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Abstract

The nationwide opioid crisis continues to affect not only people who use opioids but also
communities at large by increasing the risk of accidental occupational exposure to illicit

opioids. In addition, the emergence of highly potent synthetic opioids such as fentanyl and
carfentanil increases the need to protect workers who may encounter unknown drug substances
during job activities. To support the National Institute for Occupational Safety and Health
Opioids Research Gaps Working Group, we examined the state of the literature concerning
methods to protect workers against accidental occupational exposure to illicit opioids, and

have identified unmet research needs concerning personal protective equipment, decontamination
methods, and engineering controls. Additional studies are needed to overcome gaps in technical
knowledge about personal protective equipment, decontamination, and control methods, and gaps
in understanding how these measures are utilized by workers. Increasing our knowledge of how to
protect against exposure to illicit opioids has the potential to improve occupational health across
communities.
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Introduction

The nationwide opioid crisis continues to affect not only people who use opioids but also
their communities at large by potentially increasing the risk of accidental occupational
exposure to illicit opioids. First responders, educational staff, hotel staff, airline flight
crews, public transit workers, librarians, food service workers, and others may be at risk
for encountering opioids and adverse health effects from suspected occupational exposures
to illicit opioids and one study found that people in some of these occupations encounter
opioids and drug paraphernalia at their place of work.12 In addition, the emergence of
highly potent synthetic opioids other than methadone such as fentanyl and its various
analogs (“fentanyls”) and carfentanil increases the need to protect workers, such as first
responders, who may encounter unknown drug substances in the course of their routine

job activities.3 However, misconceptions and disagreements about the risk of occupational
exposure and the correct protection methods abound. To address this issue, the National
Institute for Occupational Safety and Health (NIOSH) Opioids Research Gaps Working
Group seeks to identify areas of research that require further development to help confront
the nation’s opioid crisis. To support the Working Group, we have examined the state of the
literature concerning methods to protect workers against accidental occupational exposure
to illicit opioids, including personal protective equipment (PPE), decontamination methods,
and engineering controls, with the goal of identifying unmet research needs that, when
addressed, may greatly increase occupational health and safety among those at risk.

Approach—Literature Search and Triage

The foundation of our effort to determine research gaps was an extensive literature

search for studies published in the last ten years relating to protection from occupational
exposure to illicit opioids. Search terms were crafted to target publications relating to PPE,
decontamination methods, and engineering controls for illicit opioids. We searched the
following databases on 20 February 2020 for the terms related to exposure or monitoring,
workers, and opioids including their synonyms, in the title, abstract, keywords, or subject
headings: Medline (Ovid), Embase (Ovid), CAB Abstracts (Ovid), Global Health (Ovid),
Psyclnfo (Ovid), Scopus, the Cochrane Library, Academic Search Complete (Ebsco),
CINAHL (Ebsco), ProQuest Central, PubMed Central, ToxNet, Safety Lit, the Homeland
Security Digital Library, CDC Stacks, Micromedex, as well as gray literature sources. These
searches were limited to those studies published in English from 2010-2020. The search
of the literature published in the last ten years returned more than 5500 publications, the
majority of which were rejected on title or abstract review because they pertain to the use
of opioids for pain management, opioid use and use disorder in the general population, or
reversal of an opioid overdose, leaving less than fifteen relevant articles. Given the lack of
results in our peer-reviewed literature search, targeted searches and gray literature sources
(those sources outside academic journals such as government, academic, and industry
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publications) were utilized to identify supporting information. We focused our searches

on non-healthcare-related occupations and found that the majority of results were related to
occupational exposure of first responders. First responders serve important public health and
safety functions and their job tasks put them at increased risk of experiencing occupational
exposure to illicit drugs, and therefore appear to be the target of a greater amount of research
than other occupations. This focus on first responders is reflected in our discussion of the
research results, but the knowledge and research gaps concerning protection from opioid
exposure discussed below are relevant to any person who may encounter opioids on the job.

Personal Protective Equipment

PPE efficacy—Peer-reviewed and gray literature.—During the defined time frame
(2010 to February 2020) of the literature search, we found six publications concerning the
use of PPE to reduce occupational exposure to illicit opioids. These six publications did

not include any peer-reviewed studies examining the efficacy of PPE against illicit opioids,?
and indeed this lack of knowledge and data about opioids and PPE has been recognized
elsewhere.3-> Much of the discussion of PPE is limited to expert commentaries and opinion
pieces discussing the current recommendations or the need for PPE more generally (e.g.,
commentary by Howard and Hornsby-Meyers in American Journal of Industrial Medicine®;
special contribution paper by Lynch et al. in Prefiospital Emergency Care ®; brief review by
Leen and Juurlink in Journal of Anesthesia’). In the absence of empirical research, targeted
searches were performed to identify studies that support the efficacy of PPE against illicit
opioids and the protective value of PPE outside the workplace. In addition, targeted searches
identified official recommendations and guidelines issued by a variety of government and
professional organizations concerned with work force protection, including:

. National Institute for Occupational Safety and Health (NIOSH)8
. U.S. Department of Justice Drug Enforcement Administration (DEA)°

. American College of Medical Toxicology and the American Academy of
Clinical Toxicology (ACMT/AACT)10

. InterAgency Board for Emergency Preparedness and Response (IAB)11

The PPE recommended by these organizations is summarized in Table 1, followed by a
discussion of the current guidelines and evidence concerning the use of PPE.

Respirators.—Inhalation of aerosolized opioids is considered a primary occupational
exposure route of concern.!® Illicit opioids present on the street may be in powder form,
meaning aerosolized opioid powder may be present at a response scene or may be created
through response activities, such as handling powders or disturbing surfaces, which may
lead to re-aerosilization.%:12 Airborne particles in the respirable range of less than 10 pm

a.An additional article was published after our initial literature search and therefore not included in the count of peer-reviewed
literature. The draft manuscript was kindly provided by the authors.
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in diameter can then be inhaled, though it is uncertain what level of inhalational exposure
results in opioid intoxication and how fine drug powders encountered on the street may be.®

All of the recommendations identified include some form of respiratory protection based
on perceived risk level. For routine activities with opioid indicators (such as pills or
paraphernalia), or after observing the presence of any unknown powder, NIOSH and The
IAB recommend, at a minimum, donning a N100, P100, or R100¢ filtering facepiece
respirator (FFR).8:11 The ACMT/AACT recommends that responders wear a properly fitted
N95 or P100 respirator, while the DEA recommends an N95 FFR.9:10

For nonroutine activities where the risk of exposure is moderate, such as in scenes
potentially containing large volume storage or distribution, re-aerosolization of opioid
powders in containers is an increased concern.® As a result, respiratory protection for
responders is recommended by NIOSH and the IAB to be at least a P100 FFR (with
nonvented or indirect vented goggles for eye protection), an elastomeric half mask air-
purifying respirator (APR) with P100 filters, or a full facepiece APR with P100 filters.8-11
For events with high risk of exposure, such as responses to scenes in opioid milling labs,
NIOSH, the IAB, and the DEA recommend that responders should, at the minimum, wear
a full facepiece APR with P100 filters, a powered APR (PAPR) with a high-efficiency
particulate air (HEPA\) filter, or a self-contained breathing apparatus.82:11 In addition, half-
facepiece and full-facepiece respirators prevent mucosal exposure as well as inhalation
exposure by preventing substances from entering the nose or mouth directly or, for full
facepieces, through inadvertent touching of the face with contaminated hands or gloves.
Opioids can be efficiently absorbed through mucous membranes of the nose and mouth, so
respirators covering the face are an effective barrier to this type of exposure.6:13

As noted earlier, there are no publicly available empirical studies directly examining the
efficacy of respirators against various forms of opioids. However, based on the anticipated
particle size of opioids and the filtration protection offered by NIOSH-approved N/R/P100
particulate filter media NIOSH reported that empirical studies were not critical to show
that fentanyl powders would be adequately filtered.9 NIOSH uses a worst-case penetrating
aerosol size of 0.1 to 0.3 um (i.e., an aerosol size that produces maximum filter penetration)
in which the filters must not allow more than 5%, 1%, or 0.03% of particles through the
filter for 95, 99, or 100-level of protection.14 Particulate removal by the filter occurs through
several filtration mechanisms.1® In addition, there were nonpublicly available empirical
studies that support NIOSH’s recommendations developed for respiratory protection for
opioids. In 2020, NIOSH published a study detailing the findings of a hazard assessment

to ensure NIOSH-approved chemical, biological, radiological, nuclear (CBRN) canisters
(which include a carbon bed sorbent and P100 filter media) remain protective against new
and emerging CBRN hazards.1® The assessment included fentanyl and its analogs, and it
was determined that the P100 filter within the CBRN canister would adequately provide
protection for these hazards.

C-N: not resistant to oil; R: resistant to oil; P: oil proof.
-As reported in personal communication with NIOSH staff.
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A 1996 study of illicit powders seized in the UK containing between 8% and 85% heroin
found the representative particle size to be 45 um in diameter, with a range of 5.8 to

564 um.12 No studies examining the particle size of illicit fentanyl were identified, though
particle sizes have been examined in other contexts. A study of fentanyl smoke produced in
the lab found particle sizes of 1.07 to 2.05 um, while a pharmaceutical inhaler dispensing
>98% pure aerosolized fentanyl produces particle sizes of 1 to 3.5 pm.17:18 For comparison,
a 1998 study of N95 FFRs from various manufacturers using table salt (NaCl) and bacteria
of size and shape similar to Mycobacterium tuberculosis as the particulate matter found that
filtration efficiencies differed between manufacturers, but all were at least 95% efficient for
particle sizes of 0.1 to 0.3 um, and approximately 99.5% efficient or higher for particles
0.75 um and larger.1® A 2009 study of NIOSH-approved FFRs found that penetrations

from a 0.238 pm diameter polydispersed aerosol test (similar to the NIOSH respirator
certification test method) were <1% for N95 FFR models and <0.03% for P100 models, and
mono-dispersed aerosol penetration tests showed that the most penetrating particle size was
between 0.03 and 0.06 pm for all models tested.2? From these results, respirators appear to
be equally effective for biotic materials, salts, and polymers of similar sizes.

There is no universal agreement among experts regarding selection of an N/R/P-95

versus N/R/P-100 respirator filters for protection against opioids.3 By definition, N/R/P-95
respirator filters are those that remove at least 95% of a 0.3 um challenge aerosol, while
N/R/P-100 respirator filters are those that remove at least 99.97%, meaning that N/R/
P-100 respirator filters theoretically offer greater protection.2 The particle sizes of heroin
and fentany! identified in this research are well within the expected and tested range of
protection of both N95 and P100 particulate respirators. However, the identified studies

of particle size may not represent the opioids currently encountered. The particle size of
fentanyl smoke produced in the lab or aerosolized in pharmaceutical inhalers is likely much
finer than the aerosolized dust found in illicit opioid milling or manufacturing sites, and the
particle sizes of heroin samples from more than 20 years ago may not be representative of
the particle sizes of opioid powders found today, which often contain mixtures of heroin,
fentanyl, and other drugs.3 In addition, the literature does not compare the efficacy of N
versus R versus P respirator filters (N: not resistant to oil; R: resistant to oil; P: oil proof) for
protection against opioids, and does not provide information on which type of respirator is
most appropriate for various response scenarios based on the likely presence or absence of
oily aerosols which may be present in fentanyl precursors.

Gloves.—Transdermal exposure is possible since opioids, particularly fentanyls, can
penetrate human skin, and the delivery of illicit opioids by injection poses a risk of exposure
through accidental needlesticks.3® Accordingly, all of the recommendations include nitrile
gloves to prevent transdermal exposure. Nitrile is well established as being more durable
and puncture resistant than latex, and therefore provides a measure of protection (though not
full protection) against accidental needlesticks. A study of simulated bloodborne infection
through needlestick injury (NSI) found that single-layer nitrile gloves with a thickness of 5.1
mils offered superior protection to single-layer latex gloves with a similar thickness,22 and a
similar study of latex and nitrile dental examination gloves found nitrile to have significantly
higher puncture resistance.23 Although not specific to illicit opioids, these studies support

New Solut. Author manuscript; available in PMC 2022 May 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Basham et al.

Page 6

the recommendation of nitrile gloves for handling needles and syringes and for working

in situations in which this paraphernalia may be present. In addition, the IAB supports its
recommendation of nitrile over latex by noting the large incidence of latex allergy among the
U.S. population.11

There is limited empirical data for glove performance for protecting against illicit opioid
exposure, with only one study from NIOSH evaluating the permeation of fentanyl and
carfentanil through commercially available disposable vinyl, latex, and nitrile gloves.®,24
Researchers adapted the ASTM International D6978-19 standard for chemotherapy drug
glove permeation to test fentanyl hydrochloride and carfentanil hydrochloride solution
permeation through multiple disposable glove models, including models in which the
manufacturers claim that their gloves offer fentanyl protection. No nitrile glove models
showed fentanyl or carfentanil permeation rates above the chemotherapy drug threshold
criterion of 0.01 pg/cm2/min, thereby meeting the minimum performance requirement.
Latex and vinyl glove models exhibited fentanyl and carfentanil permeation rates above

this threshold and therefore may fail to provide sufficient protection. These findings support
NIOSH?’s current nitrile glove recommendation. However, the authors note that there is
currently no industry standard test method specifically for evaluating gloves and other types
of PPE against fentanyl and its analogs, and that standardized methods with opioid-specific
detection criteria are needed to fully understand the protection offered by various types of
equipment.

Eye protection.—Some form of eye protection, such as safety glasses, goggles, face
shields, or full facepiece respirators is included in all identified recommendations. Eye
protection is intended to prevent ocular exposure by reducing the likelihood of solid opioid
particles or liquid splashes entering the eye, and by preventing workers from touching

the eyes with contaminated hands or gloves. However, it is unknown if opioids can be
absorbed systemically through the eye.25 Ocular exposure is considered possible given that
opioids can be absorbed through other mucous membranes, and so experts recommend eye
protection despite the lack of evidence.6:13

Garment-type protectors.—As for gloves, garment-type protectors worn over bare skin
are recommended to prevent transdermal exposure and reduce the likelihood of needlesticks.
In addition, there is concern that those who encounter opioids on the job may inadvertently
carry opioid powder on their clothing into other locations, such as their cars, offices, and
homes, perpetuating the risk of exposure to themselves and others.> For this reason, all
recommendations identified include the use of garment protectors such as coveralls, sleeve
protectors, or shoe covers when working in heavily contaminated areas.8-11

PPE efficacy—Gaps.—There is a clear lack of data concerning the efficacy of PPE
in limiting occupational exposure to illicit opioids, as the literature search returned no
peer-reviewed studies on this topic. This lack of scholarship may be due in part to the
regulatory and safety challenges of conducting research on illicit drugs as well as reports

€ Article published after our initial literature search and therefore not included in the count of peer-reviewed literature. The draft
manuscript was kindly provided by the authors.
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that are classified (i.e., not available to the public).26:27 Heroin is a Schedule | drug while
fentanyl is a Schedule 11, meaning both carry restrictions on their research use.28

Moreover, the supposition that these forms of PPE are broadly effective against a

wide variety of chemicals may contribute to the perception that further testing against
specific illicit opioids is unneeded. In conversation with NIOSH, we were informed that
the recommendations made by government and professional organizations were initially
largely based on subject matter expertise (where additional empirical studies confirmed
recommendations), as well as nonpublicly available reports??; clearly, experts consider the
use of certain equipment prudent despite limited empirical data for some routes of exposure
and the efficacy of some types of PPE against opioids. There are studies (such as those
described earlier) that support the efficacy of PPE for worker protection more broadly and
the recommended forms of PPE have a long history of successful use in other contexts.
Thus, they are trusted by the experts to offer sufficient protection against opioids and may
not be an attractive research topic.

Even if existing research on the general operational specifications of equipment is
considered sufficient, research on the unique needs of workers who may encounter

opioids regularly is a gap. Studies that examine the composition of illicit opioids most
prevalent on the street (e.g., substance mixtures, particle sizes), the unique environments in
which workers may be exposed (e.g., volume of aerosolized opioids encountered by first
responders in milling labs), and the unique stresses placed on PPE during various opioid
encounters are lacking. Such studies would ensure that assumptions about PPE efficacy are
accurate and that recommendations are tailored to the reality of the user. Further data on
routes of exposure, such as ocular and inhalational, and related onset of opioid intoxication
for the forms of opioids found on the street are also needed and would better inform PPE
recommendations and safety practices across occupations.

PPE knowledge and utilization—Peer-reviewed and gray literature.—The
efficacy of PPE depends on proper and consistent use as well as product integrity, and
three studies were identified that examine knowledge and utilization of PPE with respect to
opioids: two looked at police and other first responders specifically and one looked at state
police forensic chemists.

In 2018, NIOSH conducted a Health Hazard Evaluation (HHE) concerning the unintentional
opioid exposure among police officers and firefighters during their first responder
activities.30 As part of the study, all on-duty firefighters in an urban Midwest location

were asked to complete a written questionnaire that included questions about potential
occupational exposure to opioids and PPE availability and use. Of 189 firefighters who
participated in the questionnaire, the majority reported the potential for exposure to opioids,
including 173 (92%) who recently participated in an opioid overdose response, and 118
(62%) who reported that suspected opioids were visible during the course of their work

in the last six months. Concerning PPE availability and use, all firefighters reported that
gloves were available when suspected opioids were visible and 92% reported wearing them.
However, most firefighters reported never using a respirator (90%) or eye protection (79%)
for responses where opioid powder or liquid was visible, even when such equipment was
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available. The most frequently cited reasons for not wearing PPE included “I did not think

it was necessary” and “It was not required.” Similarly, other HHEs conducted following
incidents where first responders suffered adverse health effects from suspected opioid
exposure (based on post-incident interviews and medical records rather than questionnaire
methodology as noted above) found that many responders did not wear gloves or respirators
despite the presence of suspected opioids, and some wore other PPE such as leather, latex, or
Kevlar gloves.31-33

The second study was a 2019 survey of 187 New York state law enforcement officers,
firefighters, and emergency medical technicians regarding knowledge of fentanyl exposure
and PPE.34 The study found that responders generally agreed with expert risk perceptions of
fentanyl but had lower agreement with expert recommendations on PPE. Most respondents
understood the need to protect their eyes, nose, and mouth when working with fentanyl and
to not disturb fentanyl without PPE. However, 38.5 percent of questionnaire respondents
could not identify nitrile as the recommended glove type (placing them at risk of transdermal
exposure), with 29.4% being “unsure” and 9.1% believing that latex gloves are preferred.
Lastly, of police officers and 55.8% of firefighters and emergency medical services
personnel believed that they do not have access to the proper PPE to counter fentanyl
exposure.

The third evaluation, a NIOSH HHE, assessed fentanyl, heroin, and nonopioid illicit

drug exposures and work practices of drug chemists who worked in state police forensic
laboratories.3> Employees’ PPE use was observed during two visits to the laboratories. In
between NIOSH visits, management provided additional training on PPE and improved PPE
policy enforcement, fit tested all drug chemists for N95 FFRs, and removed non-nitrile
gloves from the laboratories. When compared to observations made during the first visit,
PPE practices improved: more chemists chose to wear N95 FFRs when handling unknown
powders, and all chemists wore eye protection and nitrile gloves when handling evidence.
However, gaps remained for respirator storage, maintenance, and replacement.

Given the small number of studies identified in this section, targeted literature searches
were conducted to identify studies on PPE knowledge and utilization more generally. Two
additional studies were found that examined firefighters’ decision-making and use of PPE.
Maglio et al. conducted a national study of fire service safety climate to examine the

gap between demonstrated safety knowledge and the lack of connection to observed or
self-reported safety behaviors in firefighters.36 This research found three leading reasons
for PPE noncompliance that may similarly apply in opioid exposure situations. The first
was firefighter identity, described as acceptance of group cultural norms as opposed to
acknowledged safety standards. For example, positive perceptions of risk-taking among
peers and supervisors and group pressure to appear tough and courageous may make proper
PPE use less desirable. The second reason was goal seduction, a term used to define certain
situations where firefighters are led to prioritize being “first-in” over their own safety. Lastly,
Maglio et al. defined a third reason as situation aversion, which is when firefighters are led
away from safe choices because they are inconvenient or uncomfortable, or because they
think wearing PPE might invite ridicule from peers. In a second study that conducted a pilot
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survey of firefighters in the Southeastern United States, similar factors were identified as
reasons that firefighters didn’t use or misused (including not maintaining) PPE.37

PPE knowledge and utilization—Gaps.—The literature search revealed limited
research on knowledge and use of PPE to counter illicit opioid exposure. In fact, the authors
of the 2019 survey conducted in New York State noted that their study is the first of its kind
to explore the risk perceptions and knowledge of first responders with respect to fentanyl
exposure.34 Although other studies were identified that examine barriers to PPE usage

more generally, these studies focus only on firefighters and so similar factors may or may
not affect PPE-related decision-making among other occupations. Whether the motivations
behind PPE use or misuse in other situations apply equally to illicit opioid exposure, and if
greater knowledge of the risks posed by opioids can overcome the barriers to use and change
patterns of PPE utilization remains unclear. In addition, there is a lack of understanding of
how PPE for opioid exposure may interfere with various job duties, particularly the public
safety functions of law enforcement and other responders, and these risks and possible
mitigation strategies should be identified. Further, there is a gap in research concerning
employers’ regulatory practices concerning worker protection from occupational exposure
to illicit opioids. Research is needed to better understand how employers’ administrative
policies, trainings, and compliance with existing PPE standards and regulations may impact
how and to what extent workers are protected from occupational exposure to illicit opioids.
Particularly, knowledge is needed regarding the adoption of respiratory protection programs
that include medical clearance, fit testing, and training.

Overall, there is a clear gap in knowledge regarding the proper use of PPE across
occupations including employer practices to support proper PPE utilization. Research
suggests there may be evidence of nonutilization or improper utilization of PPE among
potentially exposed first responder populations,3%-34 and NIOSH is working with fire
departments to identify various practices related to PPE.38 Additional future studies may
identify opportunities at the employer and worker level for behavior change methods,
including new or modified trainings, to improve occupational safety.

Decontamination and disposal of illicit opioids

Decontamination—Peer-reviewed and gray literature.—The recommendations and
guidelines for PPE (NIOSH, DEA, ACMT/AACT, and IAB) described above also contain
recommendations for personal and PPE decontamination, and additional recommendations
for decontamination were identified from the U.S. Environmental Protection Agency (EFA)
Fact Sheet for Federal OnScene Coordinators: Fentanyl and Fentanyl Analogs.3® The
decontamination methods recommended by these organizations are summarized in Table

2.

Our search of the literature returned only one study examining environmental
decontamination of opioids (a letter to the editor from Froelich et al.), and so we performed
additional targeted searches of peer reviewed and gray literature to identify studies that
examine personal, equipment, or environmental decontamination methods. Summarized
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below is the available evidence concerning decontamination and disposal of opioids and
the relationship of this evidence to current recommendations.

Personal decontamination.—Alcohols and alcohol-based hand sanitizers are not
recommended for personal decontamination because they do not remove illicit opioids from
the skin and may increase dermal drug absorption.8-11:39 Opioids are generally soluble

in alcohol, and alcohols have long been used as absorption enhancers for transdermal

opioid analgesic patches.3%40 In contrast, a study by Lent et al. utilized an in vitro static
diffusion cell system to examine the percutaneous permeation of carfentanil dissolved in
water, ethanol, and two brands of hand sanitizer and found that permeation was fastest

for carfentanil in water (3.60 x 10~3cm/h), followed by hand sanitizer (0.88 x 10~3cm/h),
and slowest for ethanol (0.17 x 10~3cm/h).4L Similarly, the permeability coefficient and
percent permeation after six hours were highest for carfentanil in water, lowest for ethanol,
and intermediate for hand sanitizer. Differences in permeation were observed between the
two brands of hand sanitizer tested despite the fact that both contained 70 percent ethanol,
indicating that the percentage of water and other ingredients in hand sanitizer may affect
dermal absorption. These data indicate that using alcohol-based hand sanitizers for personal
decontamination may not pose as great a threat of transdermal exposure as previously
assumed, and that the use of water alone may in fact enhance risk more than suspected.
However, the laboratory study examined only carfentanil dissolved in liquid, and it is
possible that powdered carfentanil may be more easily carried into the skin by alcohol-based
hand sanitizer or other liquids relative to the permeation achieved by dry powder on the skin.

However, even if alcohol-based hand sanitizer does not significantly increase dermal
absorption, the general solubility of opioids in alcohol means that alcohol-based hand
sanitizers may dissolve opioids and spread them over the skin. Since alcohol-based hand
sanitizer use is rarely followed by rinsing with water, the sanitizer may then deposit a

thin layer of opioid back on the skin as it evaporates rather than removing it. This failure

of alcohol-based hand sanitizer to remove opioids from skin may be reason enough to
recommend against its use even in the absence of increased dermal absorption, though there
are no studies examining the ability of alcohol-based hand sanitizer to remove opioids

that can confirm whether alcohol-based hand sanitizer and opioids do in fact simply

spread contamination instead of remove it. In addition, while soap and water are often
recommended over hand sanitizer, there are no studies examining the efficacy of any type
of soap for removing opioids from skin. Overall, the equivocation in the literature regarding
the risks associated with hand sanitizer and alcohol, and the lack of studies demonstrating
removal of opioids from the skin by any method, suggests that these measures may require
closer examination.

Environmental decontamination.—The literature search returned only one study on
environmental decontamination, a letter to the editor from Froelich et al. examining the use
of OxiClean™ Versatile Stain Remover (a peroxide solution) and tap water for cleaning a
surface contaminated with fentanyl or acetylfentanyl.#2 Sections of a laboratory benchtop
were sprinkled with 1 mg of fentanyl or acetylfentanyl powder and then sprayed with a
cleaning solution, either a 1% solution of OxiClean™ or tap water. Sections were left
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to sit between zero and 60 minutes and then wiped with a paper towel prior to final
swabbing. After cleaning, fentanyl was detected on the water treated sections at zero and
fifteen minutes, but was not detected on the zero or fifteen-minute OxiClean™ sections.
Similar results were found for acetylfentanyl. Notably, the researchers found that by the
thirty-minute time point, all liquids had evaporated and the fentanyl and acetylfentanyl
were not removed by the paper towel. The likely explanation is that the fentanyl had
dissolved and was then distributed in a thin layer across the benchtop when the liquid
evaporated, preventing removal by the towel. Based on these results, the authors recommend
that fentanyl and acetylfentanyl be cleaned by spraying powders with enough 1% solution
of OxiClean™ to cover the powder and then scrubbing with a paper towel within fifteen
minutes. The authors concluded by warning that the spray will lose its cleaning ability
once the liquid has evaporated, and that any paper towels used should be disposed of in a
biohazard waste container.

Additional targeted searches of peer-reviewed literature returned two publications

that similarly examine the efficacy of various cleaning solutions for environmental
decontamination. Firstly, a study by Sisco et al. examined the effectiveness of OxiClean™
and Dahlgren Decon (also a peroxide solution) for removing cyclopropyl fentanyl and
carfentanil from ceramic floor tiles.*3 Approximately 500 pg to 600 g of either carfentanil
or cyclopropyl fentanyl powder was deposited on the test surface, and then approximately
2mL of either OxiClean™ or Dahlgren Decon was pipetted to cover the powder and allowed
to sit for between zero and thirty minutes before being wiped off. After wiping, the surface
was swabbed and tested for residual intact carfentanil or cyclopropyl fentanyl by mass
spectrometry (Thermal Desorption-Direct Analysis in Real Time Mass Spectrometry (TD-
DART-MS) and Liquid Chromatography Tandem Mass Spectrometry (LCMS/MS)). Both
cleaning agents were highly effective, with Dahlgren Decon removing over 99 percent of
both cyclopropyl fentanyl and carfentanil within five minutes, and OxiClean™ removing
over 99 percent of cyclopropyl fentanyl and approximately 97% of carfentanil within five
minutes. However, some intact drug was detected on the surface and in the solution of

both agents after cleaning, meaning that the solutions did not degrade or remove all of the
opioid present. In addition, two cyclopropyl fentanyl samples treated with OxiClean™ were
inadvertently allowed to evaporate, which, as in the Froelich study, lowered the removal
efficacy. The authors reinforce the conclusion drawn by Froelich that drug removal is only
achievable if the cleaning solution does not evaporate. A similar experiment testing the
ability of methanol, Alconox detergent and water, and OxiClean™ to remove cyclopropy!l
fentanyl and heroin particulate matter from a laboratory benchtop found that all methods
tested removed over 99% of cyclopropyl fentanyl particulate matter and more than 98% of
heroin particulate matter. This result supports the EPA recommendation of using detergent
and water for nonporous surfaces, though only one type of detergent was used, and these
results may differ for other types of detergent or soaps.

In addition, the authors examined the ability of OxiClean™ and Dahlgren Decon to degrade
cyclopropyl fentanyl and carfentanil in solution. Results indicated that OxiClean™ achieved
breakdown of approximately 85% of cyclopropyl fentanyl and 95% of carfentanil after
fifteen minutes. For Dahlgren Decon, both opioids were undetectable at all time points,
corresponding with approximately 95% effectiveness for cyclopropyl fentanyl and a 97.6%
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effectiveness for carfentanil. Together, these results indicate that both Dahlgren Decon and
OxiClean™ are effective at decontaminating surfaces by removing or degrading cyclopropyl
fentanyl and carfentanil, but that incomplete degradation may leave some amount of intact
opioid residue behind.

Secondly, a 2009 study by Qi et al. examined the oxidative degradation of fentanyl in
aqueous peroxide and hypochlorite solutions.** The peroxide solutions demonstrated a range
of degradation efficiencies, with the two most efficient solutions, peracetic acid and sodium
percarbonate/N,N,N’,N’-tetraacetylethylene diamine (SPC/TAED), achieving more than
90% degradation within ten minutes. For the hypochlorite solutions, trichloroisocyanuric
acid (TCCA) achieved 96% degradation within two minutes and complete degradation in
sixty minutes. The high efficacy of peracetic acid supports the recommendation of its use
by the EPA and IAB. Although the IAB also recommends hydrogen peroxide, Qi found
hydrogen peroxide to be among the least efficient solutions, achieving a maximum of

53% degradation after sixty minutes. Notably, the authors found that calcium hypochlorite
with a pH of 12, which is similar to household bleach (sodium hypochlorite, pH 12.5),4°
partitioned solid fentanyl out of the aqueous solution. The authors note that fentanyl has
low solubility in strong basic solutions, making degradation inefficient. This result suggests
that bleach and other strong basic solutions may all be similarly inefficient at dissolving
and degrading fentanyl and are therefore not appropriate decontaminating agents, which
supports the fact that none of the guidance documents recommend bleach for environmental
decontamination.

Although the Qi study did not examine OxiClean™ or Dahlgren Decon specifically,

their results nonetheless concur with the findings of Froelich and Sisco. OxiClean™ and
Dahlgren Decon are both peroxide solutions—OxiClean™ contains sodium percarbonate
(SPC) while Dahlgren Decon releases peracetic acid upon dissolution in water*6—and

Qi found both SPC and peracetic acid to be efficient degradants of fentanyl. Overall,
results across the three studies indicate that certain peroxide and (nonalkaline) hypochlorite
solutions can efficiently remove and destroy fentanyl and carfentanil and are therefore
promising decontamination agents.

Decontamination knowledge and utilization.—Only one study was found that
examines knowledge and utilization of decontamination methods. In the Persaud/Jennings
2019 survey of New York State law enforcement officers, firefighters, and EMS personnel
(discussed above), 37% of EMS/firefighters and 24% of law enforcement officers answered
that hand sanitizer is safe to use after handling fentanyl.3* If alcohol-based hand sanitizer
increases transdermal absorption, then the approximately onethird of first responders who
believe hand sanitizer is safe to use may be at increased risk of harm. No other studies
examining knowledge or utilization of decontamination methods were identified.

Opioid disposal.—The EPA recommends that fentanyl and its analogs be managed

as hazardous waste. All fentanyl and fentanyl-containing materials should be placed in
heavy-mil, leak-proof polyethylene containers, and should be disposed of by encapsulation,
incineration, or inertization by mixing with water, cement, or limestone to form a solid
mass.39 Froelich et al. notes that the majority of law enforcement agencies do not have toxic
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waste containers or chemical waste treatment abilities, but often do have biohazard waste
containers and disposal capabilities due to their frequent contact with body fluids.42 The
authors state that biohazard containers and the approved methods for disposal of biohazard
materials, particularly incineration, should be sufficient for the disposal of opioids, which is
confirmed by the EPA recommendations. However, hazardous waste disposal capabilities are
likely limited for workplaces that do not regularly encounter chemical or biological waste.

Decontamination and disposal—Gaps.—For personal decontamination, little data are
available to support the current recommendations, and the risks associated with alcohol and
hand sanitizer use are not well understood. Although alcohol acts as a skin penetrant in a
pharmaceutical context, it is unclear to what extent it may enable the dissolution and skin
permeation of tablet or powder opioids (two possible illicit forms). Since hand sanitizer

is widely available and may be used by responders as indicated in the Persaud-Jennings
survey, an examination of the risks it may pose may potentially clarify the recommendations
against its use. Furthermore, no studies have examined the removal of opioids from skin or
equipment by any agent, including soap and water, and water also may facilitate permeation
of the skin by opioids. Decontamination methods validated for surfaces or equipment may
not be appropriate for personal decontamination because they are irritating or damaging to
skin and body tissues. Targeted studies are needed to examine decontamination methods

for people and PPE, and ideally these will consider environmental factors, ease of use, and
human health consequences. As one of the main benefits of hand sanitizer is that it can be
used in situations where access to running water is limited, future research should investigate
best practices for cleaning contaminated skin with a focus on methods that can be used when
handwashing is impractical.

For environmental decontamination, current research does lend support to existing
recommendations and has revealed several promising cleaning agents. However, there

are still very few studies examining environmental decontamination and there are clear

gaps in research on several types of opioids and different field conditions. Neither of the
studies examining degradation included opioids other than fentanyl or carfentanil. Opioids
are structurally diverse and therefore may degrade with different kinetics under various
conditions, and indeed the Sisco study notes that it is unclear why OxiClean™ was more
effective at degrading carfentanil than cyclopropyl fentanyl. Ideally, research should include
a variety of illicit opioids, both in pure form and mixed with other licit and illicit opioids,
nonopioid drugs, and common adulterants to represent what workers may encounter.
Further, complete degradation was not achieved by even the most promising cleaning
solutions, and the conditions required to achieve this are unclear. A variety of chemical

and environmental factors, which are not fully explored in the literature, likely affect opioid
removal and degradation efficiencies (ratio of opioid to solution, solution concentration,
solution pH, application method, timing, temperature, surfaces, etc.). Additional studies are
needed to determine not only which substances can efficiently remove and/or degrade which
opioids, but also what field conditions affect decontamination efficacy.

Moreover, research on environmental decontamination is complicated by the fact that there
are no health-based guidelines on what percentage or mass of illicit opioid must be degraded
or removed before an item or surface is deemed safe. There is at least one state legal limit
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for fentanyl residuals after remediation that defines nondetectable as the “safe” limit, though
this is based on measurement sensitivity rather than health outcomes.#’ Total removal or
degradation has not been achieved under laboratory conditions and is likely not a realistic
standard for decontamination in the field. Determining appropriate clearance end points that
consider differences in potency between opioids, the likelihood of various exposure routes,
and realistic field conditions would greatly enable the study of decontamination methods.

The literature search revealed limited research on knowledge and compliance rates

with recommended personal and environmental decontamination methods. If there are
misconceptions about proper decontamination and disposal methods or noncompliance

with recommendations, workers may be placing themselves and others at increased risk

of exposure. Research is needed on whether workers in various occupations that may
encounter opioids are familiar with and follow the existing guidelines, and compliance
barriers. Similarly, studies such as the Persaud-Jennings survey could investigate the
disposal capabilities and practices of various facilities, what barriers to proper disposal exist,
and how various disposal methods increase or decrease the risk of occupational exposure.

Engineering controls for preventing illicit opioid exposure

Engineering controls for needlestick exposures—Peer-reviewed and gray
literature.—The delivery of illicit opioids by injection poses a risk of occupational
exposure through accidental NSlIs, and sharps containers have long been identified as an
appropriate engineering control for reducing this type of exposure.*8 Our literature search
identified three publications that substantiate the occupational hazard of NSIs among police
officers in the context of the opioid crisis; however, none of the studies directly validate the
use of sharps containers to reduce opioid exposure.

An occupational safety study of Tijuana police personnel by Beletsky et al. found that only
1.5% of officers reported an NSI, but there was a statistically significant correlation between
NSI frequency and the frequency of confiscating syringes from suspects, transporting
syringes, breaking syringes, discarding syringes, and arresting a suspect for syringe
possession.#® A similar study by Cepeda et al. details the findings of a survey of more

than 700 Baltimore city police officers evaluating police experience and sentiments on NSIs
and protective behaviors.®0 Sixty officers (8% of respondents) indicated a lifetime NSI, for
an NSI prevalence rate of fifty-eight occurrences per 10,000 officer-years. In addition, 95%
of officers said that they would utilize needlestick resistant gloves if available, indicating a
willingness of police to use appropriate protective measures.

The third study: a 2016 NIOSH HHE, provides additional insights into the prevalence

of NSIs and recommendations to mitigate occupational risk.48 The authors assessed an
urban Ohio police department’s NSI reports from 2011-2016 and found an annual NSI
incidence rate of between 0 and 5.07 per 1000 police officers. Pat-down searches of a
suspect and searches of a suspect’s property or vehicle were found to increase risk. The
authors identified one NSI that was caused by a sharp being left in an inappropriate place

by an officer, but the records do not clarify if this incident was related to the nonuse or
misuse of a sharps container or other type of engineering control. Significantly, evaluators
noted that the police department was using a container made of heavy-duty fiberboard with a
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metal screw-on lid to store needles collected in the field, which is not compliant with current
best practices. The evaluators recommended the use of sharps containers that are puncture
resistant, leakproof, and labeled or color-coded and that officers be instructed in the prompt
transfer of needles to appropriate sharps containers.

Engineering and administrative controls for powdered illicit opioids.—Our
literature search returned no publications suggesting that portable receptacles or other
systems to prevent the dissemination of powdered opioid hazards exist. Nor does it seem
that the use of makeshift receptacles on-scene have been approved by federal, state, or local
stakeholders. For instance, according to an authoritative 2017 DEA guidance resource,?

law enforcement personnel should avoid any actions that may disturb loose powders and/or
other drug-related evidence on-scene, and instead contact either officials within their agency
trained in handling hazardous materials or the nearest DEA office. Concurrently, law
enforcement personnel on-scene are required to don the appropriate PPE and standby for
the arrival of trained personnel. Suspected opioid materials should be double-bagged within
two agency-approved envelopes and transported within DOT-compliant, level 4G fiberboard
boxes or “Pelican” style cases to appropriate laboratories for testing.® Currently, responders
without special training or equipment are directed not to disturb or take field samples of
packaged materials if fentanyl and fentanyl analogs are suspected as opening a package may
suspend the powder and cause exposure.3°

Jurisdictions have developed policies for handling evidence in laboratories, which are
normally purpose-designed or retrofitted settings that are appointed with engineering
controls such as ventilated chemical hoods. One HHE-evaluated drug exposure among
forensic scientists who analyzed evidence for the presence of illicit drugs.3® In this

HHE, the forensic laboratories visited had several ventilated chemical hoods that did not
meet expected performance criteria and unknown powders were regularly handled on the
benchtop without use of available local exhaust ventilation nor a ventilated chemical hood.
Evaluators recommended the adoption of additional administrative controls: policies to
limit handling of uncontained unknown powered, such as limiting the measurement of
material net weights unless required by legal proceedings and more specific instructions for
employees on when to use ventilated enclosures.

For control of another workplace exposure, mail handling guidance for anthrax bacteria
recommends immediately covering the package and its spilled contents with items nearby
(e.g., dustbin, paper, plastic bag).>! This process may indeed mitigate further exposure to
opioids. However, we found no studies examining the efficacy of such ad-hoc measures
as well as no commercial systems that could be employed for this express purpose. The
only somewhat similar item found was portable mail screening equipment consisting of a
portable glove-box with HEPA-filtered exhaust air, which has been developed to prevent
anthrax exposure when opening packages.>? Similar systems could be employed to safely
open packages suspected of containing powdered opioids.

Engineering and administrative controls—Gaps.—No studies were found
examining the utility of engineering controls for reducing occupational opioid exposure. The
studies on NSI among police?9:50 validate the risk and need for protection, and the HHE*8
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reiterates the recommendation of using a sharps container, but no studies were found directly
addressing the utilization of sharps containers or other engineering controls for reducing
NSI. The finding that a police department was not using sharps containers compliant with
current recommendations suggests that other departments may be similarly using unsuitable
engineering controls for potentially drug-contaminated needles, and additional research may
reveal whether and how these improper engineering controls contribute to exposure risk.

In addition, research on other workplaces is needed to understand the controls in place

for nonresponder occupations. For example, research on bloodborne pathogen exposure has
shown that NSIs may occur in the course of routine cleaning duties in hotels, restaurants,
and gas stations.>3 Notably, the three studies detailed here do not represent the totality

of literature on NSIs, as research framed solely in the context of preventing bloodborne
pathogen transmission was not returned by our literature search. Further examination of

the literature on engineering controls for preventing accidental bloodborne infection may
yield useful lessons for preventing occupational opioid exposure. Similar to needlesticks
and bloodborne pathogens, research on controls for powdered opioids could be informed by
research on other solid threat agents that carry additional risk when aerosolized, particularly
anthrax, though we found no mention of controls for anthrax currently in use.

Administrative controls impact occupational exposure to illicit opioids directly and
indirectly, such as by mandating how and when engineering controls and PPE are used

and how to handle uncontained, unknown powders. The findings in the drug laboratory HHE
suggest that engineering controls should be paired with appropriate administrative policies,
employee training, and maintenance procedures to be effective.3® The literature search
revealed that minimal research is available on both how administrative controls should be
implemented and their effectiveness at reducing illicit opioid exposures when they are in
place.

Discussion: Research Gaps Related to Protecting Against Occupational

Opioid Exposure

The research gaps concerning protection against illicit opioid exposures are two-fold: gaps
in technical knowledge about PPE, decontamination, and control methods, and gaps in
understanding how these measures are utilized. Sufficient protection is a combination of
both technical quality and proper use, and additional studies are needed to understand and
overcome barriers in both.

Little is known about the knowledge levels, attitudes, and practices of first responders and
other workers in terms of PPE utilization and personal decontamination. The little research
that does exist on this topic suggests that responder behavior does not always align with
recommendations, likely placing workers at increased risk of exposure. Additional research
is needed to understand these behaviors, and to understand how employers’ administrative
policies, organizational culture, trainings, and compliance with existing PPE standards and
regulations can better facilitate safe work practices. Surveys such as those utilized by
Persaud/Jennings and the NIOSH HHEs are promising tools for examining employer and
worker knowledge and practices and could be used to collect data across a variety of
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occupations and locations. Additional ethnographic methods, such as on-site observation
and informative interviews, could also yield important data on how protective measures are
employed in the field, the unique needs of various occupations, and possible approaches to
decrease occupational exposure risk.

In terms of technical performance, limited publicly available data exist on the efficacy

of PPE, decontamination methods, and engineering controls against illicit opioids.
Assumptions about PPE, decontamination, and engineering control efficacy are informed
by knowledge within NIOSH from other contexts, and future research on these topics may
even benefit from existing data on the efficacy of PPE and controls for similar hazards,

such as anthrax, bloodborne infectious agents, or pharmaceutical analgesics. However, data
from other contexts must be validated against the unique threat posed by highly potent
illicit opioids. Studies that examine the efficacy of protective measures and decontamination
for the evolving forms of illicit opioids encountered on the street, within the unique
environments in which responders and other workers operate, and accounting for the unique
stresses placed on equipment during an emergency scenario are almost nonexistent. For
decontamination, the degradation mechanisms of many opioids are not well understood,
and there are no established clearance goals to guide the determination of decontamination
efficacy.

Addressing these gaps would not only improve the safety recommendations for preventing
occupational exposure to illicit opioids, but also help assuage the fear and misconceptions
surrounding illicit opioids. The ACMT/AACT concludes that existing evidence indicates
that absorption from small, unintentional skin exposures is unlikely to cause significant
opioid toxicity, and if it were to occur, would develop slowly and allow time for proper
decontamination.1? Others have similarly noted that existing pharmacokinetic and clinical
data do not suggest a great danger from ambient dermal exposure and that anecdotal reports
of occupational opioid poisoning do not accurately reflect risk.*> However, these authors
nonetheless conclude that until more information is available, the use of PPE is prudent

and important because dermal exposure and incidental transfer from the skin to mucous
membranes are an important potential route of exposure. Thus, information on exposure
routes, protective measures, and decontamination would allow workers to complete their
duties with a more accurate understanding of the risks they face and the measures in place to
protect their health.

In addition, while first responders may face a unique threat of occupational exposure

to illicit opioids, they are not alone in potentially needing protection. Educational staff,
hotel staff, airline flight crews, public transit workers, librarians, food service workers, and
many others may encounter illicit opioids and drug paraphernalia.1:2 Overall, increasing our
knowledge of how to protect against exposure to illicit opioids has the potential to improve
occupational health across communities. However, as the illicit opioid landscape changes,
these research questions must continue to be revisited for any novel opioid derivatives to
ensure that our understanding of appropriate protection remains accurate.
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b.Recommended respiratory protection is based on exposure level.
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