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SHORT REPORT

Characterization of perceived biohazard exposures, personal protective
equipment, and training resources among a sample of formal U.S. solid
waste workers: A pilot study

Aurora B. Lea , Abas Shkembia , Anupon Tadeea , Anna C. Sturgisa, Shawn G. Gibbsb , and
Richard L. Neitzela

aDepartment of Environmental Health Sciences, School of Public Health, University of Michigan, Ann Arbor, Michigan; bDepartment of
Environmental and Occupational Health, School of Public Health, Texas A&M University, College Station, Texas

ABSTRACT
In the United States, the majority of waste workers work with solid waste. In solid waste
operations, collection, sorting, and disposal can lead to elevated biohazard exposures (e.g.,
bioaerosols, bloodborne and other pathogens, human and animal excreta). This cross-sec-
tional pilot study aimed to characterize solid waste worker perception of biohazard expo-
sures, as well as worker preparedness and available resources (e.g., access to personal
protective equipment, level of training) to address potential biohazard exposures. Three sites
were surveyed: (1) a family-owned, small-scale waste disposal facility, (2) a county-level, recy-
cling-only facility, and (3) an industrial-sized, large-scale facility that contains a hauling and
landfill division. Survey items characterized occupational biohazards, resources to mitigate
and manage those biohazards, and worker perceptions of biohazard exposures. Descriptive
statistics were generated. The majority of workers did not report regularly coming into con-
tact with blood, feces, and bodily fluids (79%). As such, less than one-fifth were extremely
concerned about potential illness from biological exposures (19%). Yet, most workers sur-
veyed (71%) reported an accidental laceration/cut that would potentially expose workers to
biohazards. This study highlights the need for additional research on knowledge of expos-
ure pathways and perceptions of the severity of exposure among this occupational group.
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Introduction

In the United States (U.S.), nearly half a million workers
are classified as “Waste Management and Remediation”
workers by the Bureau of Labor Statistics. U.S. waste
workers have higher injury and illness rates compared
to workers across all private industries with total record-
able case rates of 3.1 vs. 2.7 per 100 full-time workers,
respectively (BOLS 2022a, 2022b). Workers managing
solid waste that is generated from residential, commer-
cial, and non-hazardous sources represent the majority
of the solid waste worker population. Solid waste work-
ers are exposed to several occupational hazards (e.g.,
extreme temperatures, poor ergonomics) but one of the
chief concerns is biohazard exposure. Waste collection,
sorting, and disposal can lead to elevated exposure to
biohazards such as bioaerosols, bloodborne and other
pathogens, fungi, and human and animal excreta

(Dorevitch and Marder 2001; Rushton 2003; Athanasiou
et al. 2010).

A previous assessment of medical waste workers
following the 2014–2016 Ebola outbreak showed that
these workers were underprepared and under-trained
to manage highly infectious, Category A classified
waste (Le et al. 2018). The COVID-19 pandemic has
highlighted the stress associated with occupational
biological exposure and how a worker’s health, safety,
and well-being are intrinsically coupled with their
lives inside and outside of the workplace (Dennerlein
et al. 2020; Krishnamoorthy et al. 2020). While SARS-
CoV-2 has not been demonstrated to be transmitted
through contact with solid waste, medical waste asso-
ciated with COVID-19 patients is handled as regulated
medical waste. However, the high number of COVID-
19-positive individuals isolating at home inevitably
leads to the disposal of SARS-CoV-2 contaminated
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waste within municipal solid waste (Vu et al. 2021).
Additionally, the pandemic has underscored that all
workers, especially essential workers such as solid
waste workers, are vulnerable to more commonplace
biological exposures given the nature of their work.
Training and knowledge on prevention, mitigation,
and management of biological exposures are of the
utmost importance (Nghiem et al. 2020; Sharma et al.
2020).

To the best of the authors’ knowledge, levels of
worker training and preparedness to prevent, mitigate,
and manage potential biohazard exposures, and
worker perceptions of those exposures in the solid
waste industry have not been assessed. Hence, this
descriptive pilot study sought to characterize perceived
biohazard exposures and exposure control resources
among a sample of solid waste workers in the U.S.

Materials and methods

The participants in this cross-sectional, pilot study
consisted of adult waste workers recruited from solid
waste sites in southeast Michigan during the fall of
2021. Thirty-nine waste sites were contacted through
publicly available information by the research staff via
telephone and email. Three waste site supervisors con-
sented to participation and provided the research
team access to onsite employees at pre-scheduled
times. After informed consent was received, solid
waste workers were surveyed on occupational biohaz-
ards, levels of work stress, and safety climate.
Participants filled out hard-copy surveys at the begin-
ning or end of their shifts. The survey took approxi-
mately 20min to complete and did not collect any
personal identifiers (e.g., name, birthdate, email).
Participants received $40 upon survey completion.
The focus of this Short Report is the first section of
the survey – occupational biohazards. The three par-
ticipating solid waste sites are characterized as: (1) a
family-owned, small-scale waste disposal facility, (2) a
county-level and recycling-only facility, and (3) an
industrial-sized, large-scale facility that contains a
hauling and landfill division.

Survey items for the occupational biohazards por-
tion were developed by the authors in consultation
with a solid waste subject matter expert to character-
ize occupational biohazards in the solid waste indus-
try, resources to mitigate and manage those
biohazards, and worker perceptions of individual bio-
hazard exposures (see supplemental file). Questions
regarding worker exposures and perception of expo-
sures asked about the frequency of contact with

sharps and blood, feces, or bodily fluids (0¼Never,
4¼Always). Workers were asked about their level of
concern regarding exposures or illness due to contact
with waste contaminated with biohazards and how
prepared they felt to prevent exposure (0¼Not at all,
4¼Extremely). Workers were also asked if they ever
had an accidental needlestick, laceration, and/or cut
during work (yes/no). Workers that responded “yes”
were asked if they reported the incident to a super-
visor and about the level of stress experienced as a
result of the work-related accidental needlestick, lacer-
ation, or cut.

Training and personal protective equipment (PPE)
questions asked if workers had received infection con-
trol and prevention training in the last 12months
and/or training on donning and doffing PPE in the
last 12months (yes/no). Workers were also asked to
select from an inventory list of PPE that their work-
place has deemed mandatory/required for standard
duties and what PPE is available to them that are not
part of the mandatory/required list. Workers were
asked if, in addition to routine work, the heightened
use of masks or respiratory protection during the
COVID-19 pandemic was required and included ques-
tions on respiratory protection programs and PPE
maintenance (see supplemental file).

Workers were asked about practices contributing to
their health such as hand hygiene behaviors. The ques-
tions distinguished between the use of hand sanitizer vs.
hand washing with soap and water during key moments
for potential cross-contamination (e.g., before and after
meals, before leaving work) (0¼Never, 4¼Always).
Lastly, workers were asked how they received up-to-date
information on infectious diseases in relation to their
work and if their workplace had procedures for health
monitoring of employees after a suspected or confirmed
exposure to biohazards (yes/no).

Data cleaning and all analyses were conducted in R
studio using R v3.6.3 (Boston, MA). Counts and percen-
tages were determined to provide descriptive statistics.
The study was approved by the University of Michigan
Institutional Review Board (Protocol ID HUM00202683).

Results

Worker exposure

The demographics of the study participants, which
included 68 workers, are detailed elsewhere (Le et al.
2022). Just over one in five participants reported fre-
quent contact with sharps (most of the time/always),
and the majority (87%) reported coming into contact
with sharps at least rarely (see Table 1). No workers
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from the single-site facilities and only one worker
from the landfill division reported never having come
into contact with sharps. Participants reported similar
levels of contact with blood, feces, and bodily fluids as
those with sharps. Twenty-eight percent of participants
reported never being concerned about work-related
exposures and/or illnesses, with similar reported levels
across sites. On the other hand, very high/extreme con-
cerns were discordant across sites (19% overall). While
33% of hauling workers reported high/extreme levels of
concern, only 6% of landfill and no single-site workers
reported being highly/extremely concerned about work-
related exposures and/or illnesses. More participants felt
very/extremely prepared to prevent exposures and/or ill-
nesses (28% overall).

Training and administrative controls

Nine percent of participants reported the presence of
an RPP at work, and none reported knowledge of an
RPP from single-site facilities (see Table 2). Reporting
on whether training on infection prevention and don-
ning/doffing PPE was conducted within the last year
was relatively low (28% and 40%, respectively), with
the landfill division reporting the highest training
prevalence (47% and 67%, respectively). Similarly,
reported training on selecting proper PPE depending
on the risk of contact with biohazards was low (24%
overall), although reported training on determining
whether PPE was effective was high (71% overall; 93%
among landfill workers). Training on the maximum
working times allowed in disposable PPE was the low-
est (16% overall), with hauling workers reporting the
highest prevalence of having received training on PPE
(22%) and landfill the lowest (7%).

PPE and monitoring devices

Overall, the majority of workers were required to
wear safety vests/reflective clothing (90%) and steel-
toe boots (82%) while performing standard duties (see
Figure 1). While safety vests/reflective clothing were
made available nearly ubiquitously across job sites,
only 59% of workers at single-site facilities reported
steel-toe boots being made available by the employer.
Just over half of workers reported hard hats and sin-
gle-use gloves being required on the job overall,
although hard hats and single-use gloves were fre-
quently made available for landfill workers (100% and
93%, respectively). Similarly, although eye protection
and puncture-resistant gloves were mandatory for
43% of workers, only 87% of landfill workers reported
that these PPE were made available for employee use
by their employer.

The use of surgical/procedure masks, boot/shoe
covers, N95 respirators (employer-provided/employee-
chosen), face shields, and coveralls were all rarely
reported as mandatory (<10%). However, surgical/-
procedure masks were made available for over a third
of noncommercial employees due to the COVID-19
pandemic. Similarly, face shields (27%), and coveralls
(27%) were made available more regularly for landfill
workers. Gas monitors were predominantly made
available for landfill workers (27%).

Worker health

The majority of workers reported good/excellent phys-
ical health (59%), with similar levels reported across
sites except for the physical health among landfill
workers (33%). Overall, 15% of participants reported
an accidental needlestick injury and no landfill

Table 1. Self-reported worker exposure and concern and preparedness about exposures and/or illnesses
n (%).

All Multi-site Single site

N¼ 68
Hauling
(N¼ 36)

Landfill
(N¼ 15)

County/small
business (N¼ 17)

Contact with sharps
Never 9 (13%) 8 (22%) 1 (7%) 0 (0%)
Rarely/sometimes 45 (66%) 19 (53%) 12 (80%) 14 (82%)
Most of the time/always 14 (21%) 9 (25%) 2 (13%) 3 (18%)
Contact with blood, feces, and bodily fluids
Never 9 (13%) 5 (14%) 4 (27%) 0 (0%)
Rarely/sometimes 45 (66%) 24 (67%) 9 (60%) 12 (71%)
Most of the time/always 14 (21%) 7 (19%) 2 (13%) 5 (29%)
Concerned about exposures/illness
Not at all 19 (28%) 11 (31%) 4 (27%) 4 (24%)
Slightly/moderately 36 (53%) 13 (36%) 10 (67%) 13 (76%)
Very/extremely 13 (19%) 12 (33%) 1 (6%) 0 (0%)
Prepared to prevent exposures/illness
Not at all 12 (18%) 9 (25%) 1 (6%) 2 (12%)
Slightly/moderately 37 (54%) 18 (50%) 10 (67%) 9 (53%)
Very/extremely 19 (28%) 9 (25%) 4 (27%) 6 (35%)
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workers reported such an injury. Overall, 71%
reported an accidental laceration/cut and nearly all
single-site facility workers (94%) reported such an
injury. The majority of workers reported an accidental
needlestick (60%) or laceration/cut (69%) to their
supervisors. All workers with a needlestick injury
reported experiencing stress from the incident. While

64% of those injured from lacerations/cuts experi-
enced stress from reporting the injury to a supervisor,
all those at the landfill site experienced stress. Such
stress at the noncommercial sites was relatively low
(36%). Only 26% of workers reported the workplace
having a health monitoring program, with similar lev-
els across sites. Surprisingly, 40% of workers did not

Table 2. Self-reported worker training levels, n (%).
All Multi-site Single site

N¼ 68
Hauling
(N¼ 36)

Landfill
(N¼ 15)

County/small
business (N¼ 17)

Respiratory protection program (yes) 6 (9%) 2 (6%) 4 (27%) 0 (0%)
Infection prevention in last year 19 (28%) 9 (25%) 7 (47%) 3 (18%)
Donning and doffing PPE in the last year 27 (40%) 14 (39%) 10 (67%) 3 (18%)
Selecting proper PPE 16 (24%) 6 (17%) 7 (47%) 3 (18%)
Determining if PPE is effective 48 (71%) 24 (67%) 14 (93%) 10 (60%)
Maximum time allowed in disposable PPE 11 (16%) 8 (22%) 1 (7%) 2 (12%)

Figure 1. Percent (%) of respondents who reported that personal protective equipment (PPE) is mandatory while performing
standard duties (grey bar) compared to the percent who reported PPE is made available to them by their employer by work site
(Hauling division – solid line; Landfill division – dotted line; County/small business – dashed line).
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know if they have a workplace health monitoring pro-
gram with the highest percentage amongst landfill
workers (60%) (see Table 3).

Discussion

This descriptive, cross-sectional pilot study character-
ized biohazard exposures, perceptions of those expo-
sures, and resources (e.g., PPE and training) among a
sample of formal solid U.S. waste workers at three
sites in Michigan. At the time of survey administra-
tion, COVID-19 had been declared a global pandemic
for nearly 18months (CDC 2021); yet approximately
one-third of workers reported not receiving infection
prevention training or training on PPE donning and
doffing in the last year. Since some solid waste work-
ers perform outdoor duties (e.g., landfill operations)
or have limited contact with colleagues and the gen-
eral public (e.g., driving garbage or recycling truck),
employers may perceive employee risk of contracting
COVID-19 and other infections as low and may not
have required additional or refresher training(s).
However, in a study assessing COVID-19 mortality
among working-age Californians, by industry and
occupation, those in transportation and logistics, and
facilities, such as waste management and remediation
services, had higher per-capita COVID-19 mortality
compared to non-essential workers (Chen et al. 2022).
This highlights that waste workers could benefit from
additional, in-depth training on mitigating and manag-
ing biohazards—whether this is internal (e.g., from
supervisors and management) or in partnership with

occupational and environmental health and safety
(OEHS) professionals—and periodic refresher trainings.

Regarding PPE and monitoring devices, most
employees, regardless of site type, wore safety vests/re-
flective clothing and steel-toed boots. Notably, landfill
workers consistently had PPE readily available more
than other sites for nearly all types of PPE. Hand pro-
tection (e.g., single-use gloves, puncture-use gloves)
was used less than half the time when performing
standard duties despite exposed hands being high risk
for cuts, abrasions, and surface- and cross-contamin-
ation. The use of gas monitors occurred predomin-
antly at the industrial landfill site to monitor toxic
gases generated by the landfill (Young and Parker
1983). The use of respiratory protection was limited,
and less than 10% of workers reported enrollment in
a site respiratory protection program (Occupational
Safety and Health Administration (OSHA) regulation
Respiratory Protection (29 CFR 1910.134)). However,
recent consensus frameworks by the National
Academies of Sciences, Engineering, and Medicine
have published methods to protect workers from
inhalation hazards that are not part of an RPP. The
COVID-19 pandemic exposed the risk of airborne
exposure to biological materials and the usefulness of
respiratory protection to the public. As employers
observed a rise in the voluntary use of respiratory
protection at work, even when the employer was not
required to provide such PPE workers, worker educa-
tion on best practices for respiratory protection, selec-
tion, use, maintenance care, and limitations is
recommended (NASEM 2022).

Table 3. Self-reported worker health, accidental exposure, follow-up with supervisor, and self-reported stress
n (%).

All Multi-site Single site

N¼ 68
Hauling
(N¼ 36)

Landfill
(N¼ 15)

County/small
business (N¼ 17)

Physical health
Poor 4 (6%) 2 (6%) 2 (13%) 0 (0%)
Fair 25 (37%) 12 (33%) 8 (54%) 5 (29%)
Good 29 (42%) 18 (50%) 3 (20%) 8 (47%)
Excellent 10 (15%) 4 (11%) 2 (13%) 4 (24%)
Mental health
Poor 6 (9%) 2 (6%) 2 (13%) 2 (12%)
Fair 22 (32%) 12 (33%) 5 (33%) 5 (29%)
Good 29 (43%) 14 (39%) 7 (47%) 8 (47%)
Excellent 11 (16%) 8 (22%) 1 (7%) 2 (12%)
Accidental needlestick injury (yes) 10 (15%) 8 (22%) 0 (0%) 2 (12%)
Reported to supervisor (yes) 6 (60%) 5 (63%) – 1 (50%)
Stress from reporting 6 (100%) 5 (100%) – 1 (100%)
Accidental laceration/cut (yes) 48 (71%) 23 (64%) 9 (60%) 16 (94%)
Reported to supervisor (yes) 33 (69%) 17 (74%) 5 (56%) 11 (69%)
Stress from reporting 21 (64%) 12 (70%) 5 (100%) 4 (36%)
Workplace health monitoring
Yes 18 (26%) 11 (31%) 3 (20%) 4 (24%)
I don’t know 27 (40%) 11 (31%) 9 (60%) 7 (41%)
No 23 (34%) 14 (38%) 3 (20%) 6 (35%)
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Due to potential exposure to blood and other
potentially infectious materials, many waste workers
require mandatory bloodborne pathogen (BBP) train-
ing as required by OSHA regulation 29 CFR
1910.1030 Bloodborne Pathogens. Despite occasional
contact with sharps (e.g., needles), feces, and bodily
fluids, approximately 28% of participants were not
concerned about exposures or the potential for illness,
and 53% were only slightly or moderately concerned.
This may be attributed to a lack of knowledge reten-
tion on BBP training, perceptions of occupational risk
that decrease as job tenure increases (Nichol et al.
2008), or complacency and/or lack of incentive to
maintain job skills and knowledge. Yet nearly three-
quarters of workers reported experiencing an acciden-
tal laceration or cut and almost two-thirds of those
affected reported feeling stress due to the cut/lacera-
tion. Solid waste workers may perceive the laceration
or cut as a physical exposure rather than biological
exposure and therefore the worker may be less con-
cerned. Nearly three-quarters of workers stated they
did not know whether a workplace post-exposure
health monitoring program existed. This may indicate
that workers do not fully understand the direct appli-
cation of training to job duties and that training out-
comes may need to be evaluated (e.g., using the
Kirkpatrick Model of Learning Evaluation) by work-
place leadership to determine if the training is elicit-
ing a reaction or opinion (e.g., useful, boring), which
is considered the lowest level of learning, or leading
to best practice learning, behavioral changes, and posi-
tive organizational changes, which is the highest level
of learning (Smidt et al. 2009). Furthermore, work-
place leadership and OEHS staff, if there are any
onsite or within the respective organizations, may
consider training modalities more suited for adult
learning (e.g., mobile, friendly online training mod-
ules, hands-on exercises) rather than lecture or verbal
information conveyed via daily huddles or toolbox
talks (Smidt et al. 2009).

Limitations

This study has several limitations. First, this study was
cross-sectional and therefore causation cannot be
inferred. Second, the sample size analyzed was rela-
tively small from a statistical perspective, and less
than 10% of the sites contacted agreed to participate.
Additionally, because site supervisors provided per-
mission for the researchers to collect worker data,
there is a potential for selection bias. There was also
the potential for recall bias since workers were asked

time-specific questions. Lastly, the study sites only
included three waste sites from southeast Michigan,
with one of each type, so generalizability to other
waste industry sectors (e.g., medical) and regions may
be limited.

Future research is needed to effectively address
solid waste worker health and well-being. A larger
and more geographically distributed sample size is
needed, as well as sampling from multiple sites with
the same characteristics (e.g., large industrial sites).
Due to the potential for recall bias, a prospective lon-
gitudinal study is warranted to further investigate the
effects of occupational biohazard exposures.
Furthermore, to better understand the efficacy, the
long-term effectiveness of training programs needs to
be analyzed (e.g., assessment of training modalities,
knowledge retention within this population, incorpor-
ation of linguistically appropriate training materials
for diverse solid waste worker worksites).

Conclusion

This study is the first, to the knowledge of the
authors, to characterize worker perceptions of biohaz-
ard exposures and levels of training and resources
among a sample of U.S. waste workers. For the occu-
pational and environmental health and safety practi-
tioner, this study demonstrates that this is an
industry, with both small- and large-scale industrial
worksites such as construction and manufacturing,
which may be underserved from an OEHS perspec-
tive. For the researcher and the solid waste industry,
this study highlights the need for additional research
on knowledge of exposure pathways and perceptions
of the severity of exposure among this occupational
group. By understanding solid waste worker percep-
tions of biohazard exposures, employers, practitioners,
and researchers can determine the next steps needed
to improve workplace safety and health and enhance
the knowledge, skills, and training of solid waste
workers to assist them in understanding the potential
severity of biological exposures and how to prevent,
mitigate, and manage such exposures.
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