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Abstract: Background: Solid waste workers are exposed to a plethora of occupational hazards and
may also experience work-related stress. Our study had three specific hypotheses: (1) waste workers
experience effort–reward imbalance (ERI) with high self-reported effort but low reward, (2) unionized
workers experience greater ERI, and (3) workers with higher income have lower ERI. Methods:
Waste workers from three solid waste sites in Michigan participated in this cross-sectional study. We
characterized perceived work stress using the short-version ERI questionnaire. Descriptive statistics
and linear tests for trend were assessed for each scale. Linear regression models were constructed
to examine the relationship between structural factors of work stress and ERI. Gradient-boosted
regression trees evaluated which factors of effort or reward best characterize workers’ stress. Results:
Among 68 participants, 37% of workers reported high effort and low reward from work (ERI > 1).
Constant pressure due to heavy workload was most indicative of ERI among the solid waste workers.
Union workers experienced 79% times higher ERI than non-unionized workers, while no significant
differences were observed by income, after adjusting for confounders. Conclusions: Organizational-
level interventions, such as changes related to workload, consideration of fair compensation, and
increased support from supervisors, can decrease work stress.

Keywords: effort–reward imbalance; psychosocial factors of work; waste workers; work stress

1. Introduction

Waste workers are exposed to a plethora of occupational hazards but remain an over-
looked worker population. Workplace exposures experienced by waste workers include
physical (e.g., heat and cold stress, musculoskeletal disorders), chemical (e.g., heavy metals,
methane, volatile organic compounds), and biological (e.g., human and animal bodily fluids
and excreta, fungi) exposures [1–3]. In the US, there are approximately 460,000 formal
workers who are part of the “Waste Management and Remediation Services” industry, as
classified by the Bureau of Labor Statistics. Subsectors within this industry are establish-
ments that provide local hauling of waste materials, manage healthcare waste, operate
materials recovery facilities (i.e., sort recyclables or e-waste from the trash stream), provide
remediation services (e.g., cleanup to contaminated sites), conduct septic pumping, and
provide other miscellaneous waste management services. Ultimately, the responsibilities of
workers fall under waste collection, waste treatment and disposal, or remediation and other
services; related worksites range from small-scale formal waste collection to large industrial
waste management services [4]. Waste workers in solid waste—waste generated from
non-hazardous industrial, commercial, and residential activities—comprise the majority
of this worker population in the US. In 2021, the number of total recordable injury and
illness cases per 100 full-time workers in the waste industry was 3.5 compared to 2.7 per
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100 full-time workers across all private industry employers, underscoring the occupational
hazards faced by waste workers [4,5].

It is well-established that occupational hazards and psychosocial factors related to
interactions between workers and their workplace environment influence physical and
mental health [6,7]. Psychosocial factors of work include but are not limited to perceived
work stress, burnout, work–family conflict, social support, decision latitude, job satisfaction,
job security, and team climate [6–9]. For example, in a sample of critical care nurses, Rahman
and colleagues found that stress, work–family conflict, and reward were good predictors of
work-related fatigue and that work fatigue directly influenced injury, illness, and medical
errors [9]. This demonstrates that psychosocial factors are indeed related to and can
exacerbate occupational exposures.

Given that waste workers encounter numerous hazards in the workplace, we expect
that they also experience work-related stress. Studies that have looked at psychosocial
factors of work among waste workers found the prevalence of perceived stress among
e-waste and solid waste workers to be high due to the nature of their work (e.g., ergonomic
challenges, exposure to chemicals, limited personal protective equipment use). However,
these studies were focused on West Africa and Southeast Asia [10–12]. To our knowledge,
there have been no studies focused on psychosocial factors among United States solid
waste workers, or among US waste workers overall.

In this study, we characterized perceived work stress among a sample of US waste
workers using the effort–reward-imbalance (ERI) questionnaire [13]. In the ERI work model,
chronic work-related stress results from the imbalance or non-reciprocity between high
effort expended and low reward received. In other words, work stress arises when there is
a perceived imbalance between high effort and low reward. Effort pertains to a worker’s
job demands and obligations; reward can comprise both tangible and intangible items
such as money, esteem, job security, and career opportunities [14,15]. The validated ERI
questionnaire has been used to measure perceived work stress in a variety of populations
(e.g., nurses, bus drivers, hotel housekeepers) to determine the contribution of structural
and organizational contributors of work-related stress, rather than individual-level factors
(e.g., sex, race/ethnicity) [16–22]. For our study, we had three specific hypotheses: (1) waste
workers experience effort–reward imbalance with high self-reported effort but low reward,
(2) workers who are part of a union experience greater effort–reward imbalance, and
(3) workers with higher income have lower effort–reward imbalance.

2. Materials and Methods
2.1. Study Participants

Adult waste workers, aged 18 and above, from three solid waste sites in Michigan were
recruited in this cross-sectional study in the fall of 2021 during the COVID-19 pandemic
through convenience and referral sampling. Research staff contacted and recruited site
supervisors of 39 solid waste sites throughout southeast Michigan using publicly available
contact information. Site supervisors who consented to participate assisted in recruitment
of their workers. Participants came from three diverse solid waste sites: (1) a local-level,
small-scale, family-owned waste disposal site providing hauling services where all workers
onsite participated in the study; (2) a county-level, recycling-only, waste management
authority where all workers onsite participated in the study; and (3) a large-scale industrial
waste management company with both hauling and landfill divisions where about half
of employees onsite participated in the study. While only the large-scale industrial waste
management company within the landfill division had unionized workers, not all landfill
division workers were unionized. Each participant was asked to provide information
on occupational biohazard exposures and levels of work stress. The extent to which the
waste industry could benefit from incorporating the National Institute for Occupational
Safety and Health (NIOSH) Total Worker Health (TWH) framework was also assessed. This
paper focuses specifically on the levels of work stress reported by participants. Participants
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received $40 as compensation. All study procedures were approved by the University of
Michigan Institutional Review Board (#HUM00202683).

2.2. Survey Questionnaire

Surveys were filled out either at the beginning or end of workers’ work shifts and
took approximately 20 minutes to complete 74 items. Demographics such as age, income,
work experience, and sex were collected. A part of the survey was dedicated to measuring
work stress through the short-version effort–reward imbalance (ERI) questionnaire [13].
The ERI short-version questionnaire, developed by Siegrist, Li, and Montano, has been
operationalized to determine workers’ self-reported effort, reward, and over-commitment
in various occupational settings [13]. This questionnaire consists of three scales validated for
their psychometric properties (e.g., scale reliability, factorial structure, convergent validity,
discriminant validity, criterion validity, sensitivity to change over time) and includes:
(1) a 3-item effort scale, (2) a 7-item reward scale, and (3) a 6-item over-commitment scale.
Each item is presented on a 4-point scale from “strongly disagree” to “strongly agree”.

2.3. Survey Items

Effort was measured by assessing whether workers felt constant time pressure due to
heavy workload (ERI1), had many interruptions/disturbances while performing their job
(ERI2), and if their job had become more demanding over the past few years (ERI3). Each
item was assigned a numeric value from 1 (“strongly disagree”) to 4 (“strongly agree”) and
summed to construct a participant-level effort score.

Four items from the reward scale were positively phrased, such as “I receive the
respect I deserve from my superior or a respective relevant person” and “Considering all
my efforts and achievements, my job promotion prospects are adequate.” The remaining
two items were negatively phrased, such as “My job promotion prospects are poor”, and
“I have experienced or I expect to experience an undesirable change in my work situation.”
Positively phrased items were assigned a numeric value from 1 (“strongly disagree”) to
4 (“strongly agree”), while negatively phrased items were reverse-scored. The sum of each
item was taken to construct a participant-level reward scale.

Effort and reward were examined in contrast to one another to construct an effort–
reward imbalance score using Equation (1), as defined by Siegrist, Li, and Montano:

ERI =
E

R × c
(1)

where E = effort score, R = reward score, and c = 5/11 as a correction factor for the unequal
number of items between the effort and reward scales. An ERI score = 1 signifies the same
effort for the same reward; ERI > 1 indicates more effort for each reward; and ERI < 1
indicates less effort for each reward. As previously mentioned, the ERI score has been used
as a proxy for work stress [18–20].

Negatively phrased over-commitment items included, “As soon as I get up in the
morning I start thinking about work problems” and “Work rarely lets me go; it is still on
my mind when I go to bed”, while one item, “When I get home, I can easily relax and
‘switch off’ work” was positively phrased. Negatively phrased items were assigned a
value from 1 (“strongly disagree”) to 4 (“strongly agree”), while the positively phrased
item was reverse-scored. All items were then summed by participants to construct an
over-commitment score.

2.4. Statistical Analyses

All data cleaning and statistical analyses were conducted in RStudio using R v3.6.3
(Boston, MA, USA). Cronbach’s alpha coefficients were calculated for the three scales to
assess internal reliability consistency. Item-total correlation coefficients were calculated to
examine the consistency of items defining their respective scale. Descriptive statistics were
computed for scores of each psychometric scale, along with exceedance fractions. Linear
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tests for trend were assessed for each scale when examining differences between groups
through linear regression models and treating the groups as numerical variables (threshold
of significance, two-sided p < 0.05). Bivariate and multivariate linear regression models
were constructed to examine the relationship between structural factors of work stress
(unionization, job site, and income) and ERI. Multivariate models were all adjusted for
work experience, education, and sex, all of which may impact work stress. ERI scores were
right-skewed (using a Shapiro–Wilk normality test, p < 0.05); as such, hypothesis testing
and regression models utilized log-transformed ERI scores to validate the assumptions of
linear regression. For this reason, relative risks (RRs) were assessed.

Lastly, gradient-boosted regression trees (BRTs) were incorporated to evaluate which
factors of effort or reward best characterize the stress waste workers experience [23]. BRTs
are a type of supervised machine learning that grows many regression trees in an iterative
manner. Each tree uses recursive binary splits in a top-down, greedy approach to select a
partition of a predictor that minimizes the error of the model. The depth of the tree can
be specified to indicate the degree of interaction between each predictor. In this case, an
interaction depth of two was specified to allow for two-way interactions between each
predictor. In this analysis, this process was repeated 500 times, such that 500 regression
trees were grown. However, no regression tree was run on information from all data
points. Rather, a random subset of 70% of data points was provided for each regression
tree. As such, the predictors chosen for each binary split are not always the same, as they
may not be the optimal partition for a given subset of the data. This helps to overcome
the shortcomings of a small sample size by simulating 500 random subsets of the study
population, which may mimic other workplace scenarios.

The number of times a predictor was chosen over the 500 trees and the amount of
error it removed from the model (weighted to the number of predictors) were combined so
that each predictor was assigned a relative influence score from 0–100%. A higher relative
influence score suggests that a particular predictor is more indicative of an outcome than
other predictors. In the context of this study, the effort and reward scale items with the
highest relative influence characterize the work stress among this population better than
items with lower relative influence. This methodology allowed for novel insights on what
factors are contributing the most to work stress across all waste workers sampled, as well
as which factors contributed the least.

3. Results
3.1. Participant Characteristics

A total of 68 workers were recruited. Most participants were male (87%) and between
35 and 54 years of age (40%). Most participants reported having a high school diploma
or GED (90%), with 40% reporting they had completed at least some college or higher
education or been to trade school. Only 12% of participants were relatively new to the
waste industry (<2 years of work experience). There was a roughly uniform distribution of
workers by income, although only 16% of workers reported being in a labor union (Table 1).

Table 1. Demographic information.

Scale N n (%)

Age 68
18–34 years 26 (38%)
35–54 years 27 (40%)
55+ 15 (22%)

Work experience 68
<2 years 8 (12%)
2–10 years 44 (65%)
11+ years 16 (23%)
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Table 1. Cont.

Scale N n (%)

Education 67
No high school diploma 6 (9%)
High school diploma/GED 34 (50%)
Some college or higher, or

trade school 27 (40%)

Sex (male) 68 59 (87%)
Union worker 68 11 (16%)
Job site 68

Small business waste 9 (13%)
Industrial waste-hauling 36 (53%)
County recycling 8 (12%)
Industrial waste-landfill 15 (22%)

Income 66
Low (<25 k–<50 k) 23 (34%)
Median (50 k–<75 k) 19 (28%)
High (75 k–>150 k) 24 (35%)

3.2. Scale Reliability

All Cronbach’s alpha coefficients were ≥0.80, the level indicating a satisfying level of
internal consistency. The over-commitment scale had the highest Cronbach’s
alpha (0.85, 95% CI: 0.75, 0.90), while the effort (0.80, 95% CI: 0.68, 0.89) and reward
(0.80, 95% CI: 0.68, 0.86) scales had the same level of internal reliability consistency. Item-
total correlation coefficients averaged 0.65 (SD = 0.03), with all coefficients above the thresh-
old of 0.3 defined by Siegrist, Li, and Montano [13]. Coefficients ranged from 0.60 to 0.72,
indicating substantial consistency of items defining their respective scales.

3.3. Work Stress

Summary responses to the psychometric scales are presented in Table 2. Average effort
(7.9 ± 2.4) and reward (19.6 ± 3.8) exceeded the midpoint of each scale (7.5 and 17.5, respec-
tively), with 60% and 72% of workers reporting excessive effort and reward, respectively.
However, average over-commitment (14.1 ± 3.8) was lower than the scale midpoint (15),
with only 1 in 3 (32%) workers reporting excessive over-commitment. Similarly, average
ERI (0.93 ± 0.39) was lower than 1, although values ranged from 0.26 to 2.20. Overall, 37%
of workers reported high effort and low reward from work (ERI > 1).

Table 2. Psychometric scale summaries.

Scale N Mean (SD) Min–Max

Effort (scale: 3–12) 68 7.9 (2.4) 3–12
Reward (scale: 7–28) 65 19.6 (3.8) 10–28
Over-commitment (scale: 6–24) 68 14.1 (3.8) 6–24
Effort–reward imbalance (ERI) 65 0.93 (0.39) 0.26–2.20

n (%)
Excessive effort (>7.5) 68 41 (60%)
Excessive reward (>17.5) 65 47 (72%)
Excessive over-commitment (>15) 68 22 (32%)
High effort, low reward (ERI > 1) 65 24 (37%)

Note: Higher values of effort, reward, and overcommitment indicate higher degrees of each respective item.
ERI = 1 indicates perfect balance between effort and reward; ERI > 1 indicates higher effort, lower reward; ERI < 1
indicates lower effort, higher reward.

3.4. Boosted Regression Trees

Figure 1 displays the relative influence of each effort and reward item on ERI. Constant
pressure at work due to heavy workload was the most indicative of ERI among the waste
workers (relative influence = 30.2%). Having many interruptions/disturbances while
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performing the job (24.6%) and the job becoming more and more demanding over the
past few years (16.6%) were the next two most indicative factors. A lack of respect from
superiors contributed the least to ERI (1%), along with inadequate job promotion prospects
(2.6%) and poor job security (2.8%).

Figure 1. Relative influence of respective effort and reward scale items on effort–reward imbalance.

3.5. Factors of Work Stress

Average responses to the ERI questionnaire by structural work factors such as union
status, job site, and income are presented in Table 3. Union workers reported significantly
higher effort (9.2 ± 1.7) than non-union workers (7.8 ± 2.4). Conversely, union workers
reported significantly lower reward (17.7 ± 4.0) than non-union workers (20.0 ± 3.7).

Table 3. Psychometric scales by union status, job site, and income.

Effort Reward OC ERI †

Variable N Range Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Union status
No 55–57 7.8 (2.4) 20.0 (3.7) 13.9 (3.8) 0.88 (0.35)
Yes 10–11 9.2 (1.7) 17.7 (4.0) 15.0 (4.0) 1.22 (0.47)

p-value (test for trend) p < 0.05 p < 0.05 p = 0.39 p < 0.05
Job site

Small business waste 9 7.3 (2.7) 22.1 (3.9) 14.2 (5.0) 0.75 (0.31)
Industrial

waste-hauling 34–36 7.7 (2.6) 19.5 (3.5) 13.8 (4.0) 0.89 (0.35)

County recycling 8 8.3 (1.9) 18.6 (3.5) 14.0 (2.5) 1.03 (0.39)
Industrial

waste-landfill 14–15 8.6 (2.0) 18.9 (4.1) 14.6 (3.6) 1.08 (0.48)

p-value (test for trend) p = 0.14 p = 0.09 p = 0.66 p < 0.05
Income

Low (<25 k–<50 k) 22–23 7.8 (2.4) 19.6 (3.1) 15.3 (4.2) 0.88 (0.30)
Median (50 k–<75 k) 18–19 7.5 (2.7) 19.8 (5.3) 15.3 (4.2) 0.95 (0.56)
High (75 k–>150 k) 23–24 8.5 (2.2) 19.8 (3.0) 13.6 (3.3) 0.97 (0.32)

p-value (test for trend) p = 0.36 p = 0.84 p = 0.14 p = 0.48

Note: OC—over-commitment; ERI—effort–reward imbalance; † Test for trend on log-transformed values.
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As such, ERI was significantly higher among union workers (1.22 ± 0.47) than non-
union workers (0.88 ± 0.35). Significant differences in effort, reward, and over-commitment
were not observed by job site, although significant differences were observed in ERI.
Small business waste workers reported the lowest ERI (0.75 ± 0.31), with both county
recyclers and landfill workers at an industrial recycling plant reporting average ERIs above
1 (1.03 ± 0.39 and 1.08 ± 0.48, respectively). No significant differences by income were
observed among the study population.

3.6. Regression Models

Results from bivariate and multivariate models of ERI by the structural factors
are presented in Table 4. Among the bivariate models, union workers reported 44%
(95% CI: 7%, 92%) higher ERI values than non-union workers. Similarly, landfill workers
at the large industrial site reported 44% (0%, 109%) higher ERI values than small business
waste. No significant RRs were observed by differences in income.

Table 4. Relative risk (RR) of structural factors of effort–reward imbalance (ERI) †.

Bivariate
Models

Multivariate Models ††

Model 1 Model 2 Model 3

Variable RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)

Union worker
No (ref) 1 1 1 1
Yes 1.44 (1.07, 1.92) 1.44 (1.06, 1.97) 1.76 (1.05, 2.98) 1.79 (1.04, 3.08)

Job site
Small business waste (ref) 1 – 1 1
Industrial waste-hauling 1.19 (0.86, 1.64) – 1.16 (0.83, 1.62) 1.18 (0.83, 1.69)
County recycling 1.41 (0.93, 2.15) – 1.35 (0.86, 2.12) 1.50 (0.92, 2.45)
Industrial waste-landfill 1.44 (1.00, 2.09) – 0.93 (0.53, 1.62) 0.95 (0.51, 1.76)

Income (US dollars)
Low (<25 k–<50 k) (ref) 1 – – 1
Median (50 k–<75 k) 0.98 (0.74, 1.30) – – 0.87 (0.64, 1.18)
High (75 k–>150 k) 1.10 (0.84, 1.44) – – 0.92 (0.65, 1.33)

† ERI was log-transformed for normality; †† Multivariate models adjusted for work experience, education,
and sex.

After adjusting for work experience, education, and sex, union workers still signif-
icantly reported 44% (95% CI: 6%, 97%) higher ERI than non-union workers (Model 1).
The RR for union increased to 76% (95% CI: 5%, 198%) after further controlling for job
site (Model 2). When adjusting for other covariates, landfill workers at an industrial plant
no longer reported significantly higher ERI than other job sites. After further adjustment
for income, union workers reported 79% (95% CI, 4%, 208%) higher ERI than non-union
workers (Model 3).

4. Discussion

The purpose of this cross-sectional study was to explore work stress by using the ERI
questionnaire among a sample of US solid waste workers in the state of Michigan [13].
To the authors’ knowledge, this is the first published study that has explored ERI as an
outcome among formal US solid waste workers—an overlooked but essential worker
population. The ERI scale remained reliable among this worker population, with high
reliability for effort, reward, and overcommitment as well as high item-total correlation
coefficients. Nearly two-thirds of respondents indicated excessive effort at work but over
three-quarters reported sufficient reward. Self-reported overcommitment was not notable
in this worker population.

With an ERI of nearly one, it appears the typical solid waste worker from our study
population felt appropriately rewarded/compensated for their endeavors. However, this
does not disprove our first hypothesis that waste workers experience ERI due to great
effort but low reward, because nearly 40% of workers had an ERI equal to or greater than
one. In a study of ERI among municipal solid waste workers in Taiwan, with a focus on
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musculoskeletal disorders, the prevalence of upper back and hand/wrist disorders was
consistently associated with an ERI equal to or greater than one. Even after adjusting for
age, education, marital status, and job title, upper back and hand/wrist disorders were
significantly higher for the ERI equal to or greater than one group [24]. This suggests that an
ERI greater than or equal to one among waste workers—including our study population—
has repercussions beyond perceptions of unfairness, such as musculoskeletal disorders,
which are known to be impacted psychosocial factors [7,25], as found by Lin and colleagues
in the sample of Taiwanese solid waste workers [24].

From the boosted regression trees, the top three contributors to ERI among this waste
worker population were constant pressure, interruptions during work, and work becoming
more demanding over the past 3 years. Anecdotally, the owners of the local, small-scale
waste disposal site discussed how business has increased during the COVID-19 pandemic.
With more people at home generating trash (e.g., food waste, paper waste, household con-
struction waste, cleaning products) and more personal protective equipment (PPE) being
used by the general public (e.g., surgical masks, gloves, N95s), the family-owned waste
company noted increased work hours, increased workdays, and increased workload. Stud-
ies on waste workers in other nations during COVID-19 have also found heavier workloads
and greater psychological distress among formal and informal solid waste workers [26–28].

Interestingly in the bivariate model, despite the increased workload, waste workers
from the small, local, family-owned business reported putting in less effort for the rewards
they received compared to their counterparts. Those working at the county recycling
facility and industrial, corporate waste site had higher ERI. While no existing studies have
explicitly compared the ERI of small business employees to large business employees, and
this study lacks the sample size for such a comparison, the literature does support that small
companies/enterprises typically have employees with higher self-reported job satisfaction
and happiness, even with lower salaries. Determinants of greater satisfaction and happiness
among small- and medium-business employees compared to large businesses include direct,
supportive relationships with supervisors and colleagues, more independence in shaping
their job role, increased fulfillment, and greater recognition [29–31].

Union workers reported higher effort with lower reward, even after adjusting for
job site, income, and other covariates, compared to their non-unionized counterparts at
the large industrial solid waste site. This validates our second hypothesis that unionized
workers experience greater ERI. This may be attributed to the historically contentious
relationships between unions and employers [32–34]. Furthermore, unionized workers
tend to be provided with greater education and awareness around labor rights and work-
ing conditions; union organizations often advocate for minimum safety and health stan-
dards [35–40]. An article by Le and colleagues on the association between union member-
ship and perceptions of safety climate among US adult workers across industries found
that unionized workers had worse perceptions of their workplace safety climate compared
to non-unionized workers [41]. However, the approach to addressing ERI should not be
to discourage union membership as there are known benefits of it (e.g., higher wages,
safer working conditions) [42]. Unionization movements have gained traction during the
COVID-19 pandemic due to inadequate pay and protections relative to working condi-
tions and responsibilities [43,44]. This provides all businesses, including those in solid
waste, with an opportunity to assess current reward and compensation systems, and areas
for improvement.

When controlling for job sites and other covariates, income resulted in no differences
in ERI between the three waste sites, disproving our last hypothesis that workers with
higher income would have lower ERI. Even though it was not statistically significant, the
trend increased positively for ERI with income. A study by Kêdoté and colleagues found a
relationship between increased perceived stress and insufficient income among e-waste
workers [11]. However, this study was conducted among informal e-waste workers in
West Africa where the workers struggled to meet personal basic and familial needs such as
nutrition, housing, and health. As such, this context is not comparable to our sample of
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US waste workers who earn above poverty level and are afforded protections through the
Occupational Safety and Health Administration (OSHA).

Addressing ERI among solid waste workers is not only beneficial for the employees,
but also for employers. In other worker populations, ERI was found to have signifi-
cant relationships with turnover intention, perceived organizational support, overall em-
ployee wellbeing, and job satisfaction [45–47]. For solid waste employers and occupational
health practitioners seeking to mitigate worker stress, organizational-level interventions
are needed to address ERI. Examples of organization-based interventions may include the
following: administrative-level changes related to workload (e.g., length of pickup routes,
length of shifts) to alleviate constant pressure and decrease interruptions during work; con-
sideration of compensation provided to solid waste workers commensurate with their high
occupational effort; improving prospects for promotion, higher wages, career advancement,
and fulfillment; incorporating activities or policy changes that foster an increased sense of
support from supervisors and coworkers; and provision of worker health and wellbeing
promotion programs, as well as mental health services [48–50].

Limitations

This study is not without limitations. First, this study was cross-sectional and therefore
causation cannot be inferred. Second, from a statistical perspective, the sample size ana-
lyzed was relatively small. Third, there is a potential for selection bias as site supervisors
had to consent to participate for the study team to sample the workers. Fourth, the study
population only encompassed volunteer workers from three solid waste sites—with only
one type of each site—within Michigan, which may impact true comparisons between site
types, and generalizability to other sectors of the waste industry (e.g., medical waste) and
to other geographical areas. Fifth, from the sample, less than a dozen were unionized and
all came from the same worksite, which would likely influence ERI.

Since this study had a small sample size with which to determine ERI among waste
workers, future research should attempt to recruit a larger sample with multiples of each
type of waste site, instead of one of each kind. Additionally, because unionized workers
had higher ERI than their non-union counterparts, we recommend further investigating
differences in perceptions of ERI through qualitative methods to further elucidate key
themes that differentiate these two subpopulations beyond union status. Comparisons of
ERI pre- and post-union status could also provide additional insight; union membership
may lead to a decreased ERI even if it still exists. Furthermore, a comparison of ERI between
small and medium businesses versus large businesses may provide greater insight into
how organization size impacts work stress, as well as differences in ERI, between formal
waste management sectors (e.g., e-waste, medical waste). This is warranted as it is currently
lacking in the literature. Finally, the imbalance between workload and reward may result
in poor physical health [15,19]. Thus, we propose a more detailed investigation about
the relationship between ERI and physical health outcomes, controlling for lifestyle and
pre-existing conditions among formal US solid waste workers.

5. Conclusions

Waste workers play a critical role in our society but are often overlooked despite the
occupational hazards and demanding working conditions they encounter. Work-related
stress among solid waste workers, as measured by ERI, can potentially be mitigated by
organizational-level changes, such as increasing reward, alleviating constant pressure, and
decreasing work demands. This study shows the need for assessment of psychosocial
factors of work among employees in the waste industry.

Author Contributions: Conceptualization, A.B.L., S.G.G. and R.L.N.; methodology, A.B.L., A.S. and
R.L.N.; data collection, A.B.L. and A.C.S. formal analysis, A.S.; writing—original draft preparation,
A.B.L. and A.S.; writing—review and editing, A.C.S., A.T., S.G.G. and R.L.N.; supervision, A.B.L. and
R.L.N.; project administration, A.B.L.; funding acquisition, A.B.L. All authors have read and agreed
to the published version of the manuscript.



Int. J. Environ. Res. Public Health 2022, 19, 6791 10 of 12

Funding: This research was funded by the National Institute for Occupational Safety and Health
(NIOSH) Pilot Project Research Training Program (PPRTP) through the University of Michigan
Education Research Center (ERC) (5 T42 OH008455-17-00). The content of this work is the sole
responsibility of the authors and does not represent the views of the Centers for Disease Control and
Prevention or NIOSH.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki, and approved by the Institutional Review Board of the University of Michigan
(Protocol ID HUM00202683) on 26 August 2021, for studies involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy and confidentiality measures
outlined in the approved IRB application.

Acknowledgments: We thank the site supervisors and workers at solid waste facilities in southeast
Michigan for collaborating with us on this research. We also thank Jason Golec, Master of Public
Health candidate in the Department of Environmental Health Sciences at the University of Michigan,
for his assistance with site recruitment.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. An, H.; Englehardt, J.; Fleming, L.; Bean, J. Occupational Health and Safety amongst Municipal Solid Waste Workers in Florida.

Waste Manag. Res. 1999, 17, 369–377. [CrossRef]
2. Dorevitch, S.; Marder, D. Occupational Hazards of Municipal Solid Waste Workers. Occup. Med. 2001, 16, 125–133. [PubMed]
3. Fleming, L.E.; Bean, J.A.; Englehardt, J.; An, J.; Danits, M.; John, N.; Rogers, J. Solid Waste Workers: Occupational Exposures and

Health. J. Solid Waste Technol. Manag. 2002, 28, 79–96.
4. Bureau of Labor Statistics. Industries at a Glance: Waste Management and Remediation Services: NAICS 562. Available online:

https://www.bls.gov/iag/tgs/iag562.htm (accessed on 31 March 2022).
5. Bureau of Labor Statistics. Injuries, Illnesses, and Fatalities. Available online: https://data.bls.gov/cgi-bin/dbdown/ch (accessed

on 13 May 2021).
6. Bonde, J.P.E. Psychosocial Factors at Work and Risk of Depression: A Systematic Review of the Epidemiological Evidence. Occup.

Environ. Med. 2008, 65, 438–445. [CrossRef]
7. Bongers, P.M.; de Winter, C.R.; Kompier, M.A.; Hildebrandt, V.H. Psychosocial Factors at Work and Musculoskeletal Disease.

Scand. J. Work Environ. Health 1993, 19, 297–312. [CrossRef]
8. Hoogendoorn, W.E.; van Poppel, M.N.; Bongers, P.M.; Koes, B.W.; Bouter, L.M. Systematic Review of Psychosocial Factors at

Work and Private Life as Risk Factors for Back Pain. Spine 2000, 25, 2114–2125. [CrossRef]
9. Rahman, H.A.; Abdul-Mumin, K.; Naing, L. A Study into Psychosocial Factors as Predictors of Work-Related Fatigue. Br. J. Nurs.

2016, 25, 757–763. [CrossRef]
10. Burns, K.N.; Sayler, S.K.; Neitzel, R.L. Stress, Health, Noise Exposures, and Injuries among Electronic Waste Recycling Workers in

Ghana. J. Occup. Med. Toxicol. 2019, 14, 1–11. [CrossRef]
11. Kêdoté, N.M.; Sopoh, G.E.; Tobada, S.B.; Darboux, A.J.; Fonton, P.; Sanon Lompo, M.S.; Fobil, J. Perceived Stress at Work and

Associated Factors among E-Waste Workers in French-Speaking West Africa. Int. J. Environ. Res. Public Health 2022, 19, 851.
[CrossRef]

12. Nguyen, Q.T.; Nguyen, B.V.; Do, H.T.T.; Nguyen, B.N.; Nguyen, V.T.; Vu, S.T.; Tran, T.T.T. Psychological Stress and Associated
Factors among Municipal Solid Waste Collectors in Hanoi, Vietnam: A Cross-Sectional Study. PLoS ONE 2021, 16, e0254355.
[CrossRef]

13. Siegrist, J.; Li, J.; Montano, D. Psychometric Properties of the Effort-Reward Imbalance Questionnaire. Available online:
https://www.uniklinik-duesseldorf.de/fileadmin/Fuer-Patienten-und-Besucher/Kliniken-Zentren-Institute/Institute/
Institut_fuer_Medizinische_Soziologie/Dateien/ERI/ERI_Psychometric-New.pdf (accessed on 31 March 2022).

14. Siegrist, J.; Starke, D.; Chandola, T.; Godin, I.; Marmot, M.; Niedhammer, I.; Peter, R. The Measurement of Effort–Reward
Imbalance at Work: European Comparisons. Soc. Sci. Med. 2004, 58, 1483–1499. [CrossRef]

15. Siegrist, J. Adverse Health Effects of High-Effort/Low-Reward Conditions. J. Occup. Health Psychol. 1996, 1, 27. [CrossRef]
16. Aust, B.; Peter, R.; Siegrist, J. Stress Management in Bus Drivers: A Pilot Study Based on the Model of Effort–Reward Imbalance.

Int. J. Stress Manag. 1997, 4, 297–305. [CrossRef]

http://doi.org/10.1177/0734242X9901700505
http://www.ncbi.nlm.nih.gov/pubmed/11107229
https://www.bls.gov/iag/tgs/iag562.htm
https://data.bls.gov/cgi-bin/dbdown/ch
http://doi.org/10.1136/oem.2007.038430
http://doi.org/10.5271/sjweh.1470
http://doi.org/10.1097/00007632-200008150-00017
http://doi.org/10.12968/bjon.2016.25.13.757
http://doi.org/10.1186/s12995-018-0222-9
http://doi.org/10.3390/ijerph19020851
http://doi.org/10.1371/journal.pone.0254355
https://www.uniklinik-duesseldorf.de/fileadmin/Fuer-Patienten-und-Besucher/Kliniken-Zentren-Institute/Institute/Institut_fuer_Medizinische_Soziologie/Dateien/ERI/ERI_Psychometric-New.pdf
https://www.uniklinik-duesseldorf.de/fileadmin/Fuer-Patienten-und-Besucher/Kliniken-Zentren-Institute/Institute/Institut_fuer_Medizinische_Soziologie/Dateien/ERI/ERI_Psychometric-New.pdf
http://doi.org/10.1016/S0277-9536(03)00351-4
http://doi.org/10.1037/1076-8998.1.1.27
http://doi.org/10.1023/B:IJSM.0000008709.11196.19


Int. J. Environ. Res. Public Health 2022, 19, 6791 11 of 12

17. Dragano, N.; Siegrist, J.; Nyberg, S.T.; Lunau, T.; Fransson, E.I.; Alfredsson, L.; Bjorner, J.B.; Borritz, M.; Burr, H.; Erbel, R.; et al.
Effort–Reward Imbalance at Work and Incident Coronary Heart Disease: A Multicohort Study of 90,164 Individuals. Epidemiology
2017, 28, 619. [CrossRef]

18. Siegrist, J.; Wege, N.; Pühlhofer, F.; Wahrendorf, M. A Short Generic Measure of Work Stress in the Era of Globalization:
Effort–Reward Imbalance. Int. Arch. Occup. Environ. Health 2009, 82, 1005–1013. [CrossRef]

19. Siegrist, J.; Li, J. Associations of Extrinsic and Intrinsic Components of Work Stress with Health: A Systematic Review of Evidence
on the Effort-Reward Imbalance Model. Int. J. Environ. Res. Public Health 2016, 13, 432. [CrossRef]

20. Tsutsumi, A.; Kawakami, N. A Review of Empirical Studies on the Model of Effort–Reward Imbalance at Work: Reducing
Occupational Stress by Implementing a New Theory. Soc. Sci. Med. 2004, 59, 2335–2359. [CrossRef]

21. Weyers, S.; Peter, R.; Boggild, H.; Jeppesen, H.J.; Siegrist, J. Psychosocial Work Stress Is Associated with Poor Self-Rated Health in
Danish Nurses: A Test of the Effort–Reward Imbalance Model. Scan. J. Caring Sci. 2006, 20, 26–34. [CrossRef]

22. Rosemberg, M.-A.S.; Li, Y. Effort-Reward Imbalance and Work Productivity among Hotel Housekeeping Employees: A Pilot
Study. Workplace Health Saf. 2018, 66, 516–521. [CrossRef]

23. Friedman, J.; Hastie, T.; Tibshirani, R. Additive Logistic Regression: A Statistical View of Boosting (with Discussion and a
Rejoinder by the Authors). Ann. Stat. 2000, 28, 337–407. [CrossRef]

24. Lin, W.-Y.; Yang, C.-L.; Huang, W.-P.; Tseng, P.-C.; Kuo, H.-W. Moderating and Mediating Effects of Over-Commitment on the
Association between Effort–Reward Imbalance (ERI) with Upper Back and Hand/Wrist Disorders in Municipal Solid Waste
Collectors. J. Pain Res. 2022, 15, 455. [CrossRef]

25. Lang, J.; Ochsmann, E.; Kraus, T.; Lang, J.W. Psychosocial Work Stressors as Antecedents of Musculoskeletal Problems: A
Systematic Review and Meta-Analysis of Stability-Adjusted Longitudinal Studies. Soc. Sci. Med. 2012, 75, 1163–1174. [CrossRef]

26. Deguchi, M.; Chie, M. Voices of Sanitation Workers in Japan amidst the COVID-19 Pandemic. Asia-Pac. J. 2020, 18, 5485.
27. Haque, M.R.; Khan, M.M.A.; Rahman, M.M.; Rahman, M.S.; Begum, S.A. Mental Health Status of Informal Waste Workers during

the COVID-19 Pandemic in Bangladesh. PLoS ONE 2022, 17, e0262141. [CrossRef]
28. Patwary, M.M.; Hossain, M.R.; Shuvo, F.K.; Ashraf, S.; Sultana, R.; Alam, M.A. Protecting Sanitation Workers in Low-Middle

Income Countries amid COVID-19. Ann. Work Expo. Health 2021, 65, 492–493. [CrossRef]
29. Block, J.H.; Millán, J.M.; Roman, C.; Zhou, H. Job Satisfaction and Wages of Family Employees. Entrep. Theory Pract. 2015,

39, 183–207. [CrossRef]
30. Magnier-Watanabe, R.; Benton, C.F.; Uchida, T.; Orsini, P. Designing Jobs to Make Employees Happy? Focus on Job Satisfaction

First. Soc. Sci. Jpn. J. 2019, 22, 85–107. [CrossRef]
31. Millán, J.M.; Hessels, J.; Thurik, R.; Aguado, R. Determinants of Job Satisfaction: A European Comparison of Self-Employed and

Paid Employees. Small Bus. Econ. 2013, 40, 651–670. [CrossRef]
32. Hagedorn, J.; Paras, C.A.; Greenwich, H.; Hagopian, A. The Role of Labor Unions in Creating Working Conditions That Promote

Public Health. Am. J. Public Health 2016, 106, 989–995. [CrossRef]
33. Kimeldorf, H. Bringing Unions Back in (or Why We Need a New Old Labor History). Labor Hist. 1991, 32, 91–103. [CrossRef]
34. Morris, R.B. Government and Labor in Early America; Columbia University Press: New York, NY, USA, 1946.
35. Barling, J.; Kelloway, E.K.; Bremermann, E.H. Preemployment Predictors of Union Attitudes: The Role of Family Socialization

and Work Beliefs. J. Appl. Psychol. 1991, 76, 725. [CrossRef]
36. Baugher, J.E.; Roberts, J.T. Perceptions and Worry about Hazards at Work: Unions, Contract Maintenance, and Job Control in the

US Petrochemical Industry. Ind. Relat. 1999, 38, 522–541. [CrossRef]
37. Fenn, P.; Ashby, S. Workplace Risk, Establishment Size and Union Density. Br. J. Ind. Relat. 2004, 42, 461–480. [CrossRef]
38. Kelloway, E.K. Labor Unions and Occupational Safety: Conflict and Cooperation. In The Psychology of Workplace Safety; Barling, J.,

Frone, M.R., Eds.; American Psychological Association: Washington, DC, USA, 2004; pp. 249–264.
39. Mishel, L. Unions, Inequality, and Faltering Middle-Class Wages. Available online: https://www.epi.org/publication/ib342

-unions-inequality-faltering-middle-class/ (accessed on 31 March 2022).
40. Sinclair, R.R.; Martin, J.E.; Sears, L.E. Labor Unions and Safety Climate: Perceived Union Safety Values and Retail Employee

Safety Outcomes. Accid. Anal. Prev. 2010, 42, 1477–1487. [CrossRef]
41. Le, A.B.; Wong, S.-W.; Lin, H.-C.; Smith, T.D. The Association between Union Membership and Perceptions of Safety Climate

among US Adult Workers. Saf. Sci. 2021, 133, 105024. [CrossRef]
42. Rosner, D.; Markowitz, G. A Short History of Occupational Safety and Health in the United States. Am. J. Public Health 2020,

110, 622–628. [CrossRef]
43. Brandl, B. The Cooperation between Business Organizations, Trade Unions, and the State during the COVID-19 Pandemic: A

Comparative Analysis of the Nature of the Tripartite Relationship. Ind. Relat. 2021. [CrossRef]
44. McNicholas, C.; Rhinehart, L.; Poydock, M.; Shierholz, H.; Perez, D. Why Unions Are Good for Workers—Especially

in a Crisis like COVID-19: 12 Policies That Would Boost Worker Rights, Safety, and Wages. Available online: https:
//www.epi.org/publication/why-unions-are-good-for-workers-especially-in-a-crisis-like-covid-19-12-policies-that-would-
boost-worker-rights-safety-and-wages/ (accessed on 31 March 2022).

45. Kinnunen, U.; Feldt, T.; Mäkikangas, A. Testing the Effort-Reward Imbalance Model among Finnish Managers: The Role of
Perceived Organizational Support. J. Occup. Psychol. 2008, 13, 114. [CrossRef]

46. Devonish, D. Effort-Reward Imbalance at Work: The Role of Job Satisfaction. Pers. Rev. 2018, 47, 319–333. [CrossRef]

http://doi.org/10.1097/EDE.0000000000000666
http://doi.org/10.1007/s00420-008-0384-3
http://doi.org/10.3390/ijerph13040432
http://doi.org/10.1016/j.socscimed.2004.03.030
http://doi.org/10.1111/j.1471-6712.2006.00376.x
http://doi.org/10.1177/2165079918755803
http://doi.org/10.1214/aos/1016218223
http://doi.org/10.2147/JPR.S345552
http://doi.org/10.1016/j.socscimed.2012.04.015
http://doi.org/10.1371/journal.pone.0262141
http://doi.org/10.1093/annweh/wxaa128
http://doi.org/10.1111/etap.12035
http://doi.org/10.1093/ssjj/jyy040
http://doi.org/10.1007/s11187-011-9380-1
http://doi.org/10.2105/AJPH.2016.303138
http://doi.org/10.1080/00236569100890041
http://doi.org/10.1037/0021-9010.76.5.725
http://doi.org/10.1111/0019-8676.00142
http://doi.org/10.1111/j.1467-8543.2004.00325.x
https://www.epi.org/publication/ib342-unions-inequality-faltering-middle-class/
https://www.epi.org/publication/ib342-unions-inequality-faltering-middle-class/
http://doi.org/10.1016/j.aap.2009.11.003
http://doi.org/10.1016/j.ssci.2020.105024
http://doi.org/10.2105/AJPH.2020.305581
http://doi.org/10.1111/irel.12300
https://www.epi.org/publication/why-unions-are-good-for-workers-especially-in-a-crisis-like-covid-19-12-policies-that-would-boost-worker-rights-safety-and-wages/
https://www.epi.org/publication/why-unions-are-good-for-workers-especially-in-a-crisis-like-covid-19-12-policies-that-would-boost-worker-rights-safety-and-wages/
https://www.epi.org/publication/why-unions-are-good-for-workers-especially-in-a-crisis-like-covid-19-12-policies-that-would-boost-worker-rights-safety-and-wages/
http://doi.org/10.1037/1076-8998.13.2.114
http://doi.org/10.1108/PR-08-2016-0218


Int. J. Environ. Res. Public Health 2022, 19, 6791 12 of 12

47. Derycke, H.; Vlerick, P.; Burnay, N.; Decleire, C.; D’Hoore, W.; Hasselhorn, H.-M.; Braeckman, L. Impact of the Effort–Reward
Imbalance Model on Intent to Leave among Belgian Health Care Workers: A Prospective Study. J. Occup. Organ. Psychol. 2010,
83, 879–893. [CrossRef]

48. Burke, R.J. Organizational-Level Interventions to Reduce Occupational Stressors. Work Stress 1993, 7, 77–87. [CrossRef]
49. Tetrick, L.E.; Winslow, C.J. Workplace Stress Management Interventions and Health Promotion. Annu. Rev. Organ. Psychol. Organ.

Behav. 2015, 2, 583–603. [CrossRef]
50. Nielsen, K.; Randall, R. Opening the Black Box: Presenting a Model for Evaluating Organizational-Level Interventions. Eur. J.

Work Organ. Psychol. 2013, 22, 601–617. [CrossRef]

http://doi.org/10.1348/096317909X477594
http://doi.org/10.1080/02678379308257051
http://doi.org/10.1146/annurev-orgpsych-032414-111341
http://doi.org/10.1080/1359432X.2012.690556

	Introduction 
	Materials and Methods 
	Study Participants 
	Survey Questionnaire 
	Survey Items 
	Statistical Analyses 

	Results 
	Participant Characteristics 
	Scale Reliability 
	Work Stress 
	Boosted Regression Trees 
	Factors of Work Stress 
	Regression Models 

	Discussion 
	Conclusions 
	References

