 29 

Elastomeric respirator use commenced at the University of Maryland 
Medical Center (UMMC) in 2009 during the H1N1 influenza outbreak.  The CDC 
and OSHA recommended that respiratory protective devices be used to care for 
patients with confirmed or suspected influenza-like illness (ILI) 30,31.  UMMC RPP 
leadership estimated how many healthcare workers (HCPs) would need 
respiratory protection based on the national recommendations, which indicated 
the need for a large number of respirators.  Nationally, supply chain shortages 
emerged for hospitals attempting to acquire N95 FFRs. UMMC similarly was 
unable to acquire needed N95 FFRs 32.   

Most US healthcare personnel (HCP) are familiar with N95 FFRs as they 
are the most commonly used form of respiratory protection in healthcare settings 
6.  Specifically, FDA-cleared “surgical N95s” are most often used in healthcare 
settings.  Hospitals using respirators to protect HCP against airborne hazards, 
such as tuberculosis, must provide respirators in accordance with an OSHA-
compliant RPP.  The OSHA respiratory protection standard does not require that 
hospitals only use FDA-cleared surgical N95s, however most hospitals typically 
only use surgical N95s which were intended for use in healthcare, and 
specifically in surgical environments.  Thus, a suite of respiratory protective 
devices beyond surgical N95s - such as elastomeric respirators- potentially could 
be tapped for use in many healthcare environments.   

The Director of Safety for the hospital had worked previously outside of 
healthcare, was familiar with elastomeric respirators from general industry and 
saw them as reliable 32.  Given the inability to acquire N95s during the 2009 
H1N1 response, EMHRs were posed to RPP Decision Makers as an 
option.  While there were many unknowns regarding their use in a hospital 
setting, supply was available.  Cost estimates for purchasing compared to the 
continued need for disposable N95 FFRs indicated that the purchase was cost 
favorable.  They were then purchased and assigned for use among HCPs most 
likely to encounter and care for patients with ILI.  These included staff in the 
emergency department (ED), medical intensive care unit (MICU), general 
medical and pediatric wards, radiology, phlebotomy and laboratory 
workers.  Clinical staff including patient care technicians, nurses, respiratory 
therapists and resident and attending physicians were included, fit-tested and 
trained to use EHMRs.  Individual users were expected to maintain the respirator 
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and store it in such a way that it would be available when needed.  Users were 
instructed to wipe the respirator with an alcohol pad after each use, and to 
remove the filter cartridges and clean the face mask and harness in soapy water 
at the end of each shift.  Users were instructed to store the respirator in the 
plastic bag from which it came in such a way that it would not be deformed. 

Elastomeric Respirator Use post-2009 

With the conclusion of the 2009 H1N1 pandemic, elastomeric respirators 
remained in use both at the UMMC hospital campus and in the associated 
ambulatory faculty practices.  When evaluated in June 2014, out of 5630 HCP 
listed in respiratory protection rosters, 1972 were assigned to use elastomerics, 
141 N95s, and 3517 PAPRs 33. They remained the primary form of respiratory 
protection for the ambulatory practice clinical staff and for inpatient clinical staff in 
the same units as assigned during 2009.  New employees underwent quantitative 
fit-testing in the Employee Health department, and annual fit-testing of existing 
employees occurred primarily through qualitative fit-testing by unit-based fit-
testers.  Some RPP leaders believed that using this form of respiratory protection 
was a visible demonstration that the administration believed in safety and was 
committed to protecting its workers 32.  Concerns were raised, however, by other 
RPP leaders regarding how well employees were cleaning and disinfecting their 
respirators, and how well employees were tracking their 
respirators.  Observations of HCP known to be assigned to use elastomeric 
respirators but using N95 respirators prompted concerns about non-compliance 
with expected respirator use.  Given these concerns, and with N95 supplies 
again stable, in mid-late 2016 the hospital began transitioning elastomeric 
respirator users to either N95 or PAPR assignments.  By the beginning of 2020, 
most inpatient HCPs were either assigned to use N95s or PAPRs. 

Elastomeric Respirator User Survey 

Potential for elastomeric respirator use as an alternative to N95 use in 
hospitals was an interest area for NIOSH, particularly as part of efforts to plan for 
future pandemic emergencies.  In 2015, researchers from the University of 
Maryland competed for NIOSH grant funding to study HCP beliefs and 
perceptions regarding use of elastomeric, N95 and PAPR respirators and use 
practices.  The intention was to understand what the critical barriers were 
towards implementation of this form of respiratory protection. 

Over a six-week period, 1152 HCPs from five different healthcare 
organizations within a medical system completed a 20-minute electronic survey 
about respirator use 9.  Domains explored included user acceptance, safety 
culture, and logistical topics such as storage and availability of respirators, 
decontamination, filter change and respirator replacement 10. 

Compared to N95 users, elastomeric respirator users rated their 
respirators less favorably with respect to communication and comfort (although 
both rated neutrally for comfort).  In contrast, elastomeric respirator users rated 
their respirators more favorably compared to N95 users with respect to sense of 
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protection provided by the respirator and with confidence that the respirator 
would protect them based on their fit-testing or training 9.  Respondents were 
asked which type of respirator they would prefer to use under hypothetical 
higher-risk scenarios, such as care for a patient with known, active tuberculosis, 
or care for patients with pandemic influenza or SARS.  Even accounting for the 
lower scores on comfort and communication, elastomeric respirator users still 
preferred their use over N95s in these higher risk scenarios.  Additionally, few 
elastomeric respirator users reported that the respirator interfered with ability to 
perform patient care (16%), similar to that reported by N95 users (17%) 
34.  Taken together, these results suggested that user acceptance is not a critical 
barrier towards healthcare elastomeric respirator use. 

Logistics related to deployment of elastomeric respirators were 
demonstrated to be barriers to implementation and compliance with expected 
respirator use.  While most elastomeric respirator users reported that their 
respirators were readily available when needed, only two thirds reported storing 
their respirators conveniently nearby inpatient care areas 8.  For ideal 
implementation, HCP need their respirators readily nearby so that they are ready 
for use whenever needed.  HCP who worked in traditionally “mobile” jobs 
requiring travel to different hospital clinical units (such as physicians and 
respiratory therapists) were more likely to report not having their respirator 
readily available, not store the respirator nearby in the patient care area, and 
ultimately were more likely to not comply with expected assigned respirator 
use.  Solutions to assure availability of respirators for mobile staff are particularly 
needed.   

Although most elastomeric respirator users reported that the respirator 
was “clean,” only just over half of respirator users reported always wiping the 
respirator with a disinfectant wipe after use, the expected practice by the hospital 
at that time 10. While frequency of reported disinfection did not predict compliance 
with expected assigned respirator use, this clearly represents an area for 
improvement in an essential practice related to respirator use in 
healthcare.  Reusable equipment contaminated with microbial pathogens may 
serve as fomites 35,36 and must be decontaminated to facilitate safe use in 
healthcare. 

The University of Maryland studies demonstrated that user acceptance 
was not a barrier towards use of elastomeric respirators in healthcare.  Logistics, 
however, like assuring cleaning and disinfection and assuring readiness and 
availability were barriers to optimal implementation.  It was clear that these 
logistical barriers require solutions for deployment in healthcare settings. 

National Recommendations 
In 2018, the National Academies of Science, Engineering and Medicine 

Committee on Personal Protective Equipment issued a report on elastomeric 
respirator use in healthcare.  This report extensively reviewed existing data from 
healthcare use, respirator manufacturer and hospital experience to craft several 
recommendations.  The committee concluded that reusable elastomeric 



Page 11 of 98 

respirators could be a viable option for respiratory protection programs for routine 
and surge use in health care when logistic and implementation challenges are 
addressed, including “education, training (as well as just-in-time fit-testing and 
training for staff unfamiliar or untested for these respirators) , cleaning, 
disinfection, and storage challenges” 5(p177). The committee identified key 
implementation gaps and recommended areas for research and education. 

Solutions to Implementation Gaps    
Several of these areas have been addressed in published research.  The 

private research group Applied Research Associates (ARA) studied impacts of 
repeated elastomeric respirator decontamination methods on viral reduction and 
elimination and on respirator durability in a report to the FDA 4.  In experiments 
involving 5 different models of elastomeric respirators contaminated with H1N1 
influenza virus, manual reprocessing protocols involving cleaning by submersion 
in neutral detergent plus disinfection with dilute sodium hypochlorite (bleach) 
chemical disinfection demonstrated reliable and complete elimination of live 
virus, with the exception of elimination from the fabric straps of one respirator 
model. Mean TCID50 log reduction values ranged from 3.9 to 4.98 4.  

During a pandemic, supplies of disposable items intended for single use 
may be low, including filters.  Ability to reuse a device multiple times would 
provide assurance of respiratory protection.  ARA also studied whether these 
EHMRs and their filters could pass quality assurance tests after repeated 
episodes of decontamination.  EHMRs passed all durability tests even after 150 
cycles of decontamination.  Hard plastic-covered P100 filters were 
decontaminated by wiping with a sponge-soaked in neutral detergent plus 
chemical disinfectant wipe containing a quaternary ammonium compound and 
passed particle optical penetration testing at acceptable levels after 150 cycles of 
reprocessing using both sodium chloride (NaCl) and dioctyl phthalate (DOP) 
aerosol testing.  Additional EHMR durability tests included fit-testing, inhalation 
resistance testing, exhalation resistance testing, and exhalation valve leakage 
testing. This demonstrates that these respirators will continue to provide the 
expected level of form, fit and function after repeated cycles of 
decontamination.  The ARA team also studied manual reprocessing using a 
medium temperature (50 ℃) standard hospital washer disinfector.  Elastomeric 
respirator material components are unable to withstand the high temperatures 
typically used in healthcare equipment reprocessing.  The experiments 
demonstrated similar log reductions in influenza virus following up to 100 cycles 
of 50℃ washer disinfector cleaning and disinfection, with preservation of 
respirator functionality and fit.  Unknowns regarding automated reprocessing 
include volume of respirators that could be reprocessed over what period of time 
and durability beyond 100 cycles of reprocessing.  Automated reprocessing may 
serve as a reliable method of decontamination that would reduce labor 
requirements of manual reprocessing. 

A 2020 study focused on rapid deployment of elastomeric respirators 
demonstrated the feasibility of just-in-time fit-testing and training with elastomeric 



Page 12 of 98 

respirators 37.  The study demonstrated similar pass rate and length of time 
required to complete fit-testing on elastomeric compared to N95 respirator fit-
tests among HCP participants.  The strategy involved users watching a 9-minute 
training video prior to fit-testing and then user performance scores assigned by 
trainers using a checklist of proficiency elements. 

Finally, a 2020 study compared the impact of cleaning reusable 
elastomeric respirator face pieces with detergent-based submersion along with 
disinfectant wipe to use of disinfectant wipe alone (without additional detergent-
based cleaning step) 14.  CleanSpace® HALO respirators, which have an 
elastomeric face mask connected to a plastic polycarbon powered air-purifying 
unit that sits behind the neck, were contaminated with simulated facial oil and 
personal care products followed by H1N1 influenza virus and then underwent the 
different reprocessing strategies.  The respirators that had been cleaned with 
detergent and wiped with chemical disinfectant reliably demonstrated elimination 
of live influenza virus.  Respirators that had only been wiped with disinfectant 
wipes showed reductions in the presence of influenza but did not always show 
viral elimination. Additionally, simulated facial oil and personal care products 
were better eliminated when detergent and disinfectant were used, but not when 
only disinfectant was used. This study suggests that assurance of viral 
elimination from respirator surfaces is best achieved with concomitant use of 
neutral detergent along with chemical disinfectant. 

Facilitation of EHMR Use During COVID-19 
A combination of factors facilitated uptake of a large elastomeric respirator 

deployment at UMMC as part of COVID-19 response.  First, supplies of N95 
FFRs again became unreliable 38 and HCP coverage using the existing 
predominantly N95-based strategy was no longer assured.  Second, a limited 
number of PAPRs were already in use with a critical spike in demand globally 
also limiting ability to acquire new PAPRs.  A repeat of the 2009 H1N1 
experience with supply shortages had occurred again.  Second, the hospital had 
on-hand approximately 1200 3M™ 7500 elastomeric respirators (St. Paul, MN) 
filters in March 2020 available for deployment along with enough with 3M 7093 
P100  filters still in their sealed containers to outfit the masks, which would 
require large scale fit-testing and training.  This was the same brand of face 
mask and filter used in 2009.  This filter model had been selected because it was 
a particulate filter, covered in a cleanable plastic casing that was compatible with 
the respirator mask.  Given suspension of a variety of clinical services 
considered non-essential or excessively risky (such as pulmonary function 
testing), hospital staff and senior medical students were available for 
redeployment to new tasks, such as performing fit-testing.  A fit-testing center 
was established.  HCP needing fit-tests called and scheduled appointments 
which were available between 6am and 11 pm daily.  Veteran fit-testers taught 
new trainers to perform fit-testing.  The new trainers were recruited from pools of 
medical students and other staff who had been temporarily reassigned from care 
duties due to postponement of elective nature of procedures during COVID-
19.  This system permitted fit-testing of 12 people per hour over 16 hours (180 
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possible, accounting for breaks).  Over a six-week period, over 7000 fit-tests 
were completed. 

Finally, advances in research demonstrating practical strategies to 
decontaminate elastomeric respirators provided reassurance that these reusable 
devices could be effectively disinfected.  Learning from the prior elastomeric 
respirator experience and the understanding that HCPs did not routinely disinfect 
their respirators, a centralized approach was adopted.  This involved 
decontamination of the respirators in accordance with the Bessesen 2015, 
Lawrence 2017 and ARA 2019 protocols and was performed by staff in the 
Central Sterile Processing department 4,11,12.  As with the fit-testing team, 
suspension of elective surgeries and endoscopies enabled CSP staff and 
resources to be available to reprocess the respirators. 

Even with the existing supply of 1200 respirators and the solutions for 
decontamination, supplies were still insufficient to provide coverage to all of the 
HCPs who needed it.  Drawing from experiences from the nuclear industry and 
the fire service, provision of a shared, “pool” supply of respirators was considered 
reusable5,16.  By centrally decontaminating the respirators after each shift 
ultimately with high level chemical disinfection, assurance of safe respirator 
availability and redistribution could be provided.  Due to the shortage of filters, 
they were inspected and the outer plastic cartridge was disinfected and then 
reused as long as the filter was not wet or damaged.  Therefore, UMMC 
proceeded with provision of elastomeric respirators, using a shared supply 
organized in a PPE Distribution Center, with centralized post-shift cleaning and 
decontamination coordinated with CSP. 
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 DETERMINANTS OF USER DEVICE ASSIGNMENTS 

• Similar to N95 FFR users, EHMR users must be medically-cleared to 
wear tight-fitting respirators and may not have facial hair. 

• Because some data suggests that the level of protection provided by 
an EHMR may be higher than an N95 FFR, priority for use may favor 
users at higher risk for exposure.5,23–27,39 

• The presence of an exhalation port may limit use of EHMRs to non-
sterile environments or require routine use of surgical masks to 
cover the exhalation port due to concern for asymptomatic shedding 
of SARS-CoV-2 among users. 

• For EHMR use among mobile workers, concomitant use of a carrying 
case may facilitate optimal readiness. 
 
Elastomeric respirators are used widely in general industry, with user 

device  assignment determinants primarily based on how the health hazard is 
characterized, whether the individual can be medically-cleared to wear a tight-
fitting respirator, and with an expectation for absence of facial hair 5,40.  Use is 
considered over an expected eight-hour work shift.  Healthcare has other specific 
considerations unique to the job tasks considered. 

Risk   
Elastomeric respirators are considered at least as protective as N95-FFRs 

and carry the same OSHA assigned protection factor of 10 1.  Due to likely 
superior integrity of the seal from the conformable elastomeric face mask and 
ability of the user to perform a seal check, elastomeric respirators may provide 
an even higher level of protection5,23–27,39.  Elastomeric respirators can also be 
equipped with a higher efficiency filter, such as a P100 filter, which will remove 
more particles, although this does not change the APF.  Thus, from a risk 
assessment perspective, elastomeric respirators may be used in environments 
where the expected level of protection is sufficiently provided by an N95 FFR.  
There may be reasons to use EHMRs in environments where a higher level of 
protection may be needed. 

Duration of User 
The elastomeric respirator must make a tight seal to the face.  Over time, 

some individuals may find this uncomfortable or feel hot 9,41.  Although face mask 
components are composed of biocompatible materials, some facial irritation may 
occur due to skin contact with the mask when respirators are worn over extended 
periods of time 42.   

Respirator users will require breaks from EHMR use to allow eating and 
drinking, use of restrooms, or attendance to other patients. While EHMRs can 
safely be worn over an entire typical 8-hour work shift, shorter durations of use 
may be preferable, assigning them to workers to wear episodically, such as for a 
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two-hour period in a biocontainment unit or less. These time intervals must be 
considered also in the context of burn rate for disposable N95 FFRs when 
deciding upon user assignment to EHMR or N95.  

Mobility 
Expected mobility of the worker around the hospital should be factored 

into planning about how the HCP will keep and transport the respirator.  For 
HCPs who spend the majority of their time in a single unit or patient station, 
respirators may be able to be kept in a cabinet near the patient room.  For 
workers who visit patients in various units around the hospital, such as 
physicians, radiology technicians or respiratory therapists, there are higher 
chances for the HCP to forget or leave the respirator, potentially leading to lack 
of availability at time of need or in respirator loss.  Thus, assignment to users 
who work in fixed workstations may be ideal.  If respirators are assigned to 
mobile workers, strategies to assure readiness should be considered, such as 
providing a small backpack with the respirator. 

Sterile procedures 

Specific use scenarios may dictate avoidance of elastomeric respirators or 
use with other PPE.  Because of the presence of exhalation ports on elastomeric 
respirators, unfiltered exhaust air from the wearer may be emitted.  This has 
traditionally limited their use to outside of sterile procedures and surgical 
environments to avoid potential microbial contamination of a sterile 
field.  However, the exhalation port may not be as significant a source of air 
exhaust from the wearer and is currently the subject of laboratory 
investigation.    A 2020 FDA Emergency Use Authorization for use of “industrial 
respirators” in healthcare allows flexibility in current hospital use 43.  Strategies to 
address concerns about contamination of the sterile field may include placement 
of a surgical mask over the exhalation port of the elastomeric respirator.  This 
practice may also assist with source control to limit emission of potential 
asymptomatic shedding of virus in the exhaled breath of users during COVID-
19.  This is not, however, the intended use practice by respirator manufacturers, 
and does not reflect the conditions under which the respirators received their 
original NIOSH approval 44.  Thus, use by HCP in non-surgical environments and 
in situations where maintenance of a sterile field is not required are preferred 3. 

The aforementioned determinants along with assessment of available 
inventory of various respiratory protective devices (RPDs) informed decisions 
about respirator assignment at UMMC during the COVID-19 surge.  Table 1 
shows the RPD assignments as of 4/24/2020.  Appendix A presents a matrix of 
considerations to assist in decision-making regarding respirator type assignment 
for different HCP. 
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Table 1: Example of UMMC Respirator User Assignment (4/24/2020) 

Healthcare Worker Population 
Respirator Fit-
Testing Assignment 

Sterile surgical 
procedures 
EP & IP if present during 
intubation 
Surgeon (if airway or CT, 
see below) 
Code Team Providers 

Maryland Transport 
Teams (Express Care) 
Dialysis RNs 
Surgical Tech 
Procedure area RNs 
(Cath lab, IR) 

N95 FFR 

Anesthesia 
Airway or CT surgeon, 
Perfusionist, L&D 
OR RNs 

Surgical Tech 
ECMO Specialist and 
Perfusionist 

N95 FFR* & PAPR 

RNs in: 
IMC/ICU/PACU/TRU 
Residents & LIPs not 
routinely performing 
sterile procedures 
ED 
Endoscopy 
OMFS 

Rapid Response 
Xray 
Oncology 
Respiratory Therapy 
Rehab Services 
Housekeeping in COVID 
units 
In-house Security 

EHMR 

ICU provider (Adult, PICU, 
NICU) 

  EHMR & N95 FFR* 

Biocontainment Unit staff 
(Provider, RN, RT); If fail 
fit-testing or facial hair 

  PAPR 

*HCP assigned to use two forms of respiratory protection were expected to 
prioritize use of the reusable device.  The N95 was intended for use during sterile 
procedures or during emergency response if the reusable device was not readily 
available (such as responding to a “Code Blue” event). 

 
  



Page 17 of 98 

 FIT-TESTING PROGRAM 

• Medical clearance is required prior to fit-testing 
• Fit-testing generally takes 20-40 minutes per person for a single 

device, one fit-tester can fit 2-3 persons per training session 
• Fit-testing is limited by room size and number of fit-testers 
• Fit-testing may be qualitative or quantitative 
• Meticulous documentation and recordkeeping should be available 

for cross referencing with the HCP and mask distribution  
 
As elastomeric respirators are tight-fitting, they require fit-testing to assure 

correct fit.  Many of the aspects of fit-testing are similar to fit-testing of N95-FFRs.  
In a study where fit-testing of elastomeric respirators was compared to N95 
FFRs, a successful fit-test on first attempt was similar in elastomeric users (92%) 
and N95 FFR users (89%) as was time to complete testing 37.   

Medical Clearance 
HCPs must undergo medical clearance before using respirators according 

to the OSHA Respiratory Protection Standard (https://www.osha.gov/laws-
regs/regulations/standardnumber/1910/1910.134) 17.   This assesses the user’s 
ability to tolerate breathing through a potential additional airflow resistance 
imposed by the filter and respirator.  While relatively modest, such an increased 
resistance may not be tolerated by HCPs with cardiopulmonary disease, anxiety 
or claustrophobia.  HCPs undergoing fit-testing should complete the OSHA 
respiratory protection questionnaire (https://www.osha.gov/laws-
regs/regulations/standardnumber/1910/1910.134AppC).  These questionnaires 
(Appendix B) will be used as part of the medical evaluation by a physician or 
other licensed health care professional (PLHCP).  The PLCHP will make a 
medical determination as to whether the employee can safely wear a respirator 
40(ppD4-5).  According to the OSHA standard, the PLCHP must be "an individual 
whose legally permitted scope of practice (i.e., license, registration, or 
certification) allows him or her to independently provide, or be delegated the 
responsibility to provide some or all of the health care services required by 
paragraph (e) of this section."17,45 

EHMR Size SelectionSize Selection 
Sizing of the EHMR may require trial and error as each brand and face is 

different. The NIOSH bivariate panel is a grid of facial measurements which may 
assist with sizing.46  Manufacturer guidance may suggest that most EHMR users 
can be fitted to a medium size47; however, this recommendation may be based 
on use in general industry where the worker population may be different 
demographically. Manufacturers may rely on older data based on 
demographically-different worker populations in designing sizes and shapes of 
face masks 48.   In settings with predominantly women workers, a larger 

https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.134
https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.134
https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.134AppC
https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.134AppC
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proportion of small facemasks will likely be required.  At the UMMC, for example, 
among a typical daily distribution of EHMRs, 65% are smalls, 30% mediums, 
and 5% larges. 

Generally, the mask should cover the nose and mouth.  When the mask is 
donned the user should do a negative and positive pressure seal check by 
breathing in and exhaling forcefully while feeling around the edges of the mask 
with the hands for air flow for disposable masks.  The manufacturer’s instructions 
were used with the elastomeric mask, in which the user breaths in while 
occluding the filter (Figure 2) and then exhaling with the exhalation port occluded 
(Figure 3).  The silicone portion of the mask should collapse or bulge out, 
respectively.  If there is a leak, the mask size should be changed.  Each type of 
mask has specifics around donning and doffing regarding the head straps.  The 
user should ensure that the head straps keep the face piece securely against the 
face.   

 
Figure 2. Negative Pressure Test.  Demonstration of occlusion of EHMR filters while participant 
inhales, collapsing the silicone mask. 

 



Page 19 of 98 

 
Figure 3. Positive Pressure Test.  Demonstration of occlusion of exhalation valve causing 
outpouching of the silicone mask. 

Fit-testing 
Fit-testing may be qualitative (seal/no seal) or quantitative (measurement 

of particles inside the mask).  Qualitative testing may utilize denatonium 
benzoate (Bitrex®) or saccharine to determine if the individual being tested can 
smell or taste particles while wearing the device.  Several methods are available 
for quantitative testing, such as ambient aerosol condensation nuclei counting.  
In both testing strategies the wearer performs certain tasks to ensure the mask 
fits in all circumstances including all mouth and head movements, conversation, 
and walking (Appendix C).   

After completion of fit-testing, the HCP should receive a card, badge or 
sticker that could be applied to a hospital ID badge describing the size and model 
of respirator they have been successfully fit-tested to wear (Figure 4).  
Documentation and recordkeeping of the fit-test is cannot be overemphasized.  
Without a method of tracking the respirator the HCP was fit into, errors may 
occur with an inappropriate mask being issued and relies on the honor system of 
the HCP.  This can be challenging in highly complex medical systems who are 
issuing PPE to their own employees, faculty and students of affiliated healthcare 
schools, contracted workers such as traveling nurses or locums tenens 
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providers, vendor representatives assisting with surgeries, etc.  A sticker is 
supplied to the HCP when fit tested as in Figure 4.  The HCP is encouraged to 
place a piece of clear tape covering the sticker to prevent loss of the sticker when 
the badge is cleaned.  Any contracted HCP or vendors are required to bring a 
copy of their medical clearance and fit test results before providing any type of 
mask.  These HCPs are also provided a sticker and entered into the distribution 
database using a dummy number. 

 
Figure 5. Badge stickers to remind users of their fit-tested respirator type and size. 

Additional fit-testing protocols (Appendix C) can be accessed in the 
OSHA-NIOSH Respiratory Protection Toolkit 40. 

Donning and Doffing the EHMR 
The EHMR should be inspected prior to donning to ensure that one way 

valves (figure 5) are seated in the inhalation ports, the head harness assembly is 
connected to the cartridge filter holder by performing the tug test (Appendix D), 
and check the filter connections to the mask.  The adjustable straps should be 
free from twists and let out to allow adequate space to place the mask over the 
nose and mouth and the head harness over the crown of the head.  The neck 
strap should be connected and secured on the neck beneath the hair line.  The 
straps should then be tightened to obtain a seal between the mask and the face.  
The mask should only be as tight as necessary to hold the mask to one’s face.  If 
lines or creases are on the face from the mask, it is too tight.  Verify the seal 
using the negative and positive seal checks as described above. 
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Figure 6. Inside of face mask with arrows pointing to 1-way valves. 

Doffing 
A key component of doffing is ensuring not to contaminate one’s self.  A 

space with adequate space and decontamination supplies including gloves, 
disinfectant wipes, and hand sanitizer can help facilitate this.  Consider posting a 
flyer listing the steps in this area (Appendix E).  Education is provided about 
cleaning, storage and return of PPE including decontamination of disposable 
face masks.  This process will be further described with PPE Logistics.  The 
steps for donning and doffing for the 3M 7500 series used by UMMC to instruct 
staff can be found in Appendix F.   

Teaching Tools 
It may be useful to provide a written checklist to users during fit-testing. 

(Appendix G).  One research study of elastomeric respirator deployment utilized 
a 9-minute instructional video prior to fit-testing 37.  User competency was then 
assessed using a 6-domain competency check-list assessing (1) inspection, (2) 
donning, (3) positive-pressure user seal check, (4) negative-pressure user seal 
check, (5) doffing, and (6) disinfection.  While originally used in a research 
setting37, such a checklist could be incorporated into training. Tools to assure 
competency may be particularly helpful when training staff who are new to use of 
respiratory protection, such as housekeepers or other assistive personnel.  
These staff may not have previously experienced fit-testing or use of respiratory 
PPE. 

Donning/Doffing Training Resources: 
University of Nebraska Medical Center Heroes Program: 
https://www.youtube.com/watch?time_continue=5&v=9MUFn2KNFWU&fe

ature=emb_title  
3M Training Video on 7500 Series Elastomeric Respirator: 
https://youtu.be/mlWyMPFwEI8 

https://www.youtube.com/watch?time_continue=5&v=9MUFn2KNFWU&feature=emb_title
https://www.youtube.com/watch?time_continue=5&v=9MUFn2KNFWU&feature=emb_title
https://youtu.be/mlWyMPFwEI8


Page 22 of 98 

Reminder signs for posting on clinical units: Appendix E 

 

Scaled Fit-testing 
During the COVID-19 surge, the UMMC fit-testing center performed over 

7000 fit-tests during a 6-week period.  This required: 
1. space - especially given the need to perform social distancing 
2. personnel to schedule fit-testing appointments, check people in for 

their fit-testing appointments, perform training and fit-testing, and 
logging of user’s correct size following completion of testing. 

3. Supply of respirators, fit-testing supplies, disinfectant wipes to 
decontaminate surfaces and turn over the room before the next 
class of trainees could enter the room. 

Fit-testing large numbers of persons in a short period of time is 
challenging.  Each fit-test including mask selection takes between 20 and 40 
minutes depending on the number of masks for fit-testing and difficulty with 
sizing.  A single fit-tester can test between 2-4 persons depending on their 
experience and comfort (Figure 6). However, there may be economies of time 
savings by performing fit-testing and training in a cohort of people as a group as 
described below. 

At the beginning of the COVID-19 pandemic in March 2020, the use of 
elastomeric masks became the primary focus of the respiratory protection 
program as they were able to be assigned to different HCP with high level 
disinfection between users.  At that time, the number of HCP assigned to tight 
fitting respirators was limited to a few units and very few HCP were fit-tested into 
an EHMR, so large numbers of HCP needed fit-testing as soon as possible given 
the anticipated number of patients who were COVID positive or suspected.  The 
concern for airborne transmission prompted use of respiratory protection for care 
of any patient undergoing aerosol generating procedures.   

Fit-testing prior to this time at the UMMC had been decentralized and unit 
managed with an annual compliance of approximately 80%.  Fit-testing supplies 
(12 kits including hood, Bitrex, atomizers) were collected from all of these areas 
and brought to a classroom (24 ft x 18 ft) in the hospital (figure 7).  Initially, fit-
testing was set up as 10 slots available every 15 minutes on a walk-in basis with 
5 fit-testers. This led to back-ups and crowds without social distancing.  To 
alleviate this a schedule was created with a buffer of 30 minutes per session.  A 
phone line was established for individuals to call to schedule appointments.  The 
schedules were originally kept on paper then transitioned to a Google sheet 
which could be shared between the fit-testing staff.   

The numbers of persons in the room were also adjusted to allow more 
space between individuals, limiting these to 6 HCP and 3 fit-testers as the 
hospital had instituted a rule of no more than 10 persons in a room.  Fit-testing in 
an adjacent conference room (25 ft X 14 ft) was added to accommodate 6 HCP 
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and 2 fit-testers.  Fit-testing was scheduled from 6 am until 11 pm, daily.  This 
schedule required 5 fit-testers during those times.  Employees and medical 
students were available due to limitations in roles because of COVID-19, were 
reassigned or volunteered to cover those times.  These re-assigned staff became 
the backbone of the operation.  A trained fit-tester from the Safety department led 
each session and precepted those in the group who demonstrated the ability to 
become fit-testing leads.  Two re-assigned staff members answered the phone 
for scheduling appointments and checked HCP in for their appointments.  Chairs 
were set up for employees to wait outside the classrooms and to complete their 
paperwork to document their fit-testing and medical clearance.  Another 
individual ensured flow between the check-in area, the waiting area and the 
testing area.   

Utilizing this method allowed for the re-assignment of 8 students and 
employees per 8-hour shift (9.8 FTE) and 2,352 fit-test in a week (figure 8).  Not 
all time slots were full, but by the end of 4 weeks over 7000 fit-tests had occurred 
for 5100 HCP, as some were being fit with both an EHMR and N95.  The 
elastomeric respirator was intended for general use and the disposable N95 was 
to be used with sterile procedures.   

Following the fit-test, the HCP was “checked out” in the PPE Distribution 
Center where their mask style and size was recorded into a database which 
captured their name, employee ID, badge number, and phone number.  This 
information is used to track their usage of PPE and ensure that the mask is 
checked out and returned (Appendix H). 

 
Figure 7. Planning algorithm for staff needed for scaled fit-testing. 
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Figure 8. Example room layout to accommodate 6-person fit-testing with social distancing. 
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Figure 9. EHMR Fit-Testing. 
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 LOGISTICS 

• In a shared respirator model, decontamination of EHMRs can be 
assured through use of validated, evidence-based procedures 
involving cleaning with detergent and disinfection with chemical 
disinfectants. 

• Tracking of masks is essential in a shared model to ensure 
accountability with return of masks for distribution and correct 
distribution. 

• Deployment of a shared model requires at least twice the number of 
masks needed for each shift to allow for collection, decontamination 
and distribution. A larger supply reduces the need for multiple 
cycles. 

• Filters should be changed when damaged, wet, hard to breathe 
through, or a period the institution determines. 
 
The goal of any respiratory protection program is that the healthcare 

worker has the right PPE at the right time for the right procedure.  If an 
organization chooses to use a shared device between HCP (i.e. shared) strategy 
for elastomeric face masks, a cyclic system to dispense, collect, clean/disinfect 
and track masks is needed (Figure 9).  This will require a location with adequate 
space to store, dispense and collect the respirators.  A database is needed to 
collect HCP information to track the masks.   
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Figure 10. EHMR Reuse Cycle. 

 
Because previous EHMR strategies at the UMMC with expectations for 

individual-based maintenance and storage of the respirator led to unreliable 
decontamination and availability, implementation during COVID-19 focused on a 
central maintenance and distribution strategy, using a shared supply model.  
Individual user-based strategies may be selected, but assurance of 
decontamination may limit uptake by leadership due to infection control 
concerns. A hybrid model may satisfy user preferences to use an individually 
assigned respirator, facilitated by central decontamination and reprocessing.  If 
this model is selected, dedicated staff with job assignments to transport 
respirators between the users and the reprocessing area must be identified.  
Strategies implementing this hybrid model previously failed due to a lack of 
designated staff to transport the respirators 49. 

Dispensing and Return 
Hospitals may use centralized or decentralized strategies for respirator 

distribution.  A decentralized approach may be utilized when the supply of masks 
is adequate to provide each individual their own mask.  Centralized distribution 
may be preferred when the supply of masks is limited, and more control of the 
existing supply is needed.   

At UMMC, prior to COVID-19, disposable N95 respirators were readily 
available on the units, and PAPR hoods and power units were easily obtained 
from the Equipment Distribution Department.  When the COVID pandemic 
began, hoarding and theft of N95 respirators occurred, leaving the supply 
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depleted.  A supply of elastomeric respirators was available; however, not 
sufficient for each employee to have their own.   

All respiratory protective devices, disposable N95s, EHMRs and PAPR 
units and hoods were collected from all patient care areas and brought to a 
central location, which became the respiratory PPE distribution center.  This 
location was manned around the clock.  As most staff arrive between the hours 
of 6 am/pm and 8 am/pm, additional distributors were scheduled to dispense 
respirators during these times.  A total of 6 workstations were created including a 
computer, educational materials for use of each respirator style, face shields, 
paper bags, and face masks.  Initially surgical masks were considered unit stock; 
however, when the supply became critical, face masks were centralized.  Four 
stations dispensed respirators and two handled returns.  In hours other than 6 to 
8, staffing was reduced to four persons, who could dispense or return.  While fit-
testing of employees in the respiratory protection program was ongoing, the 
distribution needs remained constant, even outside normal shift change, as each 
person being fit-tested checked out the mask and then checked it immediately 
back in.  This process captured the individual’s sizing and assisted with tracking 
the number of employees who were fit-tested and required respiratory protection.  
As fit-testing hours were reduced, staffing the distribution area was reduced also.  
In the final model, three to four personnel were utilized during peak times and 
reduced to two persons until 9pm when staffing was reduced to one person.  

For the dispensing process, the HCP comes to the distribution center and 
provides their information to the distribution staff (figure 10).  The distribution staff 
record the HCP’s information and size of mask.  The HCP picks up a mask from 
the labeled bin (figure 11) and proceeds to their work unit.  After the work shift, 
the HCP returns to the distribution center, approaches a distribution staff 
member, who records the return and the mask is placed into a “soiled” bin (figure 
12) to get cleaned/ disinfected.   
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Figure 11. PPE Distribution Center Check-out Stations. 

 
Figure 12. Bins of Processed EHMRs. 
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Figure 13. Collecting Used EHMRs 

Cleaning/ Disinfection    
Immediate post-use decontamination. 
The employee is instructed to use a 4-wipe method for immediate device 

disinfecting while in the patient care area using one wipe on each of these four 
surfaces: the filter cases, the inside of the mask, the outside of the mask, and the 
straps (Appendix G).  This method has been validated against removal of 
influenza applied to silicone facemasks 14. For use during COVID-19, wipes with 
kill claims against SARS CoV-2 should be used. 15  Disinfectant should remain in 
contact with the respirator surface for its recommended contact time.  For 
hospital disinfectant wipes like Oxivir®TB, Super Sani-Cloth®, or Dispatch®, this 
is 60 seconds. 15 EPA List N Disinfectants for COVID-19 summarizes 
recommendations of the disinfectant contact times provided by manufacturers.  
The respirator should not be manipulated until this appropriate contact time has 
passed.  This assures compliance with antimicrobial disinfection guidelines.  
Respirator manufacturers may supply specific guidance on respirator materials 
tolerability with various chemical disinfectants.50 

At UMMC, Oxivir®TB wipes are the preferred disinfectant wipe.  To 
reduce the chance for skin irritation from disinfectant residue on the face mask, 
users may wipe the mask surface in contact with the skin with a water-dampened 
cloth.14,50   

End-of-shift decontamination. 
After devices are returned to the distribution area, the masks are brought 

to the central sterile processing center (CSP).  The institution should have a 
decontamination protocol for elastomeric masks to ensure they are free of 
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contaminants (Appendix I).  This protocol is also viewable on the n95decon.org 
website as an example implementation protocol 
https://www.n95decon.org/implementation#other-ppe 51  The protocol in use at 
UMMC was originally based on published protocols and 3M guidance for 
cleaning and disinfecting 3M reusable elastomeric respirators, using disinfectants 
with kill claims against SARS CoV-2.4,11,12,14,15,50  The 3M guidance also lists 
disinfectants that are compatible with their suite of elastomeric respirators.50  

The filters are removed from the masks prior to cleaning as they must not 
get wet.  The outside of the cartridge filter is wiped with a disinfectant making 
sure to avoid the inside area.  The facepiece is then disassembled (silicone mask 
and head strap piece).  For the washing step, a sink which has a screen over the 
drain is filled with enough water and detergent to cover the masks to be cleaned.  
The screen covering the drain prevents the loss of the silicone discs, which act 
as one-way valves in the mask.  If a separate basin is used instead of a sink, 
take care not to discard the silicone one-way valves, which may separate from 
the mask assembly during reprocessing.  The one-way valves are removed from 
the mask.  The silicone masks and one-way valve discs are submerged into the 
detergent solution (Endozyme SLR®, 1-2 oz/ gallon of water, Ruhof Corp., 
Mineola, NY), soaked for3 minutes then scrubbed to remove any dirt, cosmetics, 
or oils.   

The face mask - but not the head harness and strap - is rinsed in water 
then placed into a hydrogen peroxide solution (Revital-Ox® RESERT® High 
Level Disinfectant, Steris Healthcare, Mentor, OH) for 8 minutes.  The 
disinfection process initially was performed with Oxivir® 5/16.  This product 
required discarding of the disinfectant solution after 24 hours, which became 
non-tenable due to disinfectant shortages.  Instead, the process transitioned to 
use of RESERT®.  This had advantages of a) ability to confirm quality assurance 
with use of indicator strips, b) ability to use the solution for 21 days, and c) use of 
a high-level disinfectant. The head harness and strap are rinsed in water, but not 
submerged in the disinfectant solution.  Early experience revealed embrittlement 
of the strap fasteners if submerged in, the disinfectant, and the process was 
abandoned.  Instead, the harness and straps are wiped with hydrogen peroxide 
wipes (Oxivir Tb®, Diversey Inc., Fort Mill, SC).   

The mask and head harness and straps are reassembled and placed in a 
dryer (not to exceed 51 ℃ or 124 ◦ F) until dry, about 45 minutes.  Because 
studies have demonstrated continued efficacy with repeated decontamination 
cycles4,  the disinfected cartridge filters are reattached to the mask, which is 
inspected to ensure the valve pieces are in place and the head harness and 
mask connection is secure using the tug test (Appendix D), then placed in a 
plastic bag. 

The CSP-based decontamination protocol utilized hydrogen peroxide-
based disinfectants.  The 2019 EHMR decontamination studies by Applied 
Research Associates, however, utilized dilute bleach as the disinfectant4.  This 
bleach-based face mask disinfection protocol showed mask durability and fit after 

https://www.n95decon.org/implementation#other-ppe
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150 cycles of reprocessing. The UMMC protocol avoided bleach due to concerns 
about bleach residue on face masks being a respiratory or dermal irritant.   

In a small, clinic environment where use of large volumes of disinfectant 
solutions may not be practical or could not be performed safely, it may be 
reasonable to leave out the disinfectant solution-based step (Appendix J).  
Instead, application of disinfectant wipes to the EHMR surfaces should provide a 
disinfection coverage for multiple organisms.  The removal of soiling agents, 
however, should still occur and is accomplished with use of water and neutral 
detergent.  The protocol included in Appendix J is based on Bessesen et al. AJIC 
2015.  It has been used in the University of Maryland School of Medicine Faculty 
Practices (FPI) utilizing EHMRs, where the expectation is to wipe the respirator 
with disinfectant wipes after each doffing episode and to clean the respirator in 
soap and water at the conclusion of the shift.  Written protocols and videos 
summarizing the decontamination strategies are included below and in Appendix 
J. 

Additional Resources designed for Ambulatory Practices: 
University of Maryland School of Medicine (UMSOM) FPI Employee Health 
Elastomeric Respirator Page: 
https://www.medschool.umaryland.edu/fpi/Novel-Coronavirus-COVID-
19/Information-for-FPI-Clinical-Practices/Personal-Protective-Equipment-
PPE/Respirators/ 
 
UMSOM FPI YouTube Video on wiping the respirator after each doffing: 
https://youtu.be/ZjBf8KioJL4 
https://youtu.be/D_cR9i5lvuI 
 
UMSOM FPI YouTube video on end-of-shift respirator cleaning: 
https://youtu.be/8tts5Gc7a3E 

Tracking 
The database used for tracking the mask can be as simple as a paper tool 

like the old-style library checkout cards to a sophisticated database with linkages 
to human resources.  The choices depend on resources available to the 
institution and the time available for deployment.  A simple system can be 
deployed rapidly, but tracking becomes more difficult over time and when the 
need arises to determine if a mask has been returned.  At UMMC, a clinical 
engineer designed a web-based database which linked initially to the hospital 
badge system.  This system (Figures 13 and 14) captured the badge number 
then automatically filled in the employee name and employee ID number. A PPE 
worker completed entry of the mask checked out (type and size) and cell phone 
number.  Cell phone numbers were selected to be able to send text messages to 

https://www.medschool.umaryland.edu/fpi/Novel-Coronavirus-COVID-19/Information-for-FPI-Clinical-Practices/Personal-Protective-Equipment-PPE/Respirators/
https://www.medschool.umaryland.edu/fpi/Novel-Coronavirus-COVID-19/Information-for-FPI-Clinical-Practices/Personal-Protective-Equipment-PPE/Respirators/
https://www.medschool.umaryland.edu/fpi/Novel-Coronavirus-COVID-19/Information-for-FPI-Clinical-Practices/Personal-Protective-Equipment-PPE/Respirators/
https://youtu.be/ZjBf8KioJL4
https://youtu.be/D_cR9i5lvuI
https://youtu.be/8tts5Gc7a3E
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staff should they fail to return a mask.  This database worked in the beginning but 
did not have an automatic interface with human resources or the badge office, so 
any new employee required a manual entry for each use as well as any non-
badged worker such as students or contractors.  The database reports for device 
check outs and returns were separate, so queries became difficult over time as 
the two reports had to be joined in excel then manually sorted to identify outliers.  
Resourcing of higher-level functions like databases are limited, especially in 
emergent situations, so simpler solutions may be more beneficial.  A lack of a 
unified database created gaps in recordkeeping creating opportunities for 
inappropriate mask dispensing relying on the honor system, which again, 
emphasizes the need for detailed documentation and unified recordkeeping.  
Challenges also arise with tracking of HCP under the jurisdiction of different 
employers or programs, such as students. 

 
Figure 14. PPE Hub Tracking Fields. 
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Figure 15. PPE Hub Tracking Selection Fields. 

 
Currently UMMC is investigating the use of dispensing machines which 

would dispense and accept returns (different machines next to each other).  
These machines have a common database with options to notify the supply 
department of a refill need, the manager of a user who did not return the mask, 
and prohibits a user from checking out an additional item if they currently have an 
item checked out without their supervisor’s approval to ensure that all masks will 
be returned.   

Storage 
Storage of elastomeric face masks and particulate filters can be 

challenging as they are bulky and oddly shaped.  At the UMMC, a dry disinfected 
mask is placed into a plastic sleeve measuring 8 by 12 inches with a folding 
adhesive seal (Self-Seal Dustcover SE0812, Healthmark Ind., Fraser, MI), which 
allows for more compact storage.  The masks are sorted by size and placed into 
labeled bins (figure 15).  At least twice the number of masks as the number of 
staff requiring them are needed to avoid shortages particularly around shift 
change, as the staff working need protection as well as the staff coming on.   
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Figure 16. Sleeved Decontaminated EHMRS in bins. 

Respirator Use and Transport 
Respirators provide protection only if they are available for the HCP when 

the HCP needs it.  In a survey of HCP, only 76% reported that the elastomeric 
mask was always with them 8demonstrating the organization’s need to provide a 
method for the HCP to keep their mask with them or in their close proximity. The 
HCP, who is without their assigned respirator, may be tempted to use another 
respirator which is available to them, but for which they have not been fit-tested, 
thus they may be under protected.  Some organizations have found issuing a 
small backpack to the HCP to carry the mask with them may be helpful 5,52.  
Another method for longer term scenarios, such as in a shift in a bio-containment 
unit, would be to require the HCP to wear the mask while on duty except during 
breaks. 

During the initial COVID-19 surge response, a supply of 500 semi-
permanent string bags were donated to the UMMC.  These were provided with 
the elastomeric respirators at the PPE Distribution Center.  The supply was 
depleted over several days.  There was not an expectation for shared use.  Over 
time, many elastomeric users brought their own backpacks, fanny packs or other 
bags to carry the respirators.  Regular availability of the elastomeric respirators 
for mobile workers has remained a challenge.  Physicians, for example, 
anecdotally will leave their respirator accidentally at a patient care site or will 
leave a workroom to see a patient and forget to bring the respirator to the care 
area.  An employer-sponsored distribution of backpacks or fanny packs, with the 
expectation that the elastomeric respirator wearer uses this as a means of 
readiness, would likely alleviate some of these lapses and would create greater 
uniformity.    
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Filter Change-out Schedule 
Filters only need to be changed if they become wet, damaged, difficult to 

breathe through, or have exceeded the expiration date provided by the 
manufacturer 3. Traditional filter change recommendations are based on the 
probability that the filter will become saturated with particulate.  In industrial 
environments, where the filter is exposed to particulates like silica dust, filter 
saturation may occur after only several hours of use in a highly dusty 
environment.  In healthcare, the particulate load in the ambient environment is 
low and the probability the filter will become saturated is low.  Thus, particulate 
filters in healthcare may be used for extensive periods of time and the filters may 
likely not ever become saturated.  

The N and P designation of filters refers to their ability to resist oils, where 
N denotes “no” resistance to oils, and P denotes “partial” resistance to oils 53. 
Healthcare environments do not contain oils, so the traditional, industry-based 
recommendation of changing for 40 hours of use or every 30 days for changing P 
series filters is not necessary.  During the pandemic for COVID, the filters UMMC 
had on site were past their expiration date.  UMMC staff communicated with the 
manufacturer regarding whether these filters could be used.  Because the filters 
were still in their sealed packaging, had been stored in a climate-controlled 
building and were within 5 years from manufacture, UMMC was informed that 
these filters could be used during this emergency.  The dates printed on the 
filters; however, caused confusion with HCPs who thought they would expire and 
need to be changed, which required frequent communication and reassurance 
regarding the differences between filter use in industrial vs. healthcare settings. 

Studies have shown that microbial particles do not penetrate the filters 
used on EHMRs 54.  Live viral particles that are filtered by the cartridge ultimately 
will die and become non-viable.  This provides reassurance that filters can be 
reused and do not require use by the same worker. This provides significant 
benefit during a pandemic, when supply shortages for filters intended for single 
use may occur.38,55 

Parts replacement 
Some parts of the mask may become damaged or missing with mask use.  

Components that may need replacement are the one-way valves within the 
mask, fastener clips to secure the mask, and the crown piece of the harness.  
One-way valves may become dislodged in cleaning and lost.  The plastic 
fastener clip (Figure 16) may break over time as may the plastic crown piece of 
the harness.  Some replacement parts may be available for purchase to repair 
existing masks.  Masks with broken pieces can also be scavenged for 
replacement parts. 
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Figure 17. EHMR Fastener.  Arrow points to breakpoint. 

Environmental Storage Conditions 
The supply of respirators and filters before COVID-19 was stored in an air 

conditioned/ heated storage room. Since COVID-19, any new product has been 
stored in the hospital’s Materials Distribution Department in a climate-controlled 
environment. This environment typically maintained temperatures of below 78 
degrees F and humidity of 40-70%.  Manufacturer guidance recommends that if 
filters are stored unopened in the original packaging and away from direct 
sunlight, humidity, and sources of high temperature, cartridges will last five years 
from manufacture date.  Filter-specific information should be sought from the 
manufacturer. 

Additional Resources 
PPE Distribution Center staffing position descriptions and Frequently 

Asked Questions answer sheets are provided in Appendix K and Appendix L for 
reference.  Appendix M is an Information Sheet about use of a shared supply of 
respirators that can be provided to HCP.  Staff complained about risk of pressure 
injuries to their face due to prolonged use of EHMR.  UMMC Wound, Ostomy 
and Continence nurses were consulted to identify strategies for prevention of 
pressure without interfering with the mask seal.  Appendix N includes their 
suggestions for handling of skin irritation associated with prolonged EHMR use. 
Facial product use should be used in accordance with EHMR manufacturer 
guidance.  Any interference that a facial product might create between the mask 
and the face could affect the seal, potentially allowing the user to be exposed to 
an inhalable pathogen 42.  If a product is applied to the face, the user should 
reassess that the mask retains fit and seal by undergoing repeat fit-testing and 
performing a user seal check before each use. 
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 RESPONSIBILITIES OF KEY PROGRAM LEADERS 

• Each hospital authorizes a Respirator Program Administrator to 
carry out responsibilities in compliance with an OSHA-required 
respiratory protection program. 

• Additional key program leaders include the practitioner providing 
medical clearance, fit-testers, a PPE distribution director, a 
decontamination program director, materials management director, 
and an information systems specialist. 

• Facilitators of successful EHMR implementation include leaders from 
Infection Control, nursing and medical staff, emergency command 
and directors from training programs, if applicable. 

 

Respirator Program Administrator 
Hospital respiratory protection programs (RPPs) are implemented to 

facilitate compliance with employer responsibilities under OSHA’s respiratory 
protection standard.  As described in the Respiratory Protection Toolkit, the 
responsibility for the RPP falls under a designated official “Respirator Program 
Administrator” (RPA) (figure 17) 40.  In hospital settings, this RPA is often a safety 
professional, occupational health professional or specialist in infection prevention 
and control.  Hospital administration has the ultimate responsibility for all aspects 
of the RPP program and has given the RPA full authority to make the necessary 
decisions to ensure its success.  Other key roles in an elastomeric respirator 
RPP include the following 

Fit-testing program 
A PLCHP in the hospital employee health program typically provides 

employees’ medical clearance for respirator use.  The RPP will also include fit-
testers who are knowledgeable on how to perform elastomeric respirator fit-
testing. 

Respirator reprocessing and centralized distribution   
A hospital may elect to set up a PPE distribution center to facilitate use of 

a shared pool of respirators.  A PPE distribution center requires a Director to 
oversee center operations, organize staffing and communicate with the 
RPA.  WIthin the center, if respirators are being transported to and from the 
clinical units en masse, such as a “milk run” style distribution of clean and soiled 
respirators, a distribution coordinator should be identified to assure that 
respirators are indeed being picked-up and dropped off.  (Note, this style of 
distribution was attempted in a Canadian pilot program in 2013 and failed due to 
lack of designated personnel to transport the respirators to and from the clinical 
units 49. 

A critical piece facilitating elastomeric respirator use in healthcare is 
assurance of decontamination.  A decontamination director should be identified 
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who will be in charge of procedures to assure that the respirators have been 
appropriately cleaned (free of soiling agents and facial contaminants) and 
disinfected (free of microbial contaminants).  Some hospitals have utilized 
Directors of Central Sterile Processing for these roles.  If respirator reprocessing 
is to be performed on a clinical unit - and not performed centrally - a 
decontamination champion should be identified to assure that decontamination 
procedures are occurring at the expected frequency and in accordance with 
expected protocols. 

Materials management.   
The materials management or supply chain director for the facility should 

be directly involved in the RPP.  This person must work with the RPA and 
hospital logistics specialists to maintain up-to-date records and real-time 
feedback on existing and expected quantities of supplies and replacement parts. 

Human resources (HR) or information technology systems specialist.   
An RPP requires record keeping, Often, employee rosters supplied by HR 

are needed to track annual respirator fit-testing, mask size, and assurance of 
medical clearance.  Commercial RPP-focused information systems are available 
to track employee health and other safety measures.  These systems are often 
“housed” in HR or employee health and often require IT support to facilitate 
optimal use. Institutions may establish their own information systems. 

Facilitators.  
For optimal elastomeric respirator deployment, management commitment 

and support from directors in the following roles can make significant differences. 
> Director of Infection Prevention and Control/Hospital 

Epidemiologist. These directors have expertise in infectious disease, methods 
in decontamination and standards required of hospitals by various authoritative 
bodies.  Collaboration between the RPA and Infection Prevention team is 
essential in rolling out a program that requires reuse of equipment. 

> Chief Nursing Officer (CNO) and Chief Medical Officer (CMO). To 
facilitate buy-in by hospital nursing and physician staff, CNO and CMO may 
leverage their leadership to disseminate information to supervisors and facilitate 
Q&A. 

> Chief of Logistics/Emergency Response Commanders.  Particularly 
during emergency response, Logistics Chiefs often coordinate a variety of 
aspects ranging from patient flow to staffing and resource utilization.  Inclusion of 
logistics directors on updates to the RPP will facilitate broader understanding and 
security about HCP protections. 

> Housestaff and Student Trainee Program Directors. Many hospitals 
include academic training programs.  Trainees often are not automatically 
included in hospital RPPs as they may not be considered hospital 
employees.  Inclusion of training program directors in updates on RPPs can 
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facilitate compliance with expected protocols in accordance with hospital 
expectations for all staff members. 

While these roles may be filled by specific individuals in a large hospital, 
smaller settings may not require the same number of individuals.  Regardless of 
size, the roles will be similar - even if multiple duties may be shared by the same 
individual.  For example, an employee health clinician may also be the RPA and 
fit-tester.   

 
Figure 18. Respiratory Protection Organizational Chart. 
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 COSTS 

• Costs associated with respiratory protection programs include direct 
costs associated with the mask, but also indirect costs of cleaning/ 
decontamination and distribution 

• Failure to provide respiratory protection to HCP resulting in 
exposure may include costs associated with sick time, use of agency 
workers, overtime, workers compensation and OSHA violations. 
 
Costs of a respiratory protection program are both direct and indirect.  

Direct costs relate to the actual purchase price of the respirator, but for re-usable 
devices, can be expressed as a per use cost by dividing the purchase price by 
the number of uses.  Indirect costs are associated with the cleaning/ 
decontamination and distribution of the mask.  Cleaning and decontamination 
costs can likewise be expressed on a per mask basis by dividing hourly salary 
rates of workers performing those tasks by the number of masks.  Other costs 
include those of supplies used in cleaning, such as the disinfectants, hydrogen 
peroxide for vaporization, sterilization envelopes, and low temperature 
sterilization vaporizers for reprocessing of non-cellulose-based N95 FFRs.  Labor 
costs may be offset by utilizing re-assigned workers whose roles may have 
shifted due to the pandemic.  Other considerations include the availability a 
reusable respirator program affords an organization in light of the limited 
availability of N95 FFR during the pandemic.   

Table 2 provides the cost per use of EHMRs compared to that of single 
use and decontaminated N95 FFRs.  These costs were estimated based on the 
UMMC experience during the COVID-19 pandemic.  Costs for standard 
operations, when fewer users need to be accommodated, will be significantly 
lower; however, as protection may be required during performance of AGPs, the 
costs may not be as low as pre COVID-19.  The costs estimated are direct costs 
of EHMRs and FFR.  Both single use and decontaminated FFR costs are 
estimated.  Although some FFR are approved to for decontamination up to 10 
times using a vaporized hydrogen peroxide method, the likelihood of the 
respirator to maintain a tight seal is reduced from repeated donning and doffing56.   

Other costs include labor and supply costs for cleaning/ decontamination.  
Labor costs are estimated as the product of the time required to complete the 
daily clean/ decontaminate tasks and the worker’s hourly rate.  Supply costs 
include those of the disinfectant used or the agent used in the hydrogen peroxide 
sterilizer, which is considerably higher for the low temperature sterilization 
systems per cycle ($402/cup for 15 cycles, VAPROX®, Steris) compared to high-
level disinfectants ($208/liter using 10 liters every 21 days, Revital-Ox® 
RESERT®, Steris) for EHMRs  

The distribution center may not be needed depending on device supply.  
UMMC chose central distribution to maintain security of the supply for all types of 
respiratory protection devices, not just EMHR.  This central distribution model 
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needed 10.5 FTE to maintain 3-4 staff during peak hours and 1-2 staff during 
other times.  Space requirements included approximately 200 square feet with 4 
computers.  Total costs estimated at $600,000 annually.  Transitioning to an 
automated system reduces FTE count to 1.2 FTE to manage the database, 
stocking, and machine support at $48,533.  Initial machine costs are estimated at 
$409,000.  The fit-testing center requires 2.6 FTE to staff Monday - Friday from 
9am - 2pm costing $102,000, with plans to increase to 6 FTE to accommodate 
annual requirements and changes in N95 styles as supply fluctuates.  
Decontamination is essential in both distribution models and will require an 
estimated 1.6 FTE at $60,667 annually.  All salaries were calculated at an hourly 
rate of $15-$20 including benefits.   
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Table 2. Comparison of Respirator Costs 

  Elastomeric Masks  Decontaminated N95  Single Use N95  

Direct Costs       

Face mask cost $39.00  $0.55  $0.55  

Filter Cost $6.33  NA  NA  

Number of Filters 2.00  NA  NA  

Total Cost $51.66  $0.55  $0.55  

Number of Uses/mask 150.00 a 10.00 b 1.00  

Direct Cost/Use $0.34  $0.06  $0.55  

Indirect Costs       

Cleaning/ Decontamination Costs 

Number of HCP using 
masks/dayd  450.00 

 

450.00 

 

450.00 

 

Number of masks 
used/day 450.00 

 
450.00 

 
1350.00 

 

Number of masks 
cleaned/hour 60.00 a 37.50 e  

 

Number of hours of 
laborf  7.50 

 

12.00 

 

NA 

 

Labor cost/hour $20.00  $20.00  NA  

Labor cost/mask useg $0.33  $0.53  NA  
Disinfectant cost/mask 
use $0.22 h $2.68 i NA 

 

Indirect cost/mask usej $0.55  $3.21  NA  

Total cost/mask usek $0.90  $3.27  $0.55  

       

Annual Usagel 164,250.00  164,250.00  492,750.00  

Annual Mask Costm $147452.70  $536823.75  $271012.50  
a Based on 150 decontamination cycles per mask.  Mask may withstand higher numbers of 
decontamination cycles. 
b The STERIS VHP system has FDA Emergency Use Authorization for single-user reuse for a 
maximum of 10 decontamination cycles.57  It may not be possible, however, to continue to 
achieve reliable fit with repeated donning and doffing cycles simply due to degradation of the fit.56  
Storage of the N95 respirator in between uses in a non-compressible container will increase 
likelihood that the N95 FFR may maintain fit with repeated use cycles. 
c Single use masks may vary in cost by manufacturer.  The number of single use masks may also 
vary by HCP and their work, 3 is used as the minimum to account for removal for breaks/ 
mealtimes. 
d Based on UMMC average daily usage, will vary by institution 
e A maximum of 10 pouched masks can be processed in Non-Lumen Cycle of the V-PRO 1 Plus, 
maX, and maX2 sterilizer with 16-minute cycle. 
f Daily mask use/number of masks cleaned per hour 
g (Number of hours of labor*labor cost/hour)/number of masks used/day 
h Revital-Ox® RESERT®, $208, 10 liters every 21 days, $2080/(450*21) 
I Vaprox Sterilant, $402/cup; 15 cycles/cup 
j Labor cost/mask use + Disinfectant cost/mask use 
k Direct cost/ mask use + Indirect cost/mask use 
l Number of masks used/day * 365 days/year 
m Annual usage * Total cost/mask use 
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What cannot be calculated are the costs associated with a HCP exposure 
if PPE is unavailable.  Costs associated with an exposure (table 3) may be 
compounded should the HCP contract COVID-19 and need medical care, be off 
work using sick time, and probable use of overtime to cover the HCP being off 
work.  Moreover, if they develop the disease and expose others in the workplace, 
entire units in the hospital may need to close due to lack of staffing reducing the 
organizations ability to respond to a pandemic surge.  This may result in the 
hospital paying for use of agency or temporary workers, which may threaten 
patient safety and present higher costs. 58,59    Additionally, costs increase 
significantly if a PPE breach from lack of availability or a protection failure leads 
to healthcare worker turnover.  On average, costs for replacing a worker are 
estimated at 25% of the worker’s salary. 60  A 2004 study focused on healthcare 
showed that costs associated with turnover of physicians and registered nurses 
were $66,137 and $23,487 per worker. 61 There may also be implications related 
to enforcement of OSHA standards if an employer does not furnish protective 
equipment as required under the Respiratory Protection Standard (29 CFR 
1910.134) or General Duty Clause, Section 5(a)(1) of the Occupational Safety 
and Health (OSH) Act of 1970, 29 USC 654(a)(1). 62 
  



Page 44 of 98 

Table 3. Possible Costs Associated with HCP Unprotected Exposure to 
COVID-19 
COVID-19 Testing $12763  
Quarantining the HCP for 7-14 days $4,800 for 14 days (Nurse, UMMC) 
Replacement HCP coverage of the 
quarantined HCP $7,200 for 14 days (Nurse, UMMC)  
Costs if Exposed HCP Contracts 
COVID-19  

• Medical care for HCP which 
can range from outpatient care 
to critical illness care including 
ECMO 

$3,045 (median direct cost)64 
$14,366 (median if hospitalized) 

• Death of HCP Average funeral costs 
HCP Replacement 

• Exposure of other HCPs 
requiring testing, quarantine, 
potentially contracting illness 

Above costs multiplied by number 
of HCP contacts 

• Exposure of HCP’s family 
members (quarantine and loss 
of productivity) with potential of 
contracting illness (medical 
costs, lost wages) 

Above costs multiplied by number 
of HCP contacts 

OSHA violation fines $18854.5065  
 
Burn rate calculators are available and may assist healthcare settings in 

determining adequacy of supply and assist in estimations about costs.  The CDC 
burn rate calculator addresses N95 FFR and other PPE but does not address 
impact of N95 reuse following decontamination 66.  The N95decon.org burn rate 
calculator incorporates N95 FFR decontamination cycles to predict burn rate 67.  
Neither calculator incorporates the use of EHMRs. 

 

Additional Resources: 

• CDC PPE Burn Rate calculator : https://www.cdc.gov/coronavirus/2019-
ncov/hcp/ppe-strategy/burn-calculator.html 
 

• N95decon.org N95 with decontamination burn rate calculator: 
http://n95decon.org/files/pooled-vs-index-user 
 

  

https://www.cdc.gov/coronavirus/2019-ncov/hcp/ppe-strategy/burn-calculator.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/ppe-strategy/burn-calculator.html
http://n95decon.org/files/pooled-vs-index-user
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 APPENDICES 
Appendix A. Respirator Comparison Matrix to Assist in Determining User Assignment and Implementation 
Strategy 

Consideration EHMR Loose-fitting PAPR N95 FFR 

Decontamination Requires cleaning & disinfection; Can use 
disinfectant wipes after each doffing; Manual or 
automated cleaning/ disinfection protocols 
(validated with influenza) available; may be unit 
based; however centrally performed may be 
easier and reduce variation.; Neutral detergent 
for cleaning and chemical disinfectants (bleach, 
H2O2), Automated reprocessing via Medium 
temperature (50◦C) washer-disinfector; Straps 
rate-limiting-step on drying;   

Requires disinfection; Can use disinfectant wipes 
after each doffing.   Manual or automated 
cleaning/ disinfection protocols (validated with 
influenza) available; may be unit based; however 
centrally performed may be easier and reduce 
variation. 
Check with manufacturer guidance for care of 
head covers versus other components (hoses, 
belts, power units). 
Options for cleaning: neutral detergent + water 
with sponge; Options for disinfecting: Chemical 
disinfectants (bleach, H2O2, QAC), Automated 
reprocessing via Medium temperature (50◦C) 
washer-disinfector 
Limited data on shroud reprocessing with ionized 
H2O2 and ozone. 

Decon strategies available (UVGI, H2O2 vapor, 
moist heat) to allow some limited reuse.  # of 
cycles of reuse.  Strategy depends on respirator 
model and method of decon. 

Storage/Distribution Individual assignment (1 mask per person): 
Storage near patient care area preferred (i.e. 
locker). Respirator is unavailable for respiratory 
protection when not used by HCP, variation with 
user cleaning/ decontamination; need 
identification process if centrally cleaned/ 
decontaminated. If individuals move throughout 
the hospital (not on a dedicated unit), need a 
dedicated backpack or sack for storage and 
transport. 
Shared supply: Should only be done if 
respirator decontamination assured centrally 
Hybrid:  Assign to individual but create structure 
for centralized, standardized decontamination.  
Need dedicated staff or automated machines for 
pickup/return of respirator.  Respirator will not be 
available for use when individual worker not at 
work 

Power units require charging location. Likely 
most efficient to expect power units to be unit-
based and hoods to be user-specific 
Individual assignment (1 hood per person):  
Storage near patient care area preferred (i.e. 
locker).  Hood unavailable for respiratory 
protection when not used by HCP, variation with 
user cleaning/ decontamination; need 
identification process if centrally cleaned/ 
decontaminated. If individuals move throughout 
the hospital (not on a dedicated unit), need a 
dedicated backpack or sack for storage and 
transport. 
Shared supply can only be done if respirator 
decontamination assured centrally 
Hybrid:  Assign to individual but create structure 
for centralized, standardized storage and 
decontamination.  Need dedicated staff or 
automated machines for pickup/return of 
respirator.  Respirator will not be available for 
use when individual worker not at work. 

Can be stored on units or centrally supplied. 
Individual assignment preferred and required 
unless certain decontamination methods used (i.e. 
HPV).  User needs breathable storage container.  
Most conventional method is with paper bag 
storage.  Respirator can get crushed in a bag; 
Needs to also limit compression of mask, such as 
food storage container with holes or paperboard 
box. 

Space If using central supply, need a distribution 
center or vending machine-style option. 

Need space to hang head covers and charge 
PAPRs.  If using central supply, need a 
distribution center or "vending machine" option. 

Minor impact on individual units.   
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Consideration EHMR Loose-fitting PAPR N95 FFR 

Labeling Not needed if using shared supply; If using 
individual supply, should have (indestructible & 
water proof) tag attached to strap to identify 
user. 

Not needed if using shared supply; If using 
individual supply, should have permanent marker 
or label attached to identify user. 

Needed for decon and reuse when returned to 
index user; Depending on brand, can be on mask 
or straps; Preferable if barbell-style label on the 
straps that could withstand decon 

Respirator Transport If using central reprocessing or central supply, 
need staff identified to transport respirators btwn 
users and drop-off location.  Workers may be 
expected to pick up/drop-off their respirators. 

If using central reprocessing or central supply, 
need staff identified to transport head covers  
btwn users and drop/off location.  Power units 
would remain unit-based unless also individually 
assigned 

Needed for return to user after decon, or expect 
user to pick-up at distribution center; (If isn't 
returned back to unit, user may simply select a 
new N95, which defeats the purpose of extending 
use with decon cycles.) 

Readiness Mobile workers should have a means to keep 
respirator on them throughout shift, like 
backpack/beltpack/carabiner hook.  This device 
should be cleanable.  Workers in fixed 
workstations may not need. 

Mobile workers should have a means to keep 
HOOD on them throughout shift, like 
backpack/beltpack/carabiner hook.  This device 
should be cleanable.  Workers in fixed work-
stations may not need.  If power units assigned 
to specific individuals, will have to carry them, 
also. 

Mobile workers should have a means to keep 
respirator on them throughout shift, like 
backpack/beltpack/carabiner hook.  Need 
breathable, non-compressible container for reuse;  

Filter change-out 
schedule 

Replace if damaged or hard to breathe through; 
OTW no rec/science on interval; Optimal interval 
likely at least every 12 months 

Replace if damaged or hard to breathe through; 
OTW no rec/science on interval; Optimal interval 
likely at least every 12 months or as 
recommended by manufacturer. 

N/A 

Replacement parts Harness, fasteners, inhalation valves sometimes 
needed 

Hoses; Belts; power check cones, batteries. N/A 

Fit-testing required Yes - qualitative or quantitative NO Yes – qualitative or quantitative, but quantitative 
destroys mask. 

Training Done in fit-testing; External videos available Done in fit-testing; External videos available Done in fit-testing; External videos available 

Burn-rate calculator 
available? 

No No Yes - CDC and N95decon (incorporates decon 
info) 

Unit-based assignment Not needed Ideal (because of need for charging) Not needed 

APF (Protectiveness) 10* 25 10 

Requires face shield Yes No Yes 

Exposed skin Yes Yes - neck, unless shroud Yes 

Sterile field Use and 
Exhaled breath concerns 

No Historically, not recommended due to 
presence of exhalation port.  May be acceptable 
if exhausted air is filtered or if surgical mask 
worn over. 

No, but Possible with surgical mask underneath; 
(Not how intended to be used) 

Yes 

Code Blue/emergency 
scenarios 

Harder to communicate in; May get harder to 
breathe in during chest compressions 

Slower to don; Clear facepiece helps with 
communication but may be negative if wearing 
surgical mask underneath; Blower noise may 
limit communication 

Fastest to don but more prone to seal 
problems/lower protection; Easiest to 
communicate in noise-wise but can't see mouth 

Donning/Doffing issues 
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Consideration EHMR Loose-fitting PAPR N95 FFR 

Risk of self-contamination 
with doffing 

Low Higher if also shroud Lowest if discarding; Higher if reusing (as not 
deconning in btwn uses);  

Speed of donning Faster Slower Faster 

User issues 
   

Comfort Average; Likely low with prolonged use;  Average; Likely high with prolonged use Average 

Facial Temperature Higher Lower Higher 

Communication Reduced Reduced due to blower sound, but can see 
mouth movement 

Better 

Interference with tasks Some (stethoscope) Mod (stethoscope, gown) Minimal 

Facial hair No  Yes No 

Mouth visible No  Yes No 

Exhaled breath filtered No Some models Yes 

Possible ideal groups Anyone with episodic on/off use (as can clean 
often), including non-clinical staff 

High-risk procedures/AGPs for COVID 
confirmed or suspected patients: airway 
surgeries, Anesthesiology, Bronchoscopy, 
Biocontainment Units - staff in PPE for 
extended time; People unable to be 
medically-cleared for tight-fitting respirator; 
Staff that must keep facial hair;  

OR, sterile procedures  

* Level of protection may actually be higher due to better seal to face and/or use of filters with higher filtration 
efficiency (National Academies of Science Engineering and Medicine. Reusable Elastomeric Respirators in Health Care : 
Considerations for Routine and Surge Use. NATIONAL ACADEMIES PRESS; 2019. doi:https://doi.org/10.17226/25275).
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Appendix B.  Medical Clearance Questionnaires, excerpted from OSHA-NIOSH 
Hospital Respiratory Protection Program Toolkit40 

OSHA Appendix C to Sec. 1910.134: OSHA Respirator Medical Evaluation 
Questionnaire (Mandatory) 

 

 

To the employer: Answers to questions in Section 1, and to question 9 in Section 2 
of Part A, do not require a medical examination. 

 

To the employee: 

Your employer must allow you to answer the questionnaire during normal working 
hours, or at a time and place that is convenient to you. To maintain your confidentiality, 
your employer or supervisor must not look at or review your answers, and your 
employer must tell you how to deliver or send this questionnaire to the healthcare 
professional who will review it. 

 

Part A Section 1. (Mandatory) The following information must be provided by 
every employee who has been selected to use any type of respirator (please 
print). 

 

1. Today's date:   

2. Your name:   

3. Your age (to nearest year): 

4. Sex (circle one): Male/Female 

5. Your height: ft. in. 

6. Your weight: lbs.  

7. Your job title:   

 

 

8. A phone number where you can be reached by the healthcare 
professional who reviews this questionnaire (include the Area Code): 

 

9. The best time to phone you at this number: 

 

10. Has your employer told you how to contact the healthcare professional 
who will review this questionnaire (circle one): Yes/No 

 

11. Check the type of respirator you will use (you can check more than one category): 

 

http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9783
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a.   N, R, or P disposable respirator (filter-mask, non-cartridge type only). 

 

b.   Other type (for example, half- or full-facepiece type, powered-air 
purifying, supplied-air, self-contained breathing apparatus). 

 

12. Have you worn a respirator (circle one): Yes/No If “yes,” what type(s): 

Part A. Section 2. (Mandatory) Questions 1 through 9 below must be answered by 
every employee who has been selected to use any type of respirator (please circle 
“yes” or “no”). 

 YES NO 

 
1. Do you currently smoke tobacco, or have you smoked tobacco in the last month? 

 

  

2. Have you ever had any of the following conditions?   

a. Seizures   

b. Diabetes (sugar disease)   

c. Allergic reactions that interfere with your breathing   

d. Claustrophobia (fear of closed-in places)   

e. Trouble smelling odors   

3. Have you ever had any of the following pulmonary or lung problems?   

a. Asbestosis   

b. Asthma   

c. Chronic bronchitis   

d. Emphysema   

e. Pneumonia   

f. Tuberculosis   

g. Silicosis   

h. Pneumothorax (collapsed lung)   

i. Lung cancer   

j. Broken ribs   

k. Any chest injuries or surgeries   

l. Any other lung problem that you've been told about   

4. Do you currently have any of the following symptoms of pulmonary or lung illness?   
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a. Shortness of breath   

b. Shortness of breath when walking fast on level ground or walking up a slight hill or incline   

c. Shortness of breath when walking with other people at an ordinary pace on level ground   

d. Have to stop for breath when walking at your own pace on level ground   

e. Shortness of breath when washing or dressing yourself   

YES NO 
 

 
f. Shortness of breath that interferes with your job 

 

  

g. Coughing that produces phlegm (thick sputum)   

h. Coughing that wakes you early in the morning   

i. Coughing that occurs mostly when you are lying down   

j. Coughing up blood in the last month   

k. Wheezing   

l. Wheezing that interferes with your job   

m. Chest pain when you breathe deeply   

n. Any other symptoms that you think may be related to lung problems   

5. Have you ever had any of the following cardiovascular or heart problems?  

a. Heart attack   

b. Stroke   

c. Angina   

d. Heart failure   

e. Swelling in your legs or feet (not caused by walking)   

f. Heart arrhythmia (heart beating irregularly)   

g. High blood pressure   

h. Any other heart problem that you've been told about   

6. Have you ever had any of the following cardiovascular or heart symptoms?   

a. Frequent pain or tightness in your chest   

b. Pain or tightness in your chest during physical activity   

c. Pain or tightness in your chest that interferes with your job   
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d. In the past two years, have you noticed your heart skipping or missing a beat   

e. Heartburn or indigestion that is not related to eating   

f. Any other symptoms that you think may be related to heart or circulation problems   

7. Do you currently take medication for any of the following problems?   

a. Breathing or lung problems   

b. Heart trouble   

 

YES NO 
 

 
c. Blood pressure 

 

  

d. Seizures   

8. If you've used a respirator, have you ever had any of the following problems? 

(If you've never used a respirator, check the following space and go to question 9. ) 

a. Eye irritation 

b. Skin allergies or rashes 

c. Anxiety 

d. General weakness or fatigue 

e. Any other problem that interferes with your use of a respirator 

9. Would you like to talk to the healthcare professional who will review this questionnaire 
about your answers to this questionnaire? 

  

  

  

  

  

  

  

Questions 10 to 15 below must be answered by every employee who has been selected to use either a full- 
facepiece respirator or a self-contained breathing apparatus (SCBA). For employees who have been selected to use 
other types of respirators, answering these questions is voluntary. 

10. Have you ever lost vision in either eye (temporarily or permanently)?   

11. Do you currently have any of the following vision problems?   

a. Wear contact lenses   

b. Wear glasses   

c. Color blind   

d. Any other eye or vision problem   

12. Have you ever had an injury to your ears, including a broken eardrum?   

13. Do you currently have any of the following hearing problems?   
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a. Difficulty hearing   

b. Wear a hearing aid   

c. Any other hearing or ear problem   

14. Have you ever had a back injury?   

15. Do you currently have any of the following musculoskeletal problems?   

a. Weakness in any of your arms, hands, legs, or feet   

b. Back pain   

c. Difficulty fully moving your arms and legs   

 

YES NO 
 

 
d. Pain and stiffness when you lean forward or backward at the waist 

 

  

e. Difficulty fully moving your head up or down   

f. Difficulty fully moving your head side to side   

g. Difficulty bending at your knees   

h. Difficulty squatting to the ground   

i. Climbing a flight of stairs or a ladder carrying more than 25 lbs.   

j. Any other muscle or skeletal problem that interferes with using a respirator   

 
 

Part B. Any of the following questions, and other questions not listed, may be added to 
the questionnaire at the discretion of the healthcare professional who will review the 
questionnaire. 
 

 YES NO 

 
1. In your present job, are you working at high altitudes (over 5,000 feet) or in a place that has 
lower than normal amounts of oxygen? 

 

  

If “yes,” do you have feelings of dizziness, shortness of breath, pounding in your chest, or other 
symptoms when you're working under these conditions? 

  

2. At work or at home, have you ever been exposed to hazardous solvents, hazardous airborne 
chemicals (e.g., gases, fumes, or dust), or have you come into skin contact with hazardous 
chemicals? 

  

If “yes,” name the chemicals if you know them:  ,  ,  . 
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3. Have you ever worked with any of the materials, or under any of the conditions, listed below?  

a. Asbestos   

b. Silica (e.g., in sandblasting)   

c. Tungsten/cobalt (e.g., grinding or welding this material)   

d. Beryllium   

e. Aluminum   

f. Coal (for example, mining)   

g. Iron   

h. Tin   

i. Dusty environments   

j. Any other hazardous exposures 

If “yes,” describe these exposures:    

  

YES NO 
 

 
4. List any second jobs or side businesses you have: 

 

  

5. List your previous occupations:   

6. List your current and previous hobbies:   

7. Have you been in the military services? 

If “yes,” were you exposed to biological or chemical agents (either in training or combat) 

  

8. Have you ever worked on a HAZMAT team?   

9. Other than medications for breathing and lung problems, heart trouble, blood pressure, and 
seizures mentioned earlier in this questionnaire, are you taking any other medications for any 
reason (including over-the-counter medications)? 

If “yes,” name the medications if you know them:    

  

10. Will you be using any of the following items with your respirator(s)?   

a. HEPA Filters   

b. Canisters (for example, gas masks)   

c. Cartridges   

11. How often are you expected to use the respirator(s) (circle “yes” or “no” for all answers that 
apply to you)? 

  

a. Escape only (no rescue)   
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b. Emergency rescue only   

c. Less than 5 hours per week   

d. Less than 2 hours per day   

e. 2 to 4 hours per day   

f. Over 4 hours per day   

12. During the period you are using the respirator(s), is your work effort:   

a. Light (less than 200 kcal per hour) 

If “yes,” how long does this period last during the average shift:  hrs.  mins. 

  

Examples of a light work effort are sitting while writing, typing, drafting, or performing light assembly work; or 
standing while operating a drill press (1-3 lbs.) or controlling machines. 

b. Moderate (200 to 350 kcal per hour) 

If “yes,” how long does this period last during the average shift:  hrs.  mins. 

  

Examples of moderate work effort are sitting while nailing or filing; driving a truck or bus in urban traffic; standing 
while drilling, nailing, performing assembly work, or transferring a moderate load (about 35 lbs.) at trunk level; 
walking on a level surface about 2 mph or down a 5-degree grade about 3 mph; or pushing 

a wheelbarrow with a heavy load (about 100 lbs.) on a level surface. 

YES NO 
 

 
c. Heavy (above 350 kcal per hour) 

If “yes,” how long does this period last during the average shift:  hrs.  mins. 

 

  

Examples of heavy work are lifting a heavy load (about 50 lbs.) from the floor to your waist or shoulder; working 
on a loading dock; shoveling; standing while bricklaying or chipping castings; walking up an 8- degree grade 
about 2 mph; climbing stairs with a heavy load (about 50 lbs.). 

13. Will you be wearing protective clothing and/or equipment (other than the respirator) when 
you're using the respirator? 

If “yes,” describe this protective clothing and/or equipment: 

  

14. Will you be working under hot conditions (temperature exceeding 77 deg. F)?   

15. Will you be working under humid conditions?   
 

16. Describe the work you'll be doing while you're using your respirator(s): 

 

17. Describe any special or hazardous conditions you might encounter when 
you're using your respirator(s) (for example, confined spaces, life-
threatening gases): 

 

18. Provide the following information, if you know it, for each toxic 
substance that you'll be exposed to when you're using your 
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respirator(s): 

 

Name of first toxic substance: 

 

Estimated maximum exposure level per shift: 

 

Duration of exposure per shift: 

 

Name of second toxic substance: 

 

Estimated maximum exposure level per shift: 

 

Duration of exposure per shift: 

 

Name of third toxic substance: 

 

Estimated maximum exposure level per shift: 

 

Duration of exposure per shift: 

 

The name of any other toxic substances that you'll be exposed to while using your respirator: 

 

19. Describe any special responsibilities you'll have while using your 
respirator(s) that may affect the safety and well-being of others (for 
example, rescue, security): 
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Appendix C: Selected Fit Test Protocols, excerpted from OSHA-NIOSH Hospital 
Respiratory Protection Program Toolkit40 
[The protocols for qualitative fit testing with saccharin and Bitrex®, and the 
quantitative fit testing using the ambient aerosol condensation nuclei counter 
(CNC) protocol are included. Edit this section to include the specific fit test 
protocols from Appendix A of the OSHA standard that will be used at your 
facility.] 

 

Appendix A to Sec.1910.134: Fit Testing Procedures (Mandatory) 
 

 

Part I. OSHA-Accepted Fit Test Protocols 

 

A. Fit Testing Procedures--General Requirements. 

 

The employer shall conduct fit testing using the following procedures. The requirements in this 
appendix apply to all OSHA-accepted fit test methods, both QLFT and QNFT. 

 

1. The test subject shall be allowed to pick the most acceptable respirator from a sufficient 
number of respirator models and sizes so that the respirator is acceptable to, and correctly fits, 
the user. 

 

2. Prior to the selection process, the test subject shall be shown how to put on a respirator, how 
it should be positioned on the face, how to set strap tension and how to determine an 
acceptable fit. A mirror shall be available to assist the subject in evaluating the fit and 
positioning of the respirator. This instruction may not constitute the subject's formal training on 
respirator use, because it is only a review. 

 

3. The test subject shall be informed that he/she is being asked to select the respirator that 
provides the most acceptable fit. Each respirator represents a different size and shape, and if 
fitted and used properly, will provide adequate protection. 

 

4. The test subject shall be instructed to hold each chosen facepiece up to the face and eliminate 
those that obviously do not give an acceptable fit. 

 

5. The more acceptable facepieces are noted in case the one selected proves unacceptable; the 
most comfortable mask is donned and worn at least five minutes to assess comfort. Assistance 
in assessing comfort can be given by discussing the points in the following item A.6. If the test 
subject is not familiar with using a particular respirator, the test subject shall be directed to don 
the mask several times and to adjust the straps each time to become adept at setting proper 
tension on the straps. 

 

6. Assessment of comfort shall include a review of the following points with the test subject and 
allowing the test subject adequate time to determine the comfort of the respirator. 

http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9780


Page 64 of 98 
 

(a) Position of the mask on the nose 

 

(b) Room for eye protection 

 

(c) Room to talk 

 

(d) Position of mask on face and cheeks 

 

7. The following criteria shall be used to help determine the adequacy of the respirator fit: 

 

(a) Chin properly placed; 

(b) Adequate strap tension, not overly tightened; 

 

(c) Fit across nose bridge; 

 

(d) Respirator of proper size to span distance from nose to chin; 

 

(e) Tendency of respirator to slip; 

 

(f) Self-observation in mirror to evaluate fit and respirator position. 

 

8. The test subject shall conduct a user seal check, either the negative and positive pressure seal 
checks described in (Toolkit) Appendix B-1 or those recommended by the respirator manufacturer 
which provide equivalent protection to the procedures in (Toolkit) Appendix B-1. Before 
conducting the negative and positive pressure checks, the subject shall be told to seat the mask on 
the face by moving the head from side-to-side and up and down slowly while taking in a few slow 
deep breaths. Another facepiece shall be selected and retested if the test subject fails the user seal 
check tests. 

 

9. The test shall not be conducted if there is any hair growth between the skin and the facepiece 
sealing surface, such as stubble beard growth, beard, mustache or sideburns which cross the 
respirator sealing surface. Any type of apparel which interferes with a satisfactory fit shall be 
altered or removed. 

 

10. If a test subject exhibits difficulty in breathing during the tests, she or he shall be referred to 
a physician or other licensed health care professional, as appropriate, to determine whether the 
test subject can wear a respirator while performing her or his duties. 

 

11. If the employee finds the fit of the respirator unacceptable, the test subject shall be given the 
opportunity to select a different respirator and to be retested. 
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12. Exercise regimen. Prior to the commencement of the fit test, the test subject shall be given a 
description of the fit test and the test subject's responsibilities during the test procedure. The 
description of the process shall include a description of the test exercises that the subject will be 
performing. The respirator to be tested shall be worn for at least 5 minutes before the start of 
the fit test. 

 

13. The fit test shall be performed while the test subject is wearing any applicable safety 
equipment that may be worn during actual respirator use which would interfere with respirator 
fit. 

 

14. Test Exercises. 

 

(a) Employers must perform the following test exercises for all fit testing methods 
prescribed in this appendix, except for the CNP quantitative fit testing protocol and the CNP 
REDON quantitative fit testing protocol. For these two protocols, employers must ensure 
that the test subjects (i.e., employees) perform the exercise procedure specified in Part 
I.C.4(b) of this appendix for the CNP quantitative fit testing protocol, or the exercise 
procedure described in Part I.C.(b) of this appendix for the CNP REDON quantitative fit-
testing protocol. For the remaining fit testing methods, employers must ensure that 
employees perform the test exercises in the appropriate test environment in the following 
manner: 

 

(1) Normal breathing. In a normal standing position, without talking, the subject shall 
breathe normally. 

 

(2) Deep breathing. In a normal standing position, the subject shall breathe slowly and 
deeply, taking caution so as not to hyperventilate. 

 

(3) Turning head side to side. Standing in place, the subject shall slowly turn his/her 
head from side to side between the extreme positions on each side. The head shall be 
held at each extreme momentarily so the subject can inhale at each side. 

(4) Moving head up and down. Standing in place, the subject shall slowly move his/her 
head up and down. The subject shall be instructed to inhale in the up position (i.e., 
when looking toward the ceiling). 

 

(5) Talking. The subject shall talk out loud slowly and loud enough so as to be heard 
clearly by the test conductor. The subject can read from a prepared text such as the 
Rainbow Passage, count backward from 100, or recite a memorized poem or song. 

 

Rainbow Passage 

 

When the sunlight strikes raindrops in the air, they act like a prism and form a rainbow. The rainbow is 
a division of white light into many beautiful colors. These take the shape of a long round arch, with its 
path high above, and its two ends apparently beyond the horizon. There is, according to legend, a 
boiling pot of gold at one end. People look, but no one ever finds it. When a man looks for something 
beyond reach, his friends say he is looking for the pot of gold at the end of the rainbow. 
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(6) Grimace. The test subject shall grimace by smiling or frowning. (This applies only to 
QNFT testing; it is not performed for QLFT.) 

 

(7) Bending over. The test subject shall bend at the waist as if he/she were to touch 
his/her toes. Jogging in place shall be substituted for this exercise in those test 
environments such as shroud type QNFT or QLFT units that do not permit bending over 
at the waist. 

 

(8) Normal breathing. Same as exercise (1). 

 

(b) Each test exercise shall be performed for one minute except for the grimace exercise 
which shall be performed for 15 seconds. The test subject shall be questioned by the test 
conductor regarding the comfort of the respirator upon completion of the protocol. If it has 
become unacceptable, another model of respirator shall be tried. The respirator shall not be 
adjusted once the fit test exercises begin. Any adjustment voids the test, and the fit test 
must be repeated. 

 

B. Qualitative Fit Test (QLFT) Protocols 

 

1. General 

 

(a) The employer shall ensure that persons administering QLFT are able to prepare test 
solutions, calibrate equipment and perform tests properly, recognize invalid tests, and 
ensure that test equipment is in proper working order. 

 

(b) The employer shall ensure that QLFT equipment is kept clean and well maintained so as 
to operate within the parameters for which it was designed. 

 

2. Isomayl Acetate Protocol (omitted - rarely used) 

 

3. Irritant Smoke (omitted - rarely used) 

 

4. Saccharin Solution Aerosol Protocol 

 

The entire screening and testing procedure shall be explained to the test subject prior to conducting 
the screening test. 

 

(a) Taste threshold screening. The saccharin taste threshold screening, performed without 
wearing a respirator, is intended to determine whether the individual being tested can 
detect the taste of saccharin. 

(1) During threshold screening as well as during fit testing, subjects shall wear an 
enclosure about the head and shoulders that is approximately 12 inches in diameter by 
14 inches tall with at least the front portion clear and that allows free movements of 
the head when a respirator is worn. An enclosure substantially similar to the 3M hood 



Page 67 of 98 
assembly, parts # FT 14 and # FT 15 combined, is adequate. 

 

(2) The test enclosure shall have a 3/4-inch (1.9 cm) hole in front of the test subject's 
nose and mouth area to accommodate the nebulizer nozzle. 

 

(3) The test subject shall don the test enclosure. Throughout the threshold screening 
test, the test subject shall breathe through his/her slightly open mouth with tongue 
extended. The subject is instructed to report when he/she detects a sweet taste. 

 

(4) Using a DeVilbiss Model 40 Inhalation Medication Nebulizer or equivalent, the test 
conductor shall spray the threshold check solution into the enclosure. The nozzle is 
directed away from the nose and mouth of the person. This nebulizer shall be clearly 
marked to distinguish it from the fit test solution nebulizer. 

 

(5) The threshold check solution is prepared by dissolving 0.83 gram of sodium 
saccharin USP in 100 ml of warm water. It can be prepared by putting 1 ml of the fit test 
solution (see (b)(5) below) in 100 ml of distilled water. 

 

(6) To produce the aerosol, the nebulizer bulb is firmly squeezed so that it collapses 
completely, then released and allowed to fully expand. 

 

(7) Ten squeezes are repeated rapidly and then the test subject is asked whether the 
saccharin can be tasted. If the test subject reports tasting the sweet taste during the 
ten squeezes, the screening test is completed. The taste threshold is noted as ten 
regardless of the number of squeezes actually completed. 

 

(8) If the first response is negative, ten more squeezes are repeated rapidly and the test 
subject is again asked whether the saccharin is tasted. If the test subject reports tasting 
the sweet taste during the second ten squeezes, the screening test is completed. The 
taste threshold is noted as twenty regardless of the number of squeezes actually 
completed. 

 

(9) If the second response is negative, ten more squeezes are repeated rapidly and the 
test subject is again asked whether the saccharin is tasted. If the test subject reports 
tasting the sweet taste during the third set of ten squeezes, the screening test is 
completed. The taste threshold is noted as thirty regardless of the number of squeezes 
actually completed. 

 

(10) The test conductor will take note of the number of squeezes required to solicit a 
taste response. 

 

(11) If the saccharin is not tasted after 30 squeezes (step 10), the test subject is unable 
to taste saccharin and may not perform the saccharin fit test. 

 

Note to subsection 3. (a): If the test subject eats or drinks something sweet before the screening test, 
he/she may be unable to taste the weak saccharin solution. 
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(12) If a taste response is elicited, the test subject shall be asked to take note of the 
taste for reference in the fit test. 

 

(13) Correct use of the nebulizer means that approximately 1 ml of liquid is used at a 
time in the nebulizer body. 

 

(14) The nebulizer shall get thoroughly rinsed in water, shaken dry, and refilled at least 
each morning and afternoon or at least every four hours. 

(b) Saccharin solution aerosol fit test procedure. 

 

(1) The test subject may not eat, drink (except for plain water), smoke, or chew gum for 
15 minutes before the test. 

 

(2) The fit test uses the same enclosure described in 3.(a) above. 

 

(3) The test subject shall don the enclosure while wearing the respirator selected in 
section I.A. of this appendix. The respirator shall be properly adjusted and equipped 
with a particulate filter(s). 

 

(4) A second DeVilbiss Model 40 Inhalation Medication Nebulizer or equivalent is used 
to spray the fit test solution into the enclosure. This nebulizer shall be clearly marked to 
distinguish it from the screening test solution nebulizer. 

 

(5) The fit test solution is prepared by adding 83 grams of sodium saccharin to 100 ml of 
warm water. 

 

(6) As before, the test subject shall breathe through the slightly open mouth with 
tongue extended, and report if he/she tastes the sweet taste of saccharin. 

 

(7) The nebulizer is inserted into the hole in the front of the enclosure and an initial 
concentration of saccharin fit test solution is sprayed into the enclosure using the same 
number of squeezes (either 10, 20 or 30 squeezes) based on the number of squeezes 
required to elicit a taste response as noted during the screening test. A minimum of 10 
squeezes is required. 

 

(8) After generating the aerosol, the test subject shall be instructed to perform the 
exercises in section 

I.A.14. of this appendix. 

 

(9) Every 30 seconds the aerosol concentration shall be replenished using one half the 
original number of squeezes used initially (e.g., 5, 10, or 15). 

 

(10) The test subject shall indicate to the test conductor if at any time during the fit test 
the taste of saccharin is detected. If the test subject does not report tasting the 
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saccharin, the test is passed. 

 

(11) If the taste of saccharin is detected, the fit is deemed unsatisfactory and the test is 
failed. A different respirator shall be tried and the entire test procedure is repeated (taste 
threshold screening and fit testing). 

 

(12) Since the nebulizer has a tendency to clog during use, the test operator must make 
periodic checks of the nebulizer to ensure that it is not clogged. If clogging is found at the 
end of the test session, the test is invalid. 

 

5. Bitrex® (Denatonium Benzoate) Solution Aerosol Qualitative Fit Test Protocol. 

 

The Bitrex® (Denatonium benzoate) solution aerosol QLFT protocol uses the published saccharin test 
protocol because that protocol is widely accepted. Bitrex® is routinely used as a taste aversion agent in 
household liquids which children should not be drinking and is endorsed by the American Medical 
Association, the National Safety Council, and the American Association of Poison Control Centers. The 
entire screening and testing procedure shall be explained to the test subject prior to the conduct of 
the screening test. 

(a) Taste Threshold Screening. 

 

The Bitrex® taste threshold screening, performed without wearing a respirator, is intended to 
determine whether the individual being tested can detect the taste of Bitrex. 

 

(1) During threshold screening as well as during fit testing, subjects shall wear an 
enclosure about the head and shoulders that is approximately 12 inches (30.5 cm) in 
diameter by 14 inches (35.6 cm) tall. The front portion of the enclosure shall be clear 
from the respirator and allow free movement of the head when a respirator is worn. An 
enclosure substantially similar to the 3M hood assembly, parts #14 and #15 combined, 
is adequate. 

 

(2) The test enclosure shall have a 3/4 inch (1.9 cm) hole in front of the test subject's 
nose and mouth area to accommodate the nebulizer nozzle. 

 

(3) The test subject shall don the test enclosure. Throughout the threshold screening 
test, the test subject shall breathe through his or her slightly open mouth with tongue 
extended. The subject is instructed to report when he/she detects a bitter taste. 

 

(4) Using a DeVilbiss Model 40 Inhalation Medication Nebulizer or equivalent, the test 
conductor shall spray the Threshold Check Solution into the enclosure. This nebulizer 
shall be clearly marked to distinguish it from the fit test solution nebulizer. 

 

(5) The Threshold Check Solution is prepared by adding 13.5 milligrams of Bitrex® to 
100 ml of 5% salt (NaCl) solution in distilled water. 

 

(6) To produce the aerosol, the nebulizer bulb is firmly squeezed so that the bulb 
collapses completely, and is then released and allowed to fully expand. 
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(7) An initial ten squeezes are repeated rapidly and then the test subject is asked 
whether the Bitrex® can be tasted. If the test subject reports tasting the bitter taste 
during the ten squeezes, the screening test is completed. The taste threshold is noted 
as ten regardless of the number of squeezes actually completed. 

 

(8) If the first response is negative, ten more squeezes are repeated rapidly and the test 
subject is again asked whether the Bitrex® is tasted. If the test subject reports tasting 
the bitter taste during the second ten squeezes, the screening test is completed. The 
taste threshold is noted as twenty regardless of the number of squeezes actually 
completed. 

 

(9) If the second response is negative, ten more squeezes are repeated rapidly and the 
test subject is again asked whether the Bitrex® is tasted. If the test subject reports 
tasting the bitter taste during the third set of ten squeezes, the screening test is 
completed. The taste threshold is noted as thirty regardless of the number of squeezes 
actually completed. 

 

(10) The test conductor will take note of the number of squeezes required to solicit a taste 
response. 

 

(11) If the Bitrex® is not tasted after 30 squeezes (step 10), the test subject is unable to 
taste Bitrex® and may not perform the Bitrex® fit test. 

 

(12) If a taste response is elicited, the test subject shall be asked to take note of the 
taste for reference in the fit test. 

 

(13) Correct use of the nebulizer means that approximately 1 ml of liquid is used at a 
time in the nebulizer body. 

 

(14) The nebulizer shall be thoroughly rinsed in water, shaken to dry, and refilled at 
least each morning and afternoon or at least every four hours. 

(b) Bitrex® Solution Aerosol Fit Test Procedure. 

 

(1) The test subject may not eat, drink (except plain water), smoke, or chew gum for 15 
minutes before the test. 

 

(2) The fit test uses the same enclosure as that described in 4.(a) above. 

 

(3) The test subject shall don the enclosure while wearing the respirator selected 
according to section I.A. of this appendix. The respirator shall be properly adjusted and 
equipped with any type particulate filter(s). 

 

(4) A second DeVilbiss Model 40 Inhalation Medication Nebulizer or equivalent is used 
to spray the fit test solution into the enclosure. This nebulizer shall be clearly marked to 
distinguish it from the screening test solution nebulizer. 
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(5) The fit test solution is prepared by adding 337.5 mg of Bitrex® to 200 ml of a 5% salt 
(NaCl) solution in warm water. 

 

(6) As before, the test subject shall breathe through his or her slightly open mouth with 
tongue extended, and be instructed to report if he/she tastes the bitter taste of Bitrex. 

 

(7) The nebulizer is inserted into the hole in the front of the enclosure and an initial 
concentration of the fit test solution is sprayed into the enclosure using the same 
number of squeezes (either 10, 20 or 30 squeezes) based on the number of squeezes 
required to elicit a taste response as noted during the screening test. 

 

(8) After generating the aerosol, the test subject shall be instructed to perform the 
exercises in section 

I.A.14. of this appendix. 

 

(9) Every 30 seconds the aerosol concentration shall be replenished using one half the 
number of squeezes used initially (e.g., 5, 10 or 15). 

 

(10) The test subject shall indicate to the test conductor if at any time during the fit test 
the taste of Bitrex® is detected. If the test subject does not report tasting the Bitrex, the 
test is passed. 

 

(11) If the taste of Bitrex® is detected, the fit is deemed unsatisfactory and the test is 
failed. A different respirator shall be tried and the entire test procedure is repeated (taste 
threshold screening and fit testing). 

 

 

C. Quantitative Protocols (QNFT) 

1. General 

(a) The employer shall ensure that persons administering QNFT are able to calibrate 
equipment and perform tests properly, recognize invalid tests, calculate fit factors properly 
and ensure that test equipment is in proper working order. 

(b) The employer shall ensure that QNFT equipment is kept clean, and is maintained and 
calibrated according to the manufacturer’s instructions so as to operate at the parameters 
for which it was designed. 

 

2. Generated Aerosol Quantitative Fit Testing Protocol (omitted-not used) 

 

3. Ambient Aerosol Condensation Nuclei Counter (CNC) Quantitative Fit Testing Protocol 

 
(a) Portacount Fit Test Requirements. 

(1) Check the respirator to make sure the sampling probe and line are properly attached to 
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the facepiece and that the respirator is fitted with a particulate filter capable of preventing 
significant penetration by the ambient particles used for the fit test (e.g., NIOSH 42 CFR 84 
series 100, series 99, or series 95 particulate filter) as per the manufacturer's instruction. 

(2) Instruct the person to be tested to don the respirator for five minutes before the fit test 
starts. This purges the ambient particles trapped inside the respirator and permits the 
wearer to make certain the respirator is comfortable. This individual shall already have 
been trained on how to wear the respirator properly. 

(3) Check the following conditions for the adequacy of the respirator fit: Chin properly 
placed; Adequate strap tension, not overly tightened; Fit across nose bridge; Respirator of 
proper size to span distance from nose to chin; Tendency of the respirator to slip; Self-
observation in a mirror to evaluate fit and respirator position. 

(4) Have the person wearing the respirator do a user seal check. If leakage is detected, 
determine the cause. If leakage is from a poorly fitting facepiece, try another size of the 
same model respirator, or another model of respirator. 

(5) Follow the manufacturer's instructions for operating the Portacount and proceed with 
the test. 

(6) The test subject shall be instructed to perform the exercises in section I. A. 14. of this 
appendix. 

(7) After the test exercises, the test subject shall be questioned by the test conductor 
regarding the comfort of the respirator upon completion of the protocol. If it has become 
unacceptable, another model of respirator shall be tried. 

 

(b) Portacount Test Instrument. 

(1) The Portacount will automatically stop and calculate the overall fit factor for the 
entire set of exercises. The overall fit factor is what counts. The Pass or Fail message will 
indicate whether or not the test was successful. If the test was a Pass, the fit test is over. 

(2) Since the pass or fail criterion of the Portacount is user programmable, the test 
operator shall ensure that the pass or fail criterion meet the requirements for minimum 
respirator performance in this Appendix. 

(3) A record of the test needs to be kept on file, assuming the fit test was successful. The 
record must contain the test subject's name; overall fit factor; make, model, style, and size of 
respirator used; and date tested. 

 

4. Controlled Negative Pressure (CNP) Quantitative Fit Test Protocol - (omitted - not used) 

 
5. Controlled Negative Pressure (CNP) REDON Quantitative Fit Testing Protocol - (omitted - 

not used)  
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Appendix D.  Tug Test 
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Appendix E. Unit Signage 

ELASTOMERIC PREPARATION CHECKLIST 
ENHANCED RESPIRATORY PRECAUTIONS PPE 

(Cold Zone) 
 

 Hydrate / Snack as needed. 
 Gather necessary supplies / Restocking Supplies. (Check each supply) 

o Yellow isolation gown 
o Long cuffed gloves 
o Correct size Elastomeric 

 (must be fit tested) 
o Welder face shield or surgical mask w/ face shield 

 or goggles 
o Bouffant cap 

 Secure hair (as needed). 
 Secure glasses (if needed). 
 Use the restroom. 

 Remove! 
• All Jewelry / Rings 

(small earrings okay) 

• Watch 
• ID Badge 
• Ensure nothing in 

pockets 
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ELASTOMERIC DONNING PROCEDURE 
ENHANCED RESPIRATORY PRECAUTIONS PPE 

(Cold Zone) 
 

 Remove all jewelry, rings, watch, ID badge. 
Ensure nothing in pockets! (small earrings okay) 

 Perform hand hygiene with alcohol-based 
hand sanitizer. 

 Don yellow isolation gown and tie at waist. 
 Inspect Elastomeric for integrity. 
 Pull the head harness over the crown of your 

head. 
 Situate mask appropriately over nose and 

mouth, then connect bottom straps behind 
your neck. 

 Perform positive pressure seal check by 
covering the exhalation opening at the 
bottom of your mask and blowing. Mask 
should bulge slightly from face. 

 Perform a negative pressure seal check by 
gently squeezing the filter cartridges and 
inhaling. Mask should suck tight to your face 
 IF YOU CANNOT ACHIEVE A PROPER FIT, 
 YOU MUST USE A PAPR. 

 Place bouffant cap on head to cover all 

hair and Elastomeric straps. 
 Don welder face shield around forehead so 

that entire face is covered or don surgical 
mask w/ face shield or goggles. 

 Perform hand hygiene with alcohol-based 
hand sanitizer. 

 Don one pair of long cuff chemo gloves 
ensuring cuffs of gloves are over yellow 
gown cuffs. 

 Script Reader inspects PPE for any 
compromises. (Lift arms and turn.) 

 Note time in PPE. 
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ELASTOMERIC DOFFING PROCEDURE 
ENHANCED RESPIRATORY PRECAUTIONS PPE 

(Warm Zone) 
 

 Exit patient room into doffing area. 
 Clean gloves with alcohol-based hand sanitizer. 
 Break waistband of yellow gown, then cross arms 

to grasp the yellow gown at opposite shoulders. 
 Pull away to break ties, then remove entire gown 

by rolling down and away from body into a bundle. 
Remove gloves as you are bundling gown and 
discard. If gloves are not removed, clean gloves 
with alcohol-based hand sanitizer before 
removing. 

 Perform hand hygiene with alcohol-based hand 
sanitizer. 

 Open door and exit doffing area into corridor 
wearing Elastomeric. 

 Perform hand hygiene with alcohol-based hand 
sanitizer. 

 Don a clean set of standard gloves. 
 Remove eye protection using one of the following: 
 Surgical mask by grasping both ear loops and 

pulling away from your body. Surgical mask 
may be discarded. 

OR 
 
 Welder face shield by grasping bottom 

of shield and lifting up and away from 
your body. (bouffant cap may fall off). 

DO NOT DISCARD FACESHIELD. Place in 
designated cleaning area. 

 OR 
 Goggles by grasping sides and pulling away 

from face. Place in designated cleaning area. 
 If bouffant cap is still on, grasp and remove. 

Discard. 
 Clean gloves with alcohol-based hand sanitizer. 
 Remove Elastomeric by unclipping straps behind 

neck and lifting up and over your head. 
 Clean both welder face shield and Elastomeric with 

hospital approved disinfectant wipes. 
 Clean gloves with alcohol-based hand sanitizer and 

remove. 
 Perform hand hygiene with alcohol-based hand 

sanitizer. 
 Note time out of PPE. 
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Appendix F.  Donning and Doffing the 3M 7500 Series EHMR with 3M P100 
7093 filter cartridges 

Donning 
1. Check inside for 1-way valves (figure 5). 

a. If they are loose from the cleaning process, plug them back into the 
inhalation port.  If they fall onto the floor, clean prior to re-installing. 

b. Bring back and notify check-in staff if they are missing. 
2. Perform a “Tug test” to check if the front plastic head harness assembly is 

loose. 
a. This snaps back into place using your hands to press the inside 

and outside back together until it clicks.  (Appendix D) 
3. Participants need to be able to remove and replace the filter cartridges. 

a. Show participants how to twist off filter cartridges. 
b. Point out the diagonal plastic line on the cartridge and the plastic 

arrow on the mask to line the two pieces up. 
c. Explain when the cartridge would need to be replaced if: 

i. Cracked or damaged casing, visibly damaged filter, visibly 
soiled filter, wet filter, difficult to breathe through the filter. 

4. Show the harness and head strap. 
a. The adjustable portion with the tabs should be facing the front. 
b. Have participants check for twists in the head straps and untwist as 

needed. 
c. Have participants even the length of the head straps by loosening 

them.  The easiest way to do so is to push the back of the plastic 
buckle out and away from the mask while pulling the strap. 

d. Show participants where in the middle of the head it is to be placed. 
5. Adjust position of the face piece. 

a. Should fit onto the face like a bag valve mask of a CPAP face 
mask. 

6. Demonstrate how the neck strap is secured. 
a. The plastic loop goes on top of the plastic hook; it does not thread 

through the loop. 
b. This strap should be secured around the back of the neck below 

the hairline. 
7. Tighten all straps to keep snug.  This is like a pair of goggles; it should be 

snug but not excessively tight.  Do not overtighten as this may cause 
pressure injuries.  The mask should only be as tight as necessary to hold 
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the mask to one’s face.  If lines or creases are on the face from the mask, 
it is too tight. 

8. Check that each participant can have a negative and positive seal and 
check the mask. 

a. Have participants lay hands flat against the cartridges and grip the 
underneath with their fingers.   

i. They should squeeze the cartridge tight by squeezing their 
fingers into their palms while holding the cartridge and 
breath in. The mask should not be displaced while 
squeezing the cartridges. 

1. They should feel the silicon face piece sucking into 
their face. 

b. Have participants block the exhalation port with their palm. 
i. Without displacing the mask on the face, block the port and 

exhale against it normally. 
1. The participant should feel the silicone face piece 

puffing out against their face. 
c.  NOTE:  If using filter cartridges that are exposed, they need to 

cover the filter portion instead of completing step a. 
Doffing 

1. Prepare a doffing station where the contaminated respirator can be placed 
onto a clean surface, like a chux.  Assure that new, clean gloves are 
available, disinfectant wipes, and alcohol hand gel. 

2. Don a pair of clean gloves. 
3. Unhook the neck strap. 
4. Place a hand on the mask and a hand on the head straps. 
5. Pull mask and head straps out and away from the face and body and place 

onto doffing station. 
6. Decontaminate gloves using alcohol hand gel. 
7. Clean mask with wipes provided in the participant’s department and then set 

onto the clean surface to allow adequate contact time of the disinfectant. 
a. They will clean the inside and outside of the mask, the straps, and the 

outside of the cartridges.  If using cartridges that have exposed 
filters/fabrics, you cannot get the filter portion itself wet! 

8. Remove gloves and wash hands. 
9. Take a wet paper towel and wipe the surface of the mask in contact with the 

face to remove any disinfectant residue. 
10. Once the mask is dry, it may be placed back into a storage container. 
11. The respirator will be sanitized by Central Processing between shifts. 



Page 79 of 98 

 

 

Appendix G.  Checklist for Re-using Reusable Elastomeric Respirator  
• After fit testing, obtain Elastomeric Respirator from Respiratory PPE Distribution Center 

(Trauma Simulation Center, T1S34) prior to your shift between 6AM-8AM or 6PM-8PM. 
• Before wearing an elastomeric, visually inspect for any contamination; do not use the device 

if visibly contaminated. Notify the manager of respiratory protection program for appropriate 
cleaning and disinfection. 

• Donning 
o Perform hand hygiene  
o Pull the head harness over the crown of your head.  Connect the bottom straps 

behind your neck 
o Perform a seal check every time you don the mask 
o Positive pressure seal check:  Cover the exhalation opening at the bottom of your 

mask and blow out. The mask should bulge slightly from your face.  
o Negative pressure seal check:  gently squeeze the filter cartridges and inhale. The 

mask should suck tight to your face. 
o If necessary, readjust your mask and try again.  
o Do NOT proceed without passing both seal checks 
o Don your gown 
o Don face shield  
o Perform hand hygiene.  
o Don gloves  

• Doffing 
o While in the patient’s room, ONLY remove gloves and gown prior to leaving.  
o Perform hand hygiene.  
o After exiting patient’s room, remove the mask with face shield (barrier) and discard.  

The front is contaminated, so remove by holding by the ear loops. 
 If wearing reusable eye goggles or full-face shield 

• Perform hand hygiene before removing goggles or full-face shield 
• Remove goggles or full-face shield 

o After completing all doffing steps, disinfect and store goggles 
or full-face shield for reuse. 

o Remove the elastomeric respirator and perform hand hygiene.  
o Clean per instructions below and store.  

Decontamination of reusable elastomeric respirators after leaving patient room: 
Wearing clean gloves, obtain 4 wipes of the Oxivir or Dispatch: 

1. Wipe the outer surface of the facemask with one wipe (1st) 
2. Wipe the inner surface of the facemask with a new wipe (2nd) 
3. Wipe filters with a new wipe (3rd) 
4. Wipe strap and harness with new wipe (4th) 
5. Allow to air dry for 2 minutes.  
6. Remove any cleaning agent residue with a towel or towelette wetted with water 

or saline 
7. Let air dry 

RETURN ALL ELASTOMERIC MASKS TO RESPIRATORY PPE DISTRIBUTION CENTER FOR 
DISINFECTION (Trauma Simulation Center, T1S37) following your shift between 6AM-8AM or 
6PM-8PM
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Appendix H. Qualitative Respirator Fit Testing Form 
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Appendix I.  Standard Work for Reprocessing Elastomeric Half Respirators51  
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Appendix J. Outpatient Practice Decontamination Protocol for Reusable 
Elastomeric Respirators 
This protocol should be followed at the end of each work shift to decontaminate any 
reusable elastomeric respirators used during the shift. 
 
If time permits, clean with protocol below in between patients; otherwise follow the quick 
decontamination protocol using disinfectant wipes to clean respirators between patients. 

 
• Equipment necessary 

 1 pair nitrile gloves, 1 mask with eye shield, and 1 liquid resistant 
gown 

 1 bottle of mild dishwashing liquid such as dawn 
 1 soft bristle brush 
 1 plastic medication cups of other graduated container to measure 

ml and/or ounces 
 1 2-gallon bucket 
 2 chux pads 
 Hospital air and hose if available, or clean soft cloth 

• TO CLEAN RESPIRATOR AT THE END OF THE DAY, FOLLOW THESE 
STEPS: 

 Place unopened bag containing the disinfected respirator mask 
near sink by instructions 

 On the other side of the sink, place opened Chux pad . Place the 
second opened Chux by the clean bin. 

 Fill bucket with 1 gallon (4 quarts) of comfortably warm (not hot) 
water. 

 Perform hand hygiene and then don protective equipment— 
gloves, gown, and mask with eye shield 

 Pour 15 ccs (1/2 oz.) of DISHWASHING LIQUID in the bucket of 
warm water. 

 Open biohazard bag, remove respirator and place it on the top of the 
bag. 

 Remove the filters by unscrewing or turning them to the left. 
 Wipe the filters with disinfectant wipes and place them in the 

clean bin/clean chux. 
 Without removing the straps, immerse the mask in the soapy 

water. 
 Clean mask with the brush and soapy water-gently on the inside of 

the mask to avoid damaging the valves. Then rinse them well in 
running water. 

 Rinse mask in running water and place them on the second Chux. 
 Wipe faucet handles with chemical wipes 
 Discard gloves and perform hand hygiene 
 Dry mask and splashguards with hospital air hose if available; if 

not available, dry with clean cloth or allow to air dry. 
 When dry, reassemble mask and filter cartridges 

Protocol based on Bessesen et al, AJIC, 201511.   
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Appendix K. Role: PPE Point Person 
Primary Functions 

• Oversight of the Fit Test equipment 
• Oversight of the Equipment check-in/out station 
• Check In/Out- including Versiflow devices 
• Ensure Fit testing rooms are adequately stocked 
• Cleaning and repacking Versiflow device bags 
• Provide user education hand-outs 

Top 5 Frequently Asked Questions/Response  
1. What equipment is required for specific roles (see attachment) 
2. Unit requests for Versiflow devices 

• If unit has PUI or positive COVID patients 
• Unit requests for aerosol producing procedure of Versiflow devices 

Shift Hand-off Communication 
• Any new questions, with answers. 
• Units that have taken Versiflow for procedures pick-up and drop-off. 

Essential Supplies 
• Please see attached list of supplies 
• Education Hand-outs 

 
• Setup computer stations. Each station needs to be logged on and MUST use 

Google Chrome for the program to work.  
o It works best to have 1 window open for pick-up and 1 window for 

return, can make them side by side to decrease confusion 
• Tape marks should be on floor ~6’ from the person sitting at the computer, and 

spaced out as much as possible between the stations.  
• Between each 2 stations setup bedside table and following supplies: stack of 

each of the 4 handouts (PAPR, elastomeric, N95 disposable, Rapid guidelines), 
box of welder mask face shields, box of PAPR hoods, brown paper bags.  

 
When someone is not in the system ensure that their badge is not expired, 

which would require them to get a new badge. In the meantime, you can write down 
their name, badge number or employee ID number, phone number and item being 
picked up. If they also return that item that should be noted.  

If someone wants to check out a Versaflow system: You must give them a 
battery when they take a unit, the batteries are being kept on chargers at all times.  

• Check out for new PUI or pt: BCU should have their own units. If signing out a 
new unit, needs to be signed out by someone specific and noted under the 
PPE equipment in the system. They get a battery charger if taking for a new 
patient.  

• Checkout for a procedure. Check out in the computer, but also write down 
what unit took how many units. When they are returned, they will get checked 
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back in but can also be crossed off list. This will help ensure we get units 
back, as there are limited numbers. They do NOT get a battery charge if 
taking for a procedure.  

• When a Versaflow system comes back, employee can keep their PAPR hood. 
The unit can be wiped down with disinfecting wipes (be sure to wring out 
extra liquid, we CANNOT saturate the machine). Battery, PAPR unit, hose, 
flow meter and sign need to be wiped down. Once dry can be repacked into 
clear plastic bag. Bag should be loaded with PAPR unit, hose, flow meter, 
sign, PAPR hood. The battery should remain out of bag and be kept on 
charger.  

• VERSAFLOWS are NOT being given out for unit training.  
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Appendix L.  Role: Pick up and Return of Respiratory PPE 
Primary Functions 

● Check In/Out employees with appropriate respiratory PPE 
● Log the staff fit testing results  

Respiratory PPE Includes:  
● Disposable N95s (1860 series, Kimberly Clark Duckbill, & Alpha Pro Tech) 
● Reusable Elastic Metric Masks 
● PARR Hoods (Versaflo & Airmate) 
● PAPR Machines (Versaflo & Airmate) 

Top 5 Frequently Asked Questions/Response  
1. Do I keep the PPE?  

a. Elastic metric, and PAPR hoods are returned at the end of each 
shift. 

b. All other equipment is issued for personal use 
2. Where do I go to check in/out elastic metric? 

a. W1L204, otherwise known as Weinberg Learning Center Room 6  
3. Do I get a PAPR?  

a. Refer to PAPR Distribution Sheet 
4. Can I pick up equipment for someone else? 

a. No- each individual staff member must obtain their own equipment 
5. Can I have a different style N95 or mask 

a. No- Each style/size require an individual fit test 
Essential Supplies 

● Computers- with Google Chrome 
● Paper Bags 
● Hampers for return of: 

o Soiled PAPR hoods and elastomeric masks 
o Soiled “un-used” elastomeric masks that can be cleaned and re-

distributed without processing by Central Scopes Processing 
● Storage Racks/Bins for inventory of each type of available respiratory PPE 

 
Instructions for Distribution 

People will come from the FIT testing room with their reusable N95 
(elastomeric) or ‘disposable’ N95.  

They will be provided with the Educational Handouts for each type of 
respiratory protection during fit testing. 

No one can pick up materials or equipment for anyone else.  
Verify the last four digits of an individual’s phone number when they pick up 

an item. 
● It is integral the phone number is accurate so we can follow up with 

individuals that do not return equipment 
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For ‘disposable’ N95:   
Use the “Pick-up” screen in PPEhub.com to log which N95 style/size the 

individual passed fit testing with. 
The N95 gets placed in a brown bag and should be stored there when not in 

use.  
Kimberly Clark Duckbill & Alpha Pro-Tech Masks are single use and therefore 

staff are provided 3 each Pick-up encounter 
1860 style masks- Are used unless they become visibly soiled, torn, or loses 

elasticity or shape. If any of those conditions occur staff will be issued a new N95.  
● 1860 masks can be returned for decontamination, up to 10 times. See N95 

Decontamination Information. 
 

Reusable/elastomeric mask:  
Enter under the “pick up” screen in PPEHub.com. If they do not need to keep 

the mask this shift, then you can enter them back under the “return” screen and they 
can drop it in the soiled mask bin. 

If they are taking it with them this shift they are instructed to return the mask 
at the end of their shift. They MUST be picked up and returned each shift.  

Elastomeric masks are being cleaned utilizing a high level disinfectant by 
Central Sterile Processing between uses.  

If masks are found to be missing pieces or damaged they are returned to 
Central Sterile Processing and utilized for parts 

If the distribution center run out of elastomeric masks-  
● Please check if there are any in boxes on the selves that can be put together 

(they need filters) 
● Offer a disposable, if the individual has been fitted for one 
● Offer a PAPR machine  
● Call CSP and alert them what size we are out of and determine when they 

may have a clean batch available. If staff would like to return we can give 
them an estimated time. 
PAPR Hoods: 
Enter under the “pick-up” in PPEhub.com. 
Are to be picked up and returned each shift and are decontaminated utilizing 

the vaporized hydrogen peroxide (V-Pro) technology in Central Scopes Processing 
If a hood is returned damaged it can be discarded 
PAPR Machines: 
Are to be distributed based on the PAPR Distribution Sheet recommendations 
Need to be picked up/returned each shift is being used by an individual or 

when the patient discharges for unit use with a patient on Airborne precautions. 
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Airmate Machines: 
● Are plugged into a charging station when not in use 
● Testers are stored near the machines 

○ If the unit is provided the machines for a patient on precautions they 
are provided a tester 

○ If an individual is picking up the machine for use that day the test is 
performed prior to the device being provided 

Versaflo Machines: 
● Once cleaned and dried the following components are package for 

redistribution 
○ An instruction sheet on proper use 
○ 1 Machine 
○ 1 Tester 
○ 1 hose 

● The battery is placed on a charger and then distributed with the packet upon 
pick up 
 
The hoses are interchangeable between machines, but the hoods are specific 

to the type of hose. 
When accepting returned equipment verify that all of the pieces have been 

returned 
Returned equipment is cleaned utilizing disinfectant wipes and stored in the 

distribution center or hospital Equipment Distribution between uses. 
If PAPR machines, chargers and hoses require servicing  

● Use a red tag to report the problem before placing it in the broken bin behind 
the PAPR table 

● A work order is requested via the “I Need It” System  
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Appendix M.  Information Sheet: Use of a Shared Pool of Elastomeric Respirators 
Rationale: UMMC has used elastomeric half-face respirators since the 2009 H1N1 influenza 

outbreak and has been a leader in healthcare respiratory protection. These respirators are part of the 
surge plan for use during the COVID-19 response.   

Previously, elastomeric respirators were assigned and distributed to individuals, with the 
expectation that they store, clean and disinfect their own respirators. Research showed that 
healthcare workers (HCWs) had difficulty keeping them available when needed and did not always 
wipe down their respirators with a disinfectant wipe after each use.  

HCWs who have been fit-tested and trained in use of an elastomeric respirator know the size 
and model they are to use. The filters are not specific to an individual, nor is an individual mask. It is 
mask fit that is important.     

UMMC possesses a limited number of these respirators. If distributed only to single 
individuals, there are times when that respirator is not being used, e.g. when the HCW isn’t at work. 
To maximize the number of HCWs who could use a respirator, it is acceptable to use a shared 
pool of respirators, provided the respirators have been cleaned and disinfected. This is 
commonly done in general industry, at nuclear sites and in the fire service1,2. 

The OSHA Respiratory Protection Standard, 1910.134 states that respirators must be 
cleaned and disinfected after use and The National Academies of Science has endorsed using 
dedicated staff for this purpose in healthcare during pandemics. 

How do I know that sharing respirators after centralized cleaning and disinfection is 
safe? 

The removal of 3 types of contaminants should be assured to allow shared use: microbial 
contaminants, soil and dirt, and exhaled breath contaminants. Studies have shown that proper 
cleaning and disinfection can effectively remove these all 3 types of contaminants between different 
users1,3,4,5.These studies showed influenza virus removal to undetectable levels of infectious virus. 

 
 
What about shared filter cartridges?   
While it is possible that a virus may stay alive on a filter for some time, previous research has 

shown that viral particles remain trapped in the filter media6. Filter cartridges which hold the filter 
media can be cleaned and disinfected with wipes repeatedly and the filters can still reliably perform 
as expected5.   

How is the Influenza data regarding cleaning and disinfection translatable to SARS-
CoV-2 and COVID-19? 

Various disinfectants have EPA-certified “kill” claims against SARS-CoV-2, the cause of 
COVID-19. These can be used on elastomeric respirators. Research has shown that bleach, a 
relatively harsh chemical, can be applied to respirators at least 150 times and not affect durability or 
protectiveness of the respirator5! Other studies show superior viral elimination with an added soap 
and water step7. 
  

                                            
1

 National Academies of Sciences Engineering, Medicine. Reusable elastomeric respirators in health care: considerations for routine and surge use [Internet]. Washington, DC: The National Academies Press; 2018. Available from: 
https://doi.org/10.17226/25275 

2
 National Fire Protection Association.  Standard on Selection, Care, and Maintenance of Protective Ensembles for Structural Fire Fighting and Proximity Fire Fighting. NFPA 1851 2020 

3
 Subhash SS, Cavaiuolo M, Jr LJR, Eagan A, Lee ML, Campbell S, et al. Effectiveness of common healthcare disinfectants against H1N1 influenza virus on reusable elastomeric respirators. Infect Control Hosp Epidemiol. 2014 

Jul;35(7):894–7.  

4
 Lawrence C, Harnish DA, Sandoval-Powers M, Mills D, Bergman M, Heimbuch BK. Assessment of half-mask elastomeric respirator and powered air-purifying respirator reprocessing for an influenza pandemic. Am J Infect Control. 

2017 Dec;45(12):1324–30.  

5
 Applied Research Associates.  Contract number : HHSF223201400158C Title : Research to Mitigate a Shortage of Respiratory Protection Devices During Public Health Emergencies, 2019. 

6
 Gardner PD, Eshbaugh JP, Harpest SD, Richardson AW, Hofacre KC. Viable viral efficiency of N95 and P100 respirator filters at constant and cyclic flow. J Occup Environ Hyg. 2013;10(10):564–72. 

7
 Hines SE, Tai S, German J, Chen H, Madden M, Lulaj E, et al. Halo Respirator Assessment of Reprocessing and Cleaning (ARC). 2020; publication pending. 
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Appendix N.  Prevention of Pressure Injuries Associated with Respirators 
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