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Abstract

Characterizing drug use incidents on transit vehicles and its impact on transit operators
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Chair of the Supervisory Committee:
Marissa G. Baker

Department of Environmental and Occupational Health Sciences

Drug misuse, specifically of synthetic opioids and methamphetamines, has increased in the
United States, often occurring on public transit, creating potential for secondhand exposure for
transit operators. These exposures could result in physical or mental health impacts. Here, we
characterize drug use incidents on transit vehicles and its impacts on transit operators. Using a
quantitative survey of transit operators in the Pacific Northwest, we fit ordinal logistic regression
models to investigate transit operators’ perceived risk of workplace exposure to drug use
incidents, occupational stress, and job satisfaction, and their association with intent to leave their
job. We found that higher perceived risk scores were significantly positively associated with

greater intent to leave (OR: 1.08; 95% CI: 1.02, 1.14), but occupational stress and job



satisfaction, which were significantly associated with greater intent to leave, attenuated this

relationship.

We subsequently conducted qualitative interviews of transit operators to explore their
experiences with passenger drug use, risk perceptions, impacts, availability and effectiveness of
existing supports and guidance pertaining to passenger drug use, and whether there are
unfulfilled needs in these supports. Interviewees reported physical health effects, mental health
outcomes, and emotional impacts. Risk perceptions of passenger drug use were prevalent and
may be exacerbated by outrage factors. Operators reported a lack of support from their agencies,

and highlighted engineering controls as an effective intervention that is currently unfulfilled.

We then examined temporal and weather-related trends in drug use on transit, based on previous
transit operator concerns that people who use drugs (PWUD) seek transit vehicles as shelter to
escape from inclement weather. Using a dataset of drug use incidents reported by transit
operators in King County, Washington, in 2022, we fit a Poisson regression model to understand
the association between daily incident count and daily weather patterns. Reported drug use
incidents showed clear temporal trends, with a higher frequency of incidents in winter and spring
than in summer; April had the highest mean daily incident count of 7.3 incidents/day. Higher
temperature was significantly associated with lower incident count (IRR: 0.96; 95% CI: 0.95,

0.97).

The work presented here highlights the impacts of drug use incidents on transit operators, and
can help guide the development and timely deployment of interventions that can improve the

work experiences of transit operators.
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Chapter 1: Introduction

In recent years, trends in drug misuse in the United States have changed, including increasing
prominence of synthetic opioids such as fentanyl and high rates of methamphetamine misuse.'~
In the Pacific Northwest, this drug use often occurs in public indoor spaces, such as public transit
vehicles.® Transit systems are a vital component of a city’s infrastructure, playing a crucial role
in moving people throughout communities. In 2023, transit systems in Washington (WA) and
Oregon (OR) states served over 280 million passenger trips.” As transit ridership increases and
recovers to pre-pandemic rates,® ensuring the health and safety of both transit workers’ and the

riding public is crucial to provide safe and effective service to communities.

Research has shown potential secondhand exposure for transit operators to drugs smoked by
riders.” In an exposure assessment of air and surfaces in public transit vehicles in the Pacific
Northwest,? fentanyl residue was found in 25% of air samples and 46% of surface samples, while
methamphetamine was found in all air samples and nearly all surface samples. Of note, one
sample found in the passenger area in trains contained a fentanyl concentration higher than the 8-
hr-time-weighted average (8-hr TWA) Threshold Limit Value (TLV) adopted by the American
Conference of Governmental Industrial Hygienists (ACGIH)!® of 0.1 pg/m? in inhalable dust;
however, the samples in this study were taken for 4 hours (and assumed to be representative of 8
hours), and sampled total dust rather than inhalable dust, affecting comparability to the ACGIH
guideline. Given the high rate of drug detection and the presence of an air sample that exceeded
an exposure guideline in this exposure assessment, these findings indicate a need for further

investigation into the impacts that secondhand drug exposures have on transit operators.



Transit operators spend more hours in transit vehicles than riders and therefore may experience
greater impacts to health due to secondhand exposure to passenger drug use. Operators have
reported health outcomes related to drug incidents aboard their vehicles; some operators have
needed to take time off from work and have filed for workers’ compensation attributed to
passenger drug use incidents.!'!"!? Transit operators are already routinely exposed to other
physical and psychosocial exposures that may negatively impact their health, such as long hours

3 seat vibration,'* and high levels of work-related stress.!> These exposures can be

spent sitting, !
exacerbated by witnessing drug-related critical incidents at work such as overdoses, which can
be distressing and therefore impact mental health.!®"!® Furthermore, passengers under the
influence of drugs can display unpredictable behaviors, leading to potentially dangerous
interactions between operators and passengers; in addition to the physical safety hazards posed
by such interactions, passenger violence can exacerbate existing work-related stressors and
impact mental health.!”?! Reducing exposure to work-related stressors is not only important for

operator health and safety,?? but also for the community they serve, as operators are ultimately

responsible for the safety of everyone on their vehicle.

In addition to the impacts on transit operators, risk perceptions of secondhand drug exposure,
particularly fentanyl, remain high,?*%’ despite research indicating low risk of toxicity associated
with secondhand exposures.?® Perceived risk refers to an individual’s beliefs about their
vulnerability to a potential hazard, and is typically characterized by perceived risk severity (the
believed magnitude of risk to health) and perceived risk susceptibility (the believed likelihood of
exposure) to the hazard.? Research has yet to investigate perceived risk of drug exposures
among transit operators, but in front-line workers who respond to opioid overdose incidents,

there remains concern of exposure to fentanyl despite low risk of toxicity associated with



occupational exposures.?® This has led to a phenomenon where the expectation of negative health
effects results in real symptoms?®>%; however, it remains unclear if these symptoms are directly
caused by fentanyl toxicity.’! Individuals’ perceived risk is also influenced by outrage factors
(i.e., emotional aspects of risk that influence how people perceive risk).?? In the context of transit
operators, outrage factors such as voluntariness (whether the exposure is imposed or voluntary),
fairness (whether the exposure is equally distributed, or unique to a given population), process
(whether employer decision-making seems fair to the worker, and decisions address worker
concerns), and morality may impact transit operators’ perceived risk of secondhand drug

exposure.

Another study of first responders*® found that despite low perceived exposure to fentanyl, first
responders remained concerned about the potential for adverse health outcomes due to fentanyl
exposure. Concern over potential exposure to drugs may contribute to increased stress among
transit operators, who may feel unsafe at work.® This can increase the likelihood of burnout and
job satisfaction, leading to attrition from the profession.** The fear of overdose from secondhand
drug exposures may contribute to increased stress and adverse mental health outcomes among
workers who are regularly exposed.?*¢ Research has shown that when workers perceive their
workplace as having a poor safety climate and high health risk, job satisfaction decreases, >~
regardless of the actual health risk posed by the workplace. When workers perceive an unsafe
work environment, workers are more likely to leave and exhibit symptoms consistent with stress,
anxiety, and burnout.?” Such an unsafe work environment can be deemed as an unethical work
climate.*® Research has indicated that ethical work climates are associated with higher job

satisfaction.***! Given the relationship between job satisfaction and health outcomes,**** this

unethical work climate of transit workers may have an impact on their well-being. Furthermore,



workers with lower job satisfaction due to unethical work climates are more likely to have intent

to leave the job.*!

Despite drug use occurring on transit, limited research has investigated how these incidents
impact transit operators. Occupational research has suggested that perceived risk of a hazard,
occupational stress, and job dissatisfaction can each independently increase intent to leave a
job*#8; research has also shown that workers who have high occupational stress but high job
satisfaction are less likely to want to leave.*® However, such research has not been conducted in
the context of transit operators and their exposure to drug use incidents. Higher rates of intent to
leave can result in increased attrition and thus understaffing,* which can in turn cause remaining
workers to experience increased job demands, stress, and burnout.’*>? Such impacts can reduce
remaining workers’ ability to do their job,> which in the case of transit operators, can affect their
ability to provide transportation to their communities. Therefore, it is important to investigate
factors (such as perceived risk of health outcomes associated with passenger drug misuse on
transit vehicles, perceived occupational stress, and job satisfaction) that may contribute to intent
to leave among transit operators. Chapter 2 of this dissertation characterizes transit operators’
perceived risk of secondhand drug exposures, perceived occupational stress, and job satisfaction,
and investigates whether operators with higher perceived risk are more likely to express an intent

to leave.

Chapter 3 of this dissertation presents a qualitative analysis of perceived risk, impacts, and
interventions related to drug use incidents among transit operators. While Chapter 2
characterizes perceived risk and intent to leave, Chapter 3 considers how perceived risk relates to
interventions, including both existing supports and unfulfilled needs of transit operators

pertaining to drug use incidents. Research to date has also not investigated interventions to



reduce the impact that these drug use incidents have on transit operators. An analysis conducted
by the U.S. Federal Transit Administration (FTA) on improving overall safety in transit systems
found that the most prevalent interventions were focused on education, awareness, and
surveillance.>* Despite transit agencies reporting effectiveness of these interventions in
improving overall safety, it is unclear if they are equally impactful in the context of drug misuse.
In particular, these interventions do not eliminate the hazard itself, which per the hierarchy of
controls for total worker health, is the most effective method to promote a hazard-free
workplace.> Other interventions, such as improved security patrolling to remove disruptive
passengers or barriers for the operator area,>* do increase protection for transit operators from
drug exposures; however, the impact on operator well-being of these interventions are still

unclear in the context of drug misuse on transit vehicles.

Research has yet to characterize the frequency of drug use incidents on transit. Given the
potential impacts to transit operator health and ability to do their job, as well as the potential
impacts of these incidents on the riding public, understanding trends in drug use incidents on
transit can be an effective starting point for informing interventions that reduce the prevalence of
these drug use incidents on transit, ultimately protecting both transit operators and the riding
public from exposure to these incidents. Despite trends suggesting that drug misuse is more

likely in summer,**>

reports from transit operators have indicated that people who use drugs
(PWUD) seek transit vehicles as shelter to escape from inclement weather,® potentially
contributing to higher rates of drug use incidents on transit vehicles in periods of poorer weather.
There is currently no research examining temporal and weather trends in drug use incidents on

transit vehicles; Chapter 4 of this dissertation aims to address this gap in literature, by

characterizing the frequency of drug use incidents on transit, and investigating its potential



relationship with weather factors such temperature, precipitation, wind speed, and daylight
hours. The results of this study can help guide timely interventions to protect operators and the

riding public on peak routes and times for drug use on transit.

This work provides a starting point for research investigating the impacts of drug exposures on
transit workers. With drug misuse occurring frequently on public transit, promoting the health,
safety, and well-being of this at-risk worker population is important to both occupational health
and the communities who are served by these transit systems. This dissertation quantitatively
investigates the relationship between transit operators’ perceived risk of secondhand exposure to
drugs and intent to leave their job (Chapter 2); qualitatively examines risk perceptions, impacts,
and unfulfilled supports pertaining to drug use incidents on transit (Chapter 3); and characterizes
the frequency of drug use incidents on transit vehicles in King County, Washington (USA), and
whether temporal and weather factors have an association with the frequency of drug use

incidents (Chapter 4).
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Chapter 2: Impacts of risk perceptions of secondhand exposure to drugs on
intent to leave among transit operators

2.1 Introduction

With drug misuse of synthetic opioids and methamphetamines increasing in the USA, '~ research
has shown potential secondhand exposure for transit operators to drugs smoked by riders.°
Transit systems are a vital component of a city’s infrastructure, playing a crucial role in moving
people throughout communities. In 2023, transit systems in Washington (WA) and Oregon (OR)
states served over 280 million passenger trips.” As transit ridership increases and recovers to pre-
pandemic rates,® ensuring transit workers’ safety and health is crucial to maintain safe and

effective service to communities.

Risk perception of secondhand drug exposure, particularly fentanyl, remains high,’!* despite
research indicating low risk of toxicity associated with secondhand exposures.'* Perceived risk
refers to an individual’s beliefs about their vulnerability to a potential hazard, and is typically
characterized by perceived risk severity (the believed magnitude of risk to health) and perceived
risk susceptibility (the believed likelihood of exposure) to the hazard.!® Front-line workers who
respond to opioid overdose incidents remain concerned about fentanyl exposure despite low risks
of toxicity.!* This leads to a phenomenon where risk perceptions and expectations of negative
health effects result in real health symptoms'?!%; however, in the case of fentanyl exposure, it is
unclear if these symptoms are due to fentanyl toxicity.!” Research of first responders indicated
that there are misconceptions about the hazards associated with brief contact with fentanyl; in
one study, nearly 80% believed touching fentanyl could be fatal.'® Another study of first

responders found that despite low frequency of exposure to fentanyl, first responders remained
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concerned about the potential for adverse health outcomes.'® The psychosocial effects of these
risk perceptions may be further exacerbated by increased job stress associated with witnessing or

experiencing a traumatic opioid overdose event.?’

Research has yet to assess risk perceptions of drug exposures among transit operators; most
occupational drug exposure research focuses on first responders. Unlike first responders, who are
called to respond to emergencies and arrive on scene with information regarding the situation
from their dispatch, transit operators are already present when emergencies occur on their
vehicle, are not necessarily expected to respond, and are likely less prepared to do so. Therefore,
it reasons that their experiences and risk perceptions related to drug exposures are different than

first responders.

Individuals’ perceived risk is influenced by outrage factors (i.e., emotional aspects of risk that
influence how people perceive risk).?! In the context of transit operators, outrage factors such as
voluntariness (whether the exposure is imposed or voluntary), fairness (whether the exposure is
equally distributed, or unique to a given population), process (whether employer decision-
making seems fair to the worker, and decisions address worker concerns), and morality may

impact transit operators’ perceived risk of secondhand drug exposure.

Despite drug use occurring on transit, limited research has investigated how these incidents
impact transit operators. Research in other occupations has suggested a positive relationship
between the perceived risk of a hazard and intent to leave the job?>?*; however, research has yet
to investigate this relationship among transit operators with regard to secondhand drug
exposures. Occupational research has shown that when workers feel dissatisfied with their jobs,
they are more likely to want to leave.?*? Occupational stress is also related to intent to leave, but

research has also shown that workers who have high occupational stress but high job satisfaction
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are less likely to want to leave.?> Higher rates of intent to leave can result in increased attrition
(through early departure or difficulty hiring for vacancies), leading to understaffing.®

Understaffing can result in increased job demands and stress on remaining workers,?”-?

contributing to burnout.”

Therefore, it is important to investigate factors (such as perceived risk
of health outcomes associated with passenger drug misuse on transit vehicles) that may
contribute to intent to leave among transit operators, as well as factors such as perceived
occupational stress and job satisfaction that may impact these associations, and identify areas of
intervention. Research has yet to investigate methods to change risk perceptions of drug
exposures among transit operators, though one study among first responders indicated that
providing brief trainings and educational resources regarding the risks of secondhand

occupational exposure to drugs can be effective in changing risk perceptions and correcting

misconceptions.'?

This study characterized the perceived risk of secondhand drug exposures among transit
operators and investigated whether operators with higher perceived risk are more likely to
express an intent to leave. This study addressed the current literature gap regarding the impact of
transit operators’ risk perceptions, and investigates their intent to leave. We hypothesized that
operators who perceived a higher risk due to secondhand drug exposures were more likely to
express an intent to leave. We also hypothesized that operators with increased occupational stress
and decreased job satisfaction were more likely to express an intent to leave. Understanding
factors that contribute to transit operators’ intent to leave and impact well-being can inform
interventions that improve the work environment and experiences of these workers. This work
also promotes worker voice, health self-advocacy, and workplace safety culture which are crucial

components of worker well-being.?! This study is also the first to explore transit operators’
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experiences with drug misuse incidents and characterize the frequency of these incidents aboard

transit vehicles.
2.2 Methods

We conducted a cross-sectional study from September 2023 to December 2023 designed to
investigate the association between transit operators’ risk perceptions of secondhand drug
exposure and their intent to leave their job. We partnered with Amalgamated Transit Union
(ATU), who represents transit workers across the USA and Canada.? In conjunction with ATU
International and local ATU leadership, three ATU locals in WA (Seattle and Lynnwood) and
OR (Portland) shared our survey with their membership. Transit operator perceived risk of
secondhand drug exposure was assessed via survey. The survey also assessed perceived
occupational stress, job satisfaction, intent to leave their job, workplace safety, and past

experiences with passenger drug use on public transit.
Recruitment:

Survey participants: Each local sent the online survey link to their membership. Eligible
respondents included actively-driving transit operators who were at least 18; eligibility was
assessed in the first two questions of the survey. One local requested that the survey be available
on paper at a union meeting; here, we administered paper copies in addition to promoting the

link.

Participants were compensated with a $20 gift card upon survey completion. This study was
determined to be exempt from review by the University of Washington Human Subjects
Division.

Relationships of interest:
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Informed by previous literature, we propose that perceived risk of secondhand exposure to drugs,
perceived occupational stress, and job satisfaction are related to intent to leave. We propose that
three confounders impact these relationships: passenger drug incidents, workplace safety, and

individual demographic information; these confounders are further described below.

Data collection:

Before accessing the survey, participants read a description of the study and indicated that their
participation was voluntary; subsequent entry into the survey was considered consent. This
survey was administered online via REDCap (or via paper for one local) and included items and

validated scales to measure variables of interest and potential confounders.

Six questions asked about perceived severity of and susceptibility to drug exposures, adapted
from the Risk Perception Attitude Framework.!> For all questions, responses were on a 5-point
Likert scale. The two perceived susceptibility questions rated how operators felt about their risk
of exposure to illicit drugs and the likelihood that they would get sick from this exposure
(1=extremely low, 2=low, 3=neither high nor low, 4=high, 5=extremely high), while the four
perceived severity questions asked operators to rate agreement with statements about their risk of
getting sick or dying from exposure (1=strongly disagree, 2=disagree, 3=neither disagree nor
agree, 4=agree, S=strongly agree). Per the framework,'> we scored perceived severity and
perceived susceptibility as an average of the questions out of five, and subsequently scored
perceived risk as the product of perceived severity and perceived susceptibility (highest possible

perceived risk score=25).

To assess perceived occupational stress, the Perceived Occupational Stress Scale® was used. The

Perceived Occupational Stress Scale is a validated measure to characterize work-related stress,
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asking respondents to rate their agreement to four statements about work stress using Likert
response options (1=strongly disagree, 2=disagree, 3=neither disagree nor agree, 4=agree,
S=strongly agree). The measure asks respondents whether their work is stressful, if thinking
about work makes them feel tense, whether they feel pressured at work, and if their work has
negative health effects. Per its established scoring conventions, a score of 3.50 or greater,
averaged across the four questions, indicates high strain.>* Research evaluating the psychometric
properties of the Perceived Occupational Stress Scale confirms its high internal reliability

(Cronbach’s alpha = 0.82) and high test-retest reliability (correlation = 0.86).>"

Job satisfaction was measured via one question. Operators rated how satisfied they were overall

with their job (1=very unsatisfied, 2=unsatisfied, 3=satisfied, 4=very satisfied).

Intent to leave was assessed via one question that asks respondents if they are likely to leave

their job within the next year (1=not at all likely, 2=somewhat likely, 3=very likely).

The survey also collected information on three confounders: experiences with drug use incidents,
workplace safety, and individual demographic information. Operators were asked about past
experiences with passenger drug use aboard their vehicles by rating how often they have
observed passengers using drugs on their vehicle, and whether they have ever had a passenger
aboard their vehicle require medical attention from emergency medical services due to a drug-
related incident. Operators were also asked whether they had ever experienced a family member
or friend overdosing on drugs. We measured self-efficacy among operators with two questions
that asked them to rate (1=strongly disagree, 2=disagree, 3=neither disagree nor agree, 4=agree,
S=strongly agree) whether they believe they can confidently protect themselves from exposure to
drugs, and if they believe there are things they can do to ensure they do not get sick due to

exposure to passenger drug use. We also asked operators whether they had ever been provided
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with guidance on what to do if a passenger uses drugs aboard their vehicle (yes/no). Workplace
safety was assessed via two separate questions; the first asked operators to rate their overall
perceived workplace safety on a 4-point Likert scale (1=very unsafe, 2=somewhat unsafe,
3=somewhat safe, 4=very safe), and the second question asked whether operators had been
attacked by a passenger at work in the past year (yes/no). The survey also gathered demographic

information (age, gender, and length of employment).

Analysis:

All analysis was conducted using R statistical software.*> Survey data were first analyzed
descriptively, tabulating means and proportions for the measures included in the survey.
Measures were then stratified by each response option of intent to leave, and one-way ANOV As
(for continuous variables) and chi-square tests (for categorical variables) were used to compare
values across the three intent to leave groups and identify significant differences. Perceived risk,
perceived occupational stress, and job satisfaction were compared to each other using Pearson’s

correlation coefficients to determine if any were highly correlated.

To investigate the proposed relationships described earlier, we conducted a regression analysis
using ordinal logistic regression models. We first fit individual base ordinal logistic regression
models for intent to leave as the outcome, with each of the predictors of interest (i.e., one model
for each of perceived risk, perceived occupational stress, and job stress as the predictor of
interest). We then fit one complete ordinal logistic regression model for intent to leave including
all three predictors of interest. Prior to including variables in our models, we checked for
skewness and excluded variables that were heavily skewed. Throughout this analysis, we
controlled for demographics (groups with n<10 were combined together), workplace safety,

whether they had been attacked at work, whether they had been provided with guidance on
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handling passenger drug use, the number of times operators had observed drug use on their
vehicle, past experiences with passengers requiring medical attention due to drugs, and past
experiences with family and friends overdosing. Robust standard errors were used to account for
any heteroskedasticity. Variance inflation factors (VIFs) were calculated to check for
multicollinearity; any variables with VIF>5 were excluded from the models. Responses with
missing data (missing completely at random) for variables included in the model were excluded
in the regression analysis. Odds ratios (ORs) were calculated by exponentiating the point
estimates from the regression model; in an ordinal logistic regression, the OR reflects the odds of

being in a higher outcome category associated with a one unit increase in exposure.

2.3 Results

Descriptive Statistics:

We recruited and surveyed 273 transit operators, of which paper copies were administered to 19
operators. The membership?” across these three locals is approximately 11,000, but not all
members would meet our survey inclusion criteria, making it challenging to estimate a survey
response rate; though, we estimate it to be low. Demographic characteristics of surveyed transit
operators (n=273) are summarized in Table 1. The sample was predominantly male (60.8%),
with 112 operators (41.0%) over the age of 55. The majority of respondents were employed for

5to 9 years (37.4%).

Table 2 outlines descriptive statistics for predictors and outcomes of interest, both overall and
stratified by intent to leave responses. Operators had an average perceived risk score of 15.29 out
of 25, with a perceived severity score of 3.46 out of 5 and a perceived susceptibility score of 4.30

out of 5. Transit operators had an average perceived occupational stress score of 3.88 (on a scale
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of 1 to 5). 197 operators (72.2%) reported high perceived occupational stress (score > 3.5).
Average self-efficacy scores were low and heavily right-skewed among operators, (mean score

of' 4.57 out of 25).

While 129 operators (47.3%) reported they were not at all likely to leave, 93 operators (34.1%)
reported they were somewhat likely, and 48 operators (17.2%) reported they were very likely to
leave. 167 operators (61.2%) reported being somewhat or very satisfied with their job, with 102

operators (37.3%) indicated being somewhat or very unsatisfied with their job.

228 operators (83.5%) reported observing passenger drug use aboard their vehicle; 88 operators
(32.2%) reported observing drug use 2-5 times per week; 95 operators (34.8%) reported a
passenger requiring medical attention due to drug use aboard their vehicle; 166 operators (60.8%
indicated not receiving guidance on handling passenger drug use incidents; and 101 operators

(37.0%) have experienced a family or friend overdose due to drugs in the past.

When stratified by responses for intent to leave (Table 2), there were significant differences
between response options in respondents’ mean scores for perceived risk (higher scores among
those more likely to leave), perceived occupational stress (higher scores among those more likely
to leave), overall job satisfaction (lower scores among those more likely to leave), the frequency
of observing drug use on transit (higher frequency among those more likely to leave), and self-
efficacy (lower scores among those more likely to leave). Furthermore, when stratified by intent
to leave responses, there were significant differences in the distribution of responses for
satisfaction with employers’ response to drug use on transit (lower satisfaction among those
more likely to leave), overall workplace safety (lower workplace safety among those more likely
to leave), and whether they had been attacked at work by a passenger (higher rate among those

more likely to leave).
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Perceived risk scores had a moderate positive correlation with perceived occupational stress
scores (Pearson’s R = (0.32) and a low negative correlation with job satisfaction (Pearson’s R = -
0.29). Perceived occupational stress scores and job satisfaction had a moderate negative

correlation (Pearson’s R =-0.43).

Regression Models:

In the base regression models (Table 3), we found that operators who reported higher perceived
risk scores had significantly higher odds of expressing an intent to leave (OR: 1.08; 95% CI:
1.02, 1.14), such that a 1-unit increase in perceived risk score was associated with an 8% higher
odds of being in the next higher category of intent to leave. Higher perceived occupational stress
was also significantly associated with higher odds of intent to leave (OR: 2.21; 95% CI: 1.56,
3.22), while greater job satisfaction was significantly associated with lower odds of intent to
leave (OR: 0.35; 95% CI: 0.25, 0.49). However, in the full regression model (Table 4), perceived
risk was not significantly associated with intent to leave (OR: 1.04; 95% CI: 0.98, 1.12), while
perceived occupational stress (OR: 1.63; 95% CI: 1.10, 2.43) and job satisfaction (OR: 0.41;
95% CI: 0.28, 0.59) remained significantly associated with intent to leave. Self-efficacy was

excluded from models due to skewness.
2.4 Discussion

Transit operators’ perceived risk of secondhand exposure to secondhand drugs was significantly
positively associated with intent to leave in our base ordinal logistic regression model. Perceived
risk scores of drug misuse among transit operators were on the higher range of scores per the
Risk Perception Attitude framework!>; in particular, operators had high mean perceived

susceptibility scores, indicating that operators felt they were highly susceptible to health effects
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due to drug misuse aboard their vehicles. In our base ordinal logistic regression model, we found
that these perceived risk scores were significantly associated with intent to leave, suggesting that
operators who felt they were at a greater risk due to drug use on their vehicles were more likely

to consider leaving their job.

Consistent with literature in other occupational settings,’*%’

our regression analyses showed that
transit operators with higher perceived occupational stress and lower job satisfaction were
significantly more likely to express an intent to leave. In our full regression model, the inclusion
of perceived occupational stress and job satisfaction attenuated the relationship between
perceived risk and intent to leave, such that the relationship between perceived risk and intent to
leave was no longer significant; this is likely due to the observed low to moderate correlation
between these predictors. These findings may suggest a pathway where perceived occupational
stress and job satisfaction mediate the relationship between perceived risk and intent to leave,
such that higher perceived risks of health effects due to exposure to drug use are related to
increased perceived occupational stress and decreased job satisfaction, which in turn are related
to intent to leave. While the cross-sectional nature of this study prevented us from assessing this
potential mediation, future research with longitudinal data should aim to elucidate these
pathways, which can help better understand how perceived risk of secondhand exposure to drugs
can impact transit operators. To our knowledge, this study was the first to investigate the
association between risk perceptions related to passenger drug misuse and intent to leave among
transit operators. These results build on previous literature that have identified possible

22,23

relationships between perceived risks and intent to leave, and between stress, job satisfaction,

and intent to leave.”*?
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The findings of this study highlight the importance of perceived risk; however, it remains unclear
what specific factors contribute to perceived risk. While this survey does not thoroughly capture
all factors that may contribute to perceived risk, we did find that operators reported low self-
efficacy scores. If operators feel that they cannot protect themselves from the health risks posed
by secondhand exposure to drugs, this may increase outrage.*® Research on perceived risk has
postulated that perceived risk is influenced by the hazard itself, as well as outrage factors
surrounding the hazard?8; therefore, increased outrage can increase perceived risk. While
eliminating passenger drug misuse on transit would be the most effective solution to create a
safer workplace,®® interventions that target outrage factors may be beneficial in changing
perceived risk, and possibly mental health, through improved job satisfaction and decreased

stress and intent to leave.

Although not a primary aim, it was notable that this study captured transit operators’ experiences
with passenger drug misuse. The majority of operators indicated that they observed passengers
using drugs more than once a week, highlighting the prevalence of this issue across public transit
in the Pacific Northwest. Previous research has found that operators in the Pacific Northwest are
at risk of exposure to secondhand drug residue from passenger drug use.® Per the hierarchy of
controls,*” eliminating a hazard is the most effective method to protect workers from its health
effects; therefore, it is of public health importance to reduce passenger drug use on transit
vehicles. Doing so not only protects operators from secondhand exposure to drug residue, but

also reduces workplace stress, as observing drug use incidents at work can be distressing.*’

It was also notable that 34.8% of operators reported experiencing passengers on their vehicle
requiring medical attention from EMS; these situations may be particularly distressing and can

have adverse mental health effects.*!** Therefore, while reducing the frequency of such
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distressing incidents should be prioritized, providing mental health supports for operators who
experience such events not only promotes the well-being of operators, but may also reduce the

impact that such incidents have on operators, which can in turn reduce intent to leave.

The majority of operators in our study reported receiving no guidance on how to handle
passenger drug use incidents, and our regression results indicated that receiving trainings did not
significantly impact intent to leave. Research has shown that brief trainings regarding the risks of
secondhand occupational exposure to drugs can be effective in increasing knowledge and
changing risk perceptions about secondhand drug exposures.'? Future research should investigate
the types of guidance and trainings currently provided to transit operators, and how these

trainings can be changed to better address operators’ needs.

Open and transparent risk communication to workers,* from sources of information that workers

trust,*

can be effective in changing risk perceptions. Additionally, communication from
leadership on how concerns about passenger drug use are being addressed, and worker
engagement in this process, can help workers feel validated and reduce outrage.® Future
research should seek a deeper understanding of operators’ risk perceptions of exposure to drug
use and their unfulfilled workplace support needs (for example, via focus groups and qualitative

interviews), which can inform further interventions that change these risk perceptions and reduce

its impacts.

This study only surveyed transit operators, and not other types of transit workers, who may have
different work experiences. The majority of respondents in this study were bus drivers, who
often have more passenger interaction when compared to other types of transit operators;
therefore, the attitudes reflected by this study may not be generalizable to other transit operators

with different levels of passenger interaction. Survey respondents were recruited via their union
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and only within the Pacific Northwest; therefore, the findings of this study may not be
generalizable to operators affiliated with different unions or in different regions. Despite these
concerns with generalizability, our sample was demographically consistent with national trends
in gender and age of transit operators.*®*” Additionally, 37.0% of respondents indicated
experiencing a family or friend overdose due to drugs in the past, which is only a slightly higher

).48

rate than in the general U.S. population (32%)." This consistency with the larger population

improved the generalizability of this study.

This survey was cross-sectional, and therefore only reflects attitudes at the time of the survey.
Due to the cross-sectional nature of this survey, it is unable to identify causal relationships. This
survey relies on self-report and is therefore prone to reporting bias, as respondents may not

accurately recall or report past events or experiences.
2.5 Conclusions

Given the importance of transit operators to the communities they serve, investigating the
impacts of transit operators’ experiences with passenger drug use incidents is crucial to promote
their workplace safety and health, especially as increasing drug misuse on transit in the Pacific
Northwest!™ creates potential for operators’ secondhand exposure.® We found that perceived risk
of drug exposures, perceived occupational stress, and job satisfaction have an impact on operator
intent to leave. Operator turnover can potentially be reduced by increasing supports that target
risk perceptions of drugs. Furthermore, operators routinely experience drug use incidents on their
vehicles, which can be distressing. Reducing the occurrence of drug use on transit and providing
supports such as mental health resources can further benefit operators by reducing stress and

improving job satisfaction.



Chapter 2 Tables

Table 1: Characteristics of surveyed transit operators (n=273)

n (%)
Gender Female 66 (24.2%)
Male 166 (60.8%)
Other/Prefer not to answer 34 (12.5%)
Missing 7 (2.5%)
Age 18-25 0
26-34 22 (8.1%)
35-44 68 (24.9%)
45-54 65 (23.8%)
55+ 112 (41.0%)
Missing 6 (2.2%)
Union Affiliation Seattle 215 (78.8%)
Portland 27 (9.9%)
Lynnwood 20 (7.3%)
Other/Missing 11 (4.0%)
Current job Bus driver 230 (84.2%)
Light Rail, Subway, or Streetcar Operator 39 (14.3%)
Other Transit Operator 4 (1.5%)
Length of employment <1 year 6 (2.2%)
1-4 years 51 (18.7%)
5-9 years 102 (37.4%)
10-14 years 32 (11.7%)
15-19 years 29 (10.6%)

>20 years

53 (19.4%)

26
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Table 2: Descriptive statistics: overall, and stratified by intent to leave responses

Predictor Overall (n=273) Stratified by Intent to Leave
Not at all Somewhat Very likely
likely likely (n=93; (n=47;
(n=129; 34.1%) 17.2%)
47.3%)
Mean (SD) Mean (SD)  Mean (SD) Mean (SD)
Perceived risk* 15.29 (5.18) 14.09 (4.95) 15.48 (4.84) 17.95 (5.28)
Perceived severity* 3.46 (0.86) 3.30(0.81)  3.48(0.85) 3.80 (0.90)
Perceived susceptibility*  4.30 (0.76) 4.12(0.82)  4.38(0.69) 4.67 (0.57)
Perceived Occupational 3.88 (0.89) 3.58(0.95) 4.01(0.78) 4.45 (0.54)
Stress**
Number of times 2.36 (1.55) 2.18 (1.61)  2.37(1.44) 2.83 (1.55)
observing drug use on
vehicle per week over
past year®**
Overall workplace 1.90 (0.82) 2.15(0.81) 1.80 (0.79) 1.37 (0.64)
safety**
Overall job satisfaction**  2.64 (0.86) 2.97(0.79)  2.51(0.76) 1.98 (0.79)
Self-efficacy™** 4.57 (5.07) 5.19(5.32) 4.56 (4.82) 2.87 (4.36)
n (%) n (%) n (%) n (%)
Distribution of Perceived
Occupational Stress
Scores”
High (>3.50) 197 (72.2%) 85 (65.8%) 70 (75.3%) 44 (93.6%)

Low (<3.50)

Job Satisfaction
Responses”

65 (23.8%)

44 (34.1%)

17 (18.3%)

3 (6.4%)




32 (11.7%)
70 (25.6%)
131 (48.0%)
36 (13.2%)

8 (6.0%)

17 (12.8%)
73 (54.9%)
29 (21.8%)

10 (10.3%)
31(32.0%) 21 (41.2%)
47 (48.5%) 11 (21.6%)
5(5.2%) 1 (2.0%)

Very unsatisfied 14 (27.5%)
Somewhat unsatisfied
Somewhat satisfied

Very satistied

Satisfied with response to
drug use aboard vehicles™

Very unsatisfied 204 (74.7%) 79 (59.4%) 78 (80.4%) 46 (90.2%)
Somewhat unsatisfied 40 (14.7%) 32(24.1%) 7 (7.2%) 0
Somewhat satisfied 19 (7.0%) 10 (7.5%) 8 (8.2%) 1 (2.0%)
Very satisfied 6 (2.2%) 6 (4.5%) 0 0

Overall workplace safety

responses”

Very unsafe 101 (37.0%) 30 (22.6%) 39 (40.2%) 32 (62.7%)
Somewhat unsafe 103 (37.7%) 54 (40.6%) 35 (36.1%) 12 (23.5%)

Somewhat safe 61 (22.3%) 41 (30.8%) 18 (18.6%) 1 (2.0%)

Very safe 6 (2.2%) 4 (3.0%) 1 (1.0%) 1 (2.0%)
Number of times

observing rider drug use

on vehicle over past year

0 times 45 (16.5%) 26 (19.5%) 12 (12.4%) 6 (11.8%)
<1 per week 47 (17.2%) 26 (19.5%) 17 (17.5%) 4 (7.8%)

1 per week 34 (12.5%) 16 (12.0%) 13 (13.4%) 5(9.8%)
2-5 times per week 88 (32.2%) 34 (25.6%)  35(36.1%) 16 (31.4%)
5-10 times per week 31 (11.4%) 14 (10.5%)  8(8.2%) 9 (17.6%)
> 10 times per week 28 (10.3%) 13 (9.8%) 8 (8.2%) 7 (13.7%)
Attacked at work by a

passenger”

Yes 73 (26.7%) 25(18.8%) 29 (29.9%) 18 (35.3%)
No 199 (72.9%) 104 (78.8%) 64 (66.0%) 29 (56.9%)
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Provided guidance about 103 (37.7%) 49 (36.8%) 33 (34.0%) 20 (39.2%)
what to do if a passenger
uses drugs (responded

yes)

Passenger requiring 95 (34.8%) 47 (35.3%) 26 (26.8%) 21 (41.2%)
medical attention
(responded yes)

Family/friends OD 101 (37.0%) 49 (36.8%)  30(30.9%) 22 (43.1%)
(responded yes)

Missing data is not included; as such, percentages may not sum to 100%.

*Significant differences in perceived risk were detected between those who were not at all likely
and very likely to leave, and those who were somewhat likely and very likely to leave, but not
those who were not at all likely and somewhat likely to leave. Significant differences in
perceived severity were only detected between those who were not at all likely and very likely to
leave. Significant differences in perceived susceptibility were detected between those who were
not at all likely and somewhat likely to leave, and those who were not at all likely and very likely
to leave, but not those who were somewhat likely and very likely to leave

**Significant differences were detected between all response options for intent to leave.

*#*Significant differences were only detected between those who indicated being not at all likely
and very likely to leave.

Mndicates significant differences in the distribution of proportions between intent to leave
response options.
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Table 3: Base ordinal logistic regression models for intent to leave, with overall perceived risk,

perceived occupational stress, and job satisfaction as the predictor of interest respectively

Overall Perceived . .
perceived Risk Occupational Job (Sna=t12s5f2;t10n

Predictors (n=249) Stress (n=249)

OR 95% CI OR 95% CI OR 95% CI
Predictor of interest 1.08 1.02,1.14 2.21 1.56,3.22 035 0.25,0.49
Family/Friend Overdose (yes/no) 1.19 0.70,2.01 092 053,159 1.09 0.63,1.88
Passenger required medical attention g0 4 07 356 1.07 1.09,3.62 191 1.05,3.54
(yes/no)
Number of times observing druguseon 43 g5 126 113 093,138 110 0.90, 1.34
transit
Length of Employment (years) 1.00 0.81,1.23 098 0.80,1.22 1.02 0.83,1.26
Overall workplace safety 0.49 034,070 0.56 0.37,0.79 0.56 0.38,0.80
I’f}g;”ked atwork by a passenger (REF: 4 o3 4 17 338 168 094,296 1.68 0.94,3.00
Provided guidance to handle drug 115 068,195 123 072,210 154 0.89,2.67
incidents (yes/no)
Age (age categories) 1.03 0.76,1.40 0.89 0.65,1.21 0.85 0.62,1.17
Gender (REF: Male)
Female 0.68 0.37,1.24 084 045,156 0.75 0.40,1.39
Other 0.54 0.24,1.17 050 0.22,1.10 0.53 0.23,1.17

Bold indicates p<0.05.



Table 4: Full ordinal logistic regression models for intent to leave

Predictors OR 95% CI
Overall Perceived Risk 1.04 0.98, 1.12
Perceived Occupational Stress 1.63 1.10,2.43
Job Satisfaction 0.41 0.28, 0.59
Family/Friend Overdose (yes/no) 0.87 0.49, 1.54
Passenger required medical attention (yes/no) 1.96 1.05, 3.70
Number of times observing drug use on transit 1.04 0.84, 1.28
Length of Employment (years) 1.08 0.86, 1.35
Overall workplace safety 0.64 0.43, 0.96
Attacked at work by a passenger (REF: No) 1.80 0.98,3.29
Provided guidance to handle drug incidents 1.67 0.94,2.97
(yes/no)

Age (age categories) 0.81 0.58, 1.12
Gender (REF: Male)

Female 0.75 0.39,1.44
Other 0.55 0.24,1.24

Bold indicates p<0.05.
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Chapter 3: Impacts and workplace needs of transit operators related to
passenger drug misuse on transit vehicles

3.1 Introduction

Transit operators are an essential component of a city’s transportation infrastructure, providing
safe and reliable transportation for the communities they serve. With drug misuse occurring on
public transit vehicles in the Pacific Northwest (USA), recent research has shown that transit
operators are at risk of secondhand exposure to drug residue.! Operators have reported feeling
sick, have required time off from work, and have filed for workers’ compensation due to
exposure to drug misuse on transit.>® Witnessing drug-related critical incidents at work such as
overdoses can also be distressing for transit operators, who are not trained medical professionals
and therefore should not be expected to intervene during such incidents. These experiences can
adversely impact operator mental health.*¢ Furthermore, these drug misuse incidents pose a
safety risk to operators, as passengers under the influence of drugs can display unpredictable

behaviors, leading to potentially dangerous interactions between operators and passengers.

In addition to the impacts of secondhand exposure to drug misuse, public risk perception of
secondhand exposure to drugs remains high.”"!' Concern over potential exposure to drugs may
contribute to increased stress among transit operators, who may feel unsafe at work'?; this can
increase the likelihood of burnout and reduce job satisfaction, leading to attrition.'® The fear of
overdose or other adverse health outcomes from secondhand exposure to illicit drugs may
contribute to increased stress and adverse mental health outcomes among exposed workers®1’;
however, risk perception theory states that those who are exposed less might be more likely to

experience stress and adverse mental health outcomes, as the exposure feels more unfamiliar'*.
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Research has shown that when workers perceive their workplace as having a poor safety climate

15,16

and high health risk, job satisfaction decreases, regardless of the actual health risk posed by

the workplace. When workers perceive an unsafe work environment, they are more likely to

leave and exhibit symptoms consistent with stress, anxiety, and burnout.!’

Outrage factors (i.e.,
emotional aspects of risk that influence how people perceive risk) can also impact individuals’
perceived risk'®; in the context of secondhand drug exposures on transit, factors such as
controllability (whether the exposure is in one’s control or someone else’s control), process (how
trustworthy and fair employer decision-making seems to the worker, and whether decisions

address worker concerns), and fairness (whether the exposure is distributed among everyone, or

unique to the worker or worker population), may impact transit operators’ risk perceptions.

Transit operators are routinely exposed to other physical and psychosocial exposures that may
negatively impact their health, such as long hours spent sitting, ! seat vibration,?° high levels of
work-related stress,?! high job demands with little latitude (i.e., worker autonomy over decision-
making at work),?!*? and an expectation to be on time.?* Previous literature has highlighted that
transit operators experience workplace violence and inadequate social support, which can lead to
burnout and negatively impact wellbeing.?*?> The presence of drug misuse on transit vehicles
can exacerbate these existing occupational psychosocial stressors among transit operators.*°
Reducing exposure to work-related stressors is not only important for operator health and
safety,?¢ but also for the community they serve, as operators are ultimately responsible for the

safety of passengers on their vehicle.

Research has yet to evaluate interventions that reduce the impacts of drug misuse incidents on
transit operators. In 2024, the U.S. Federal Transit Administration (FTA) issued a general

directive to investigate the overall safety of transit workers in urban transit systems.?” While this
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directive was not specific to drug misuse on transit, results from this directive identified safety
interventions most commonly being adopted by transit agencies across the country, many of
which may be applicable to reduce the impacts of drug-related incidents. The most prevalent
interventions in the FTA report were focused on increased education, awareness, and
surveillance.?® While these interventions may be impactful in the context of drug misuse, they do
not explicitly eliminate the hazard itself, which is the most effective method to promote a hazard-
free workplace.?” The FTA report identified other interventions that have lower rates of
implementation, such as protective barriers for the operator area or improved security patrolling
to remove disruptive passengers®; these interventions do provide increased protection for transit
operators from secondhand drug exposures. However, like the other interventions, it remains
unclear whether these interventions result in improved well-being for operators in the context of

drug misuse on transit vehicles.

This study qualitatively explored transit operators’ experiences with passenger drug use in the
Pacific Northwest (USA), and characterized the impacts that passenger drug use has on transit
operators. We investigated risk perceptions related to exposure to passenger drug use, and
whether outrage factors such as controllability, fairness, and process were relevant themes that
impacted these risk perceptions.'® Furthermore, we explored whether transit operators believe
that existing methods of reducing the impacts of drug misuse on transit vehicles are acceptable,
and if operators believe that further interventions are needed to protect both themselves and the
riding public. The findings of this study can identify transit operators’ workplace needs and help
inform potential interventions that can subsequently be evaluated for effectiveness in reducing

the impacts of drug use incidents on operators.
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3.2 Methods

We conducted a qualitative study designed to investigate the experiences of transit operators as
they pertain to passenger drug use. This study was conducted in conjunction with the
Amalgamated Transit Union (ATU), which represents transit workers across the United States
and Canada.’® We recruited 19 transit operators from three ATU union locals in Washington and
Oregon states. Recruited transit operators participated in a semi-structured interview that asked
about impacts, risk perceptions, existing workplace supports, and unfulfilled needs of transit
operators related to passenger drug use. The portion of the interview guide that focused on
workplace supports and unfulfilled needs was developed using the National Institute for

Occupational Safety and Health’s (NIOSH) hierarchy of controls?**! as a framework.
Recruitment:

Locals: In conjunction with the ATU International and leadership at ATU locals, we recruited
two locals in Washington State (Seattle and Lynnwood) and one local in Oregon (Portland) into

our study.

Survey participants: Potential transit operator participants were identified by a survey gauging
their interest in our study that was shared by each local’s leadership to their membership.
Eligibility criteria were assessed in the first two questions of the online survey, and included
transit operators who were at least 18 years old and were actively driving. Via the survey,
operators were asked to self-select into the participant pool, and every operator in the participant
pool was contacted via email for recruitment. Operators who responded to our email were

considered recruited; subsequent snowball sampling with the same recruitment email was used to
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increase sample size.*? Upon recruitment, participants provided informed consent and were

informed that no personally identifiable information would be made publicly available.

Participants in this study were compensated with a $20 gift card upon completion of interviews.
This study was determined to be exempt from review by the University of Washington’s Human

Subjects Division as it was deemed minimal risk.

Data Collection:

This study used semi-structured interviews (approximately 40 minutes) of transit operators (one
interview per operator) asking about experiences with passenger drug use, the impacts they have
experienced from passenger drug, risk perceptions related to secondhand exposure to drug use,

existing workplace guidance and supports related to passenger drug use, and workplace needs.

Interviews were guided by an interview guide (Appendix 1), part of which was developed using
the NIOSH hierarchy of controls**=! as a framework. Given the semi-structured nature of
interviews in this study, the interview guide provided flexibility for the interviewer to follow up
on responses provided by the interviewee at the interviewer’s discretion. Interviews were

conducted over Zoom, and were recorded and transcribed with the consent of the interviewee.

Data Analysis:

Interview transcripts were downloaded from Zoom, and data were cleaned for transcribing
errors. Data collected from interview transcripts were analyzed thematically. Data were analyzed
using a deductive strategy based in a constructionist paradigm (i.e., that participant experiences,
events, meanings, and realities are based on societal factors),* using previously described
methods of conceptual qualitative research.’**> Analysis began deductively for initial code

development, using a starting codebook that incorporated the hierarchy of controls®! as a
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framework. Interview transcripts were examined for trends in risk perceptions, impacts due to
passenger drug use incidents on transit vehicles, supports pertaining to passenger drug use, and

needs of transit operators.

Transcripts were split-coded by two independent coders. Initially, 20% of transcripts (n=4) were
independently co-coded by the two coders, and codes were compared. Differences in coding
were identified and resolved via open discussion between the coders?®; less than 5% of codes
differed between coders, and was always due to one coder missing a code for an excerpt, rather
than the coders applying different codes to an excerpt. Then, the remaining transcripts (n=15)
were divided between the two coders and coded independently. Coders subsequently discussed
any areas of confusion in independently coded transcripts to ensure accurate application of the
codebook. All discussions between coders throughout this process allowed for refinement of
code definitions, which were memorialized into the codebook. Dedoose qualitative data analysis
software®” was used to maintain organization of this codebook and its codes, allowing for easier
sorting of codes and its corresponding data. Upon completion of coding of all interview
transcripts, the two coders collaboratively developed key themes from codes, by examining

frequently applied codes and frequently co-occurring codes.
3.3 Results

Study Participants:

Table 1 summarizes work characteristics of the interviewed operators. Of the 19 interviewees, 13
(68.4%) worked in King County, WA; 3 (15.8%) worked in Snohomish County, WA; and 3
(15.8%) worked in Portland, OR. The majority of interviewed operators were solely coach

drivers (73.7%). Eight operators (42.1%) were employed for 5 to 9 years, which was the most
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prevalent length of employment among interviewees. No demographic information was collected

from interviewees to preserve confidentiality.

Table 2 summarizes key themes that emerged across interviews. Themes were categorized by
research objectives: understand characteristics of the job, characterize transit operators’
experiences with passenger drug use incidents, investigate risk perceptions and impacts
associated with drug use incidents, and explore existing supports and unfulfilled needs pertaining
to drug use incidents on transit. These themes are explored here, with the inclusion of quotes

from interviewees to provide richer descriptions of their experiences.

Understand characteristics of the job:

Job satisfaction:

Overall, transit operators reported satisfaction with their job, with many operators saying that
they “like their job” or they “enjoy their work.” For many transit operators, a primary appeal of
the job was that they were in a position of service where they could help their community. Some
operators gave other reasons for enjoying their work, such as the pay and benefits, or positive
passenger interactions. Despite overall job satisfaction, operators still identified aspects of their
work that they disliked. Many operators said that negative interactions with passengers were one
of the downsides of their work, with one operator describing, “I have personally been assaulted,
been spit at, had stuff thrown at me.” Operators also identified their employer as a dislike about
their job, with operators describing that they felt replaceable, and that agencies “pretend that
nothing’s wrong in their system”, or that the priority is to “keep service rolling.” Operators
mentioned fear of punitive retaliation from management if they reported work-related incidents

and concerns.
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Transit operators are responsible for the safety and well-being of passengers:

Throughout interviews, operators said that being a transit operator involves a lot more than
operating a vehicle. Interviewees said that they are ultimately responsible for the safety of their
passengers and assessing the risks posed by hazards on and outside their vehicle, with one
operator describing: “sensing what's going to happen in front of you and we're keeping an eye
out on those individuals who will just step out in front of traffic... just make sure that you're
going to keep everybody safe. And that's my first priority, is to make sure everyone's safe.” When
asked about instances of passenger violence or drug use on vehicles, one operator said that he did
not feel that he should be solely responsible for evaluating risk, describing, “I would have liked
to see supervisors, instead of telling me to fill out a report, to actually come down and assess the
situation.” This also highlights the lack of existing support for operators, and that having
someone physically show up to provide support could improve operators experiences, especially
considering that operators are in a potentially physically vulnerable position regarding these

passenger interactions.

Operators’ protectiveness over the safety and well-being of their passengers was also evident in
their descriptions of feeling care and compassion for their passengers, especially for those who
are following rules, with one operator calling for enforcement of the law: “because you got to
protect the other passengers too.” When asked about passenger drug use, another operator
described, “If other passengers are exposed, then I obviously am going to immediately say
something,” later saying, “I say something because I see other passengers feel uncomfortable
when they see it.” Some operators said they go out of their way to try to care for their passengers,

with one operator describing, “I would put their food up on the dash to keep it warm or to cook
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it... the less fortunate who didn’t get hot meals, they were kind and didn’t cause me any

problems. I would offer them to do that.”

Characterize transit operators’ experiences with passenger drug use incidents:

Agencies do not care about operators.

Throughout interviews, operators said that agencies prioritize continuing service over operator
safety and well-being. Operators feel a lack of empathy from management and feel that
management does not treat their health impacts due to drug exposures as real. As a result,
operators feel invalidated, disrespected, and intentionally misled. When asked about seeking help
from management, one operator described, “They discipline us to suspend us, bully us into just
driving the bus and not caring if anybody was being assaulted or if anybody was in trouble.”
Furthermore, operators experienced not receiving support from their employers, who prioritized

passengers over operators, even when those passengers used drugs while riding transit vehicles.

Frequency of observed drug use:

When asked how often they observed passengers using drugs on their vehicle, interviewee
responses varied. Ten operators said they have daily experiences with passenger drug use, some
of which were multiple times a day, while eight operators said they rarely or never observe
passenger drug use. Three operators said that the frequency of observed drug use has changed,
either due to switching routes or declining drug use rates. One operator described the differences
in the frequency of drug use on transit vehicles based on the location: “I’m no longer in Seattle,
I’'m on Vashon Island now... I've been here a year now and I have not encountered it once. In

Seattle, I would venture to say daily.”
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Interviewees also said that they are not always able to observe drug use incidents occurring. One
operator described, “I don’t recall explicitly seeing people using drugs on my bus, but that’s not
to say that they don’t. The problem is you re trying to navigate the bus and taking your eyes off
the road to watch what passengers are doing is a precarious exercise.” Another operator
described that “if it ’s not active use, you 're seeing paraphernalia”, suggesting that there is

evidence of drug use even if the actual incident goes unnoticed.

Seniority protects operators from drug use incidents:

Through the majority of interviews, operators highlighted the role of seniority in protecting
against potential incident related impacts and improving well-being, as senior operators have
more choice in their routes, thereby allowing them to avoid routes and times when passenger
drug use is more likely to occur. When talking about passengers using drugs on her vehicle, one
senior operator, who had been employed for eight years, described, “I'm so extremely blessed
and grateful that I don't have to pick routes where I see it every day because I don't think I would
stay a bus driver.” In contrast, an operator who had only been employed for 1 year described, “/
worked the late shift because I'm low seniority, so I'm out till two o'clock in the morning... And

at some point, the only people on your train are the houseless and the addicted.”

One operator, who is also involved in advocating for operator safety, described the impact of

seniority:

“[Low seniority drivers] are driving these routes through the middle of the night that
have real challenges with people that are just riding around on their bus doing drugs or
doing alcohol... So unfortunately, the guy at the low end who is just coming in, he's going
to get exposed to all of this chaos. And a lot of them don't survive. I tell you, they quit
within three months or even three weeks.”

Varving opinions on the value of reporting:
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When asked whether they report passenger drug use incidents on their vehicle, interviewees had
varying opinions on the value of reporting incidents. Many operators would previously report
incidents diligently per guidelines, but eventually “stopped bothering because there was no point
— nothing was going to happen.” One operator described her experience with the ineffectiveness

of reporting incidents:

“In the beginning I filled out everything - security incidents, safety incidents. Any kind of
incident I could fill out, I was filling them all out and reporting them. But get this — every
single one of them that I filled out I never got an answer, never got any kind of an

answer, never got my paper back... Never got a single response... We're all sick and tired

of filling out papers when nothing gets done.”

Reporting incidents also seemed to be a hassle for operators, with some noting that the reports
take too long and the online system is slow, making it particularly burdensome to do after the

end of an eight-hour shift.

Despite these concerns, about half of interviewees still said they report incidents. One operator

described going out of his way to find incidents and report them:

“More than once, I found lots of remnants from drug use syringes... One day, there
would be anywhere from 10 to 30 people, partying and sleeping on... And I intentionally
took that work for six months after the shift every day. I would go in, I'd get on the
computer, and 1'd write two to three reports on what was happening out there.”

Investigate risk perceptions and impacts associated with drug use incidents:

Perceived severity and susceptibility of drug exposures:

Interviewees expressed both perceived severity and perceived susceptibility related to drug use

incidents. An operator said that “every time [there is a drug use incident] is dangerous” and that
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even for operators who experience fewer incidents, they “ratchet up in severity.” Operators
expressed concern over the effects that these exposures have on the health of riders. One operator

said:

“If you look at the studies of the residue from methamphetamines, that stuff stays on there
for a long time. It's not the easiest thing to get rid of. So, there's always those concerns of
having to go to the back or anywhere and touch anything on the bus. Most of us don't
even want to leave the driver compartment because we're afraid of touching something.”

Controllability, process, and age of victims:

Outrage factors were themes of interest. Among the most common outrage factors discussed by
interviewees was controllability, with operators describing “the feeling that you are trapped” and
feeling like a “hostage having to breathe it in.” One operator described, “/t would make me mad

because I knew that there's nothing I could do.”

Process was another outrage factor discussed by interviewees, in particular that management
does not acknowledge passenger drug use as a problem, and therefore does not intervene to

stop/prevent it. An operator said:

“I would like management chiefs, superintendents, the general managers — take it more
serious than what they did... They're sitting in their offices and not boots on the ground,
and they have no idea what we're going through. They hear it, but they don't know for
sure, and they didn't do anything. It would have been nice to have some support. For
them to protect this.”

Operators also called for operator involvement in company conversations and decision-making

regarding passenger drug use.

The age of passengers who may be exposed to secondhand drug residue was mentioned
repeatedly throughout interviews, highlighting again how operators feel protective of their
passengers. Many operators said there is potential for vulnerable populations such as children

and the elderly to be exposed to secondhand drug residue. One operator described an overdose
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incident she witnessed in which a man with children overdosed and was resuscitated, expressing

concern for the well-being of the children.

Physical and mental health impacts.:

Interviewees reported both physical and mental health impacts attributed to passenger drug use.
Physical health impacts were primarily short-term impacts, directly after a passenger drug use
incident, such as shortness of breath, feeling sick, headaches, and dizziness. In some incidents,
operators described requiring medical attention and time off work due to these short-term
impacts. Some operators also reported experiencing long-term physical health impacts which
they said were related to passenger drug uses, such as high blood pressure due to the stress of

handling these incidents, long-term respiratory difficulties, and trouble sleeping.

More than half of interviewees said they had experienced long-term mental health outcomes.
Stress, related to repeatedly experiencing passenger drug use aboard vehicles, was the most
common. Operators described work-related anxiety due to concern over dealing with drug use
incidents; for some operators, this anxiety was severe enough to warrant anti-anxiety medication
prescriptions. One operator described his mental health impacts and needing to take time off, “/
thought several times this isn't the job for me. I can't do this mental stress anymore. I have taken
FMLA [Family and Medical Leave Act] for anxiety and stress and it was hard.” Another
operator described that he “would wake up dreading going to work” and that he “became a

recluse.”

Emotional impacts:

The majority of interviewees said they had emotional impacts related to passenger drug use.

Short-term impacts included anger and frustration that these incidents are occurring. In the long-
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term, operators described feeling hypervigilant, mentally distraught, less empathetic, and more
negative towards society. One operator said, “/ used to love working for the bus and streetcar
and [then] it was demoralizing... It cost me years and years of peace and tranquility.” Another
operator described, “I started not liking myself because I was losing that compassion and

empathy and it was changing me.”

Explore existing supports and unfulfilled needs pertaining to drug use incidents on transit:

Operators take safety into their own hands:

Many interviewees described taking safety into their own hands to protect themselves from
secondhand exposure to drugs, because of the lack of support from management and the
inadequacy of existing supports (such as increases in the number of available security personnel).
Some operators have opted to buy their own personal protective equipment (PPE) such as
respirators; however, one operator who purchased a P100 respirator described being told by

management that she was “not allowed to wear that respirator.”

A light rail operator said, “I bring a roll of masking tape and I literally tape off my air vents,” in

an effort to reduce her inhalation exposure to drugs.

One operator described multiple ways in which she protects herself:

“I have figured out that I am the only one that's going to take care of me in these
situations... I mean, there isn't immediate help, so what I have learned is to take care of
myself. I carry an N95 mask on me close by, within reach so I can just pop it on, and |
found that that actually seems to help... I've also gotten to the point where I don't really
care what the control center says. If I need to take care of myself, if [ need to stop, if [
need to get off the train — I'm going to do it. So I've gotten pretty bold about protecting
myself because I know that there really isn't anybody else that's going to. I'm sort of out
there on my own... Another way I protect myself'is blocking off the area directly behind
my cab. I carry these chains that we can use to block it off. I'll use caution tape if I have
to. And I do that to protect myself, at least from that real close contact.”
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Many operators have sought professional mental healthcare services to help them deal with the
impacts of repeatedly observing drug use incidents. While some peer-to-peer counselling
services exist within transit agencies, operators reported these services to be ineffective and

inefficient, noting a lack of adequate staffing.

Call for engineering controls:

Across interviewees, there was a resounding call for engineering controls. Coach operators
repeatedly mentioned the need for a physical barrier to protect them from passengers. Per
operators, there has been “talks about putting in a shield” or “implementing safety doors.” Other

coach operators described their preference for a completely enclosed operator cabin.

There was also a call for better ventilation controls, primarily among light rail operators, who are
already in a completely enclosed operator cabin. One operator described the ventilation in light

rail vehicles:

“One of the designs of the trains is all the positive air pressure that comes into the car
vents itself out through the [operator] cabin. So there are louvers that shut to minimize
the amount of air that comes from the cabin, but they don't work on the Japanese trains...
With the Japanese trains, you had to literally turn the air conditioning system off which
meant the train would get really cold and you'd get complaints.”

3.4 Discussion

This study is the first to qualitatively characterize transit operators’ experiences with passenger
drug use and its impacts on operator health and well-being. Operators told us they experience
drug use incidents frequently on their vehicles, and these exposures can result in a range of
impacts, including physical health symptoms, mental health effects, and emotional impacts. The
shared experience of these impacts in our interviewees highlights the need for intervention, not

only to promote the occupational health and well-being of this worker group, but also to reduce
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turnover due to these impacts and ensure that transit systems can continue to provide effective

service to communities.

A novel finding of this study was that operators with seniority are able to select routes and
regions with lower perceived risk of exposure, leaving newer operators at disproportionately
higher risk of experiencing passenger drug use incidents. Interviewed operators indicated that
newer operators are also less likely to advocate for themselves for fear of being fired, potentially
contributing to higher rates of turnover among newer transit operators, which was also reported
by interviewees. Therefore, newer operators may particularly benefit from targeted supports and
interventions to reduce passenger drug use on higher-risk routes. Interviewed operators said that
employers do not acknowledge the impact that drug use incidents have on operators, despite their
frequent occurrence on transit vehicles in the Pacific Northwest. Operators told us this results in
their feeling invalidated and disrespected by their management. Operators said they are less
likely to report safety incidents occurring on their vehicle when they do not believe that they will
receive timely help. It is possible that this lack of reporting leads to a cyclical issue: as employers
receive fewer reports, they intervene less, contributing to increased operator frustration; future
research should investigate this potential issue further. Operators told us that lack of support is
one reason they feel they must handle incidents on their own, putting their personal safety at risk.
Future research should aim to identify evidence-based workplace supports that would most

benefit transit operators.

Interviewed operators told us about how they perceive the risk of exposure to secondhand drugs,
and our thematic analysis found common outrage factors shared across interviewees. As risk
perceptions can impact health, specifically mental health,!” it is important to intervene on factors

contributing to risk perceptions. Outrage over process (how trustworthy and fair employer
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decision-making seems to the worker, and whether decisions address worker concerns) can be
reduced if management actively aims to address operator safety concerns regarding passenger
drug use, and includes operators in decision-making regarding operator safety. Research has
shown that promoting employee participation in workplace safety committees and inclusion in
the safety process can be effective to improve occupational health and safety.>® Thematic
analysis of interviews also found operators experience outrage over controllability. Facilitating
resources that operators can access to protect themselves from exposure (e.g., company-provided
PPE, timely responses from supportive security to remove drug users from vehicles) can help

operators feel like they have agency to prevent or reduce their exposure.

This study is also the first to assess the acceptability of existing supports provided to transit
operators in the context of passenger drug use. While some supports such as increased security
exist, operators reported that they still have unfulfilled needs, leading operators to take steps to
protect themselves. Within the hierarchy of controls,?! eliminating a hazard is the most effective
method of hazard control and should therefore be prioritized; public health in the United States
has also long supported smoke-free workplaces.** However, most operators reported using PPE
(i.e., respirators) or administrative controls (e.g., security) to protect themselves from exposure to
passenger drug use, which are less effective hazard controls per the hierarchy of controls.?!
Engineering controls, such as the enclosed driver cabin or improved ventilation that transit
operators identified in these interviews, are considered more effective hazard controls.®! If
passenger drug use on transit vehicles cannot be fully eliminated, then implementing engineering
controls, which would need to be properly evaluated for effectiveness and acceptability, could
help reduce transit operators’ secondhand exposure to passenger drug use. The implementation

of such engineering controls could also have impacts on mental health, as research has also
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shown that when employers are perceived to be responsive to worker health and safety concerns,
workers experience reduced adverse mental health outcomes associated with workplace safety
climate.*® However, engineering controls would not protect passengers, and would not reduce the
mental health and emotional impacts associated with witnessing drug use incidents. Further
research should investigate the implementation of hazard controls in transit systems, and
evaluate which specific methods of control are most effective in reducing operators’ exposure to

passenger drug use and its impacts.
3.5 Limitations

Qualitative research is inherently prone to subjectivity*'; it is not possible to separate interpretive
work from the researcher doing the work. However, we mitigated our bias by using strategies to
improve credibility and transferability.*? Reflexivity (i.e., acknowledging personal biases)*?
helped us improve the credibility of this work.** Additionally, by using multiple coders, we
reduced the likelihood that the perspectives of one researcher clouded the experiences of
interviewees. Due to its small sample size and unequal representation from the three union
locals, the findings of this study may be difficult to generalize to a larger population. In addition,

4445 in conjunction with its higher

the recent emergence of fentanyl as a commonly misused drug,
prevalence in Western United States, may mean that the rest of the American population may not
have previously experienced these types of issues. Despite these limitations, by using rich, thick

descriptions (i.e., detailed descriptions of interviewee experiences),*® transferability is promoted,
as readers are provided with adequate contextual information to consider for themselves how this
work may be transferable to other situations or settings.****¢ This work is likely impacted by the

healthy worker effect,*” and therefore may underestimate the severity of experiences of newer

transit operators.
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3.6 Conclusions

Transit operators are essential in providing transportation to the communities they serve. With
passenger drug use on transit putting operators at risk of secondhand exposures, it is important to
investigate the impacts of these exposures, and identify unfulfilled needs of operators pertaining
to these passenger drug use incidents. Interviewees told us that these incidents result in physical
health, mental health, and emotional impacts on transit operators. Furthermore, operators told us
they feel unsupported by management and that existing supports are inadequate, and called for
the implementation of engineering controls. Understanding these impacts and unfulfilled needs
can help inform future research to evaluate interventions that address these concerns and
improve the work experience of transit operators, ultimately ensuring that operators can continue

providing safe and reliable service to their communities.



Chapter 3 Tables

Table 1: Work characteristics of interviewed transit operators (n=19)

n (%)

Union Affiliation

Vehicle type

Length of employment

Seattle
Portland

Lynnwood

All coaches (40ft and 60ft coaches)
401t coach only
Light rail or streetcar only

Coaches and light rail/streetcar

<5 years
5-9 years
10-14 years
15-19 years

>20 years

13 (68.4%)
3 (15.8%)
3 (15.8%)

12 (63.2%)
2 (10.5%)
2 (10.5%)
3 (15.8%)

2 (10.5%)
8 (42.1%)
2 (10.5%)
2 (10.5%)
5(26.3%)

56
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Table 2: Key themes from interviews of transit operators (n=19). categorized by research
objectives

Research objectives

Key themes identified

Interpretation and
recommendations

Understand
characteristics of job

1. Job satisfaction

2. Transit operators are
responsible for the safety and
well-being of passengers

Overall, operators are satisfied
with their jobs. Many operators
feel a sense of responsibility for
their passengers and communities.

Characterize transit
operators’ experiences
with passenger drug use
incidents

1. Agencies do not care about
operators

2. Frequency of observed drug
use

3. Seniority protects operators
from drug use incidents

4. Varying opinions on the value
of reporting

Despite transit operators reporting
frequent drug use incidents, they
feel unsupported and invalidated
by their employers, with some
operators feeling that reporting
these incidents to management has
become ineffective. Promoting
operator participation in workplace
safety®® may help increase trust
between operators and
management. Future research
should aim to identify evidence-
based interventions that employers
can adopt to protect transit
operators from these incidents.

Investigate risk
perceptions and impacts
associated with drug use
incidents

1. Perceived severity and
susceptibility of drug
exposures

2. Controllability, process, and
age of victims

3. Physical and mental health
impacts

4. Emotional impacts

Transit operators reported being
impacted by drug use incidents.
Risk perceptions, which can be
exacerbated by outrage factors, can
impact health!’. Facilitating
resources that operators can access
to protect themselves can help
operators feel like they have
agency to reduce their exposure,
which could change risk
perceptions and reduce impacts.

Explore existing supports
and unfulfilled needs
pertaining to drug use
incidents on transit

1. Operators take safety into
their own hands

2. Call for engineering controls

Despite some existing supports,
transit operators have unfulfilled
needs. Future research should aim
to evaluate potential interventions
to reduce the impacts of these drug
use incidents on transit operators.
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Chapter 4: Weather-related trends in drug use incidents aboard transit
vehicles

4.1 Introduction

Over the past decade, trends in drug misuse in the United States have changed, including
increasing prominence of fentanyl misuse in the Pacific Northwest.!* In Washington State, this
drug use often occurs in public indoor spaces, such as public transit vehicles.> Reports from
transit operators and data from transit agencies have indicated that these drug use incidents occur
regularly on public transit vehicles.>® Previous research has shown that drug use on transit
vehicles creates potential for transit operators and the riding public to experience secondhand
exposures to these drugs.’ It is therefore necessary to understand and intervene on factors that

contribute to drug use aboard transit vehicles.

Research has shown that drug use in the United States tends to be more prevalent during periods
of warmer temperatures.® Data from the Washington State Department of Health has indicated
that from 2019 to 2023, drug-related emergency department visits and emergency medical
services responses peaked during the second and third quarters of the year, aligning with the
warmer months of the year.” These trends may be due to increased access to drugs and a higher

rate of drug use initiation during summer.'°

Despite these trends, transit operators have indicated concern that people who use drugs
(PWUD) seek transit vehicles as shelter to escape from inclement weather,? which could result in
higher rates of drug use incidents on transit vehicles in periods of poorer weather conditions.
While research has yet to investigate if there is a relationship between inclement weather and

drug use incident frequency on transit vehicles, it is well-documented that unhoused populations
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are simultaneously more likely to seek shelter in colder weather!! and disproportionately
impacted by substance misuse.!?"'* Without access to safe consumption sites, ' it is possible that
PWUD will use on transit vehicles during periods of low temperatures, high precipitation, or
high wind speeds. It is also possible that in winter months with less daylight, transit vehicles

provide a well-lit environment to facilitate drug consumption.

While ridership on transit vehicles experienced a sharp decline between 2020 and 2022 due to
the COVID-19 pandemic, these rates have been increasing since 2022 and have been restored to
pre-pandemic rates.'®!” As drug misuse has also increased during this time, examining trends in
drug use incidents on transit vehicles in 2022 can be an effective starting point in informing
policy interventions to protect transit operators and public health. To date, there is no research
characterizing temporal and weather-related factors that contribute to the frequency of drug use
incidents on transit vehicles. This information can help guide targeted interventions to protect

operators and the riding public on higher risk routes during peak times for drug use on transit.

This study characterizes the frequency of drug use incidents on public transit vehicles in King
County, Washington (USA) in 2022, and investigates temporal and weather factors that may be
associated with the frequency of drug use incidents, such as daylight hours, temperature,
precipitation, and wind speed. We hypothesized that on days with fewer daylight hours (i.e.
winter months rather than summer months), drug use is more likely to occur on transit vehicles,
as vehicles provide a well-lit environment to facilitate drug consumption. Furthermore, we
hypothesized that PWUD are more likely to use drugs on transit vehicles during poorer weather
conditions (lower temperatures, higher wind speeds, and more precipitation). To date, no
research has investigated how weather and daylight conditions relate to drug use incident

frequencies, and the results of this study can guide the timely interventions that reduce the
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occurrence of drug use on transit vehicles, therefore protecting operators and the riding public

from secondhand exposures.
4.2 Methods
Dataset:

This study used a dataset of drug use incidents reported by transit operators in King County,
Washington in 2022 (n=1,518), which includes details about each incident (date, vehicle type,
security incident type, incident time, and a free-text description of the security incident). This

dataset was provided to researchers by a transit company in King County, Washington.

We used this dataset to tabulate the daily frequency of incidents from January 1 to December 31,
2022. Using publicly available weather data,'® we identified the temperature (daily maximum
and daily minimum), precipitation (quantity of rain/melted snow/snow/ice/hail), and average
wind speed on each day in 2022 in King County, taken from one weather station at Boeing Field
in central King County. Average daily temperature was calculated as the mean of the daily
maximum and daily minimum temperature. We also collected daylight hours data for 2022 from
the National Centers for Environmental Information.'® These variables were selected to test the
hypothesis that low temperatures, high precipitation, high wind speeds, and a lack of daylight
outdoors are associated with higher rates of drug use incidents on transit vehicles. The final
dataset for analysis consisted of date, number of incidents, temperature values, quantities for

precipitation, wind speed, and daylight hours; these variables are summarized in Table 1.

Analysis:

All data analysis was conducted using R statistical software.?’ Data were first analyzed

descriptively. We geographically mapped data using the incident coordinates provided in the
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dataset and visually inspected the map for overall trends in incident occurrence. We visually
depicted the trends in daily frequency of reported incidents by plotting the number of incidents
reported each day. We developed summary tables, including total counts, means, standard
deviations, and ranges for the number of reported incidents per day, and trends in daily weather

and daylight conditions.

We developed scatterplots with smooth locally estimated scatterplot smoothing (LOESS) lines to
visually examine the relationship between the frequency of incidents per day and a) average
daily temperature, b) precipitation, ¢) wind speed, and d) daylight hours. This also helped check
for linearity, to determine if data transformations (such as log-transformations) were needed.
Weather variables were compared to each other using Pearson’s correlation coefficients to

determine if any were highly correlated.

We ran Poisson regression models for the daily count of reported drug use incidents in 2022.
First, we conducted bivariate models for each weather variable (average daily temperature, wind
speed, precipitation, and daylight hours). Then, we developed a full model, in which we included
average daily temperature, wind speed, precipitation, and daylight hours as covariates. In all
models, we controlled for the day of week to account for variability in transit service hours on
weekends, using the weekday with the most incidents as the reference group. The average
weekday ridership for each month, collected from publicly available data published by the transit
agency,!’ was included as a log-transformed offset term in all models, thereby accounting for
potential differences in ridership count in different months. Offset terms are not estimated by the
model, but rather standardize the incident count data across differing ridership numbers 21?2,

Variance inflation factors (VIFs) were calculated to check for multicollinearity; any variables

with VIF>5 were excluded from the model. Coefficients from the regression model were
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exponentiated to calculate incidence rate ratios (IRR), which reflects the change in incident

counts per day associated with a one-unit increase in the predictor of interest.

4.3 Results

From January 1 to December 31, 2022, 1,518 drug misuse incidents were reported (mean daily
incident count = 4.2 incidents/day). Figure 1 depicts a map of all reported incidents in the dataset
that contained geographical coordinates data (n=1,504). One coach route, between Tukwila and
Federal Way, had disproportionately more incidents, accounting for 31.8% of all reports in 2022
(483 incidents); however, two other routes in South King County and one route in North King

County also had over 50 incidents each.

Figure 2 shows a time-series plot of daily reported incident counts, and Table 2 summarizes
reported incident counts by month. The highest number of incidents was reported in April
(n=219), with an average daily count of 7.3 incidents. The lowest number of incidents was
reported in December (n=40), with an average daily count of 1.3 incidents. Table 3 summarizes
weather and daylight conditions by month. Daylight and temperature values were highest in
summer months and lowest in winter months, while wind was highest in winter and spring and

precipitation was highest in winter.

Scatterplots of daily incident counts versus weather and daylight conditions, with smooth
LOESS curves and the 95% confidence intervals, are shown in Figure 3; these plots also include
a linear model for comparison. Temperature had a slightly negative relationship with incident
count such that there were fewer incidents with increasing temperatures, while wind speed had a
slightly positive relationship with incident count. These scatterplots show that, for the most part,

the linearity assumption is met, suggesting that no transformations were needed.
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Correlation coefficients showed a strong correlation between temperature and daylight (r=0.71),
and a moderate correlation between wind speed and precipitation (r=0.31); all other variables

showed weak correlation.

Table 4 shows results from our bivariate Poisson regression models. Higher temperature was
significantly associated with lower incident count, such that a 1 degree Fahrenheit increase in
temperature was associated with a 2% decrease in the expected reported drug use incident count
(IRR: 0.98; 95% CI: 0.98, 0.99). Wind speed was significantly associated with higher incident
counts, such that a 1 mph increase in wind speed was associated with a 25% increase in the
expected reported drug use incident count (IRR: 1.25; 95% CI: 1.05, 1.47). Table 5 shows results
from our full Poisson regression model. Accounting for other covariates, higher temperature
remained significantly associated with lower incident count (IRR: 0.96; 95% CI: 0.95, 0.97);
however, wind speed was no longer significantly associated with incident count (IRR: 1.02; 95%
CI: 1.00, 1.04), indicating that the variance attributed to wind speed in the bivariate model was
explained by the other weather variables. In the full model, number of daylight hours was
significantly associated with higher incident counts, such that a 1 hour increase in daylight hours
was associated with a 14% increase in the expected reported drug use incident count (IRR: 1.14;
95% CI: 1.11, 1.17). All variables in the model had VIF<S, suggesting no concern for

multicollinearity.
4.4 Discussion

One coach route accounted for nearly a third of all reported drug use incidents. While this
specific route and its characteristics are unique to King County, WA, the existence of drug use

hotspots is common in other major cities in the United States.?® Therefore, it is likely that other
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cities exhibit similar patterns in drug use on transit, where specific routes experience

disproportionately higher rates of drug use.

Reported drug use incidents in 2022 in King County demonstrate clear temporal trends, with
April being the peak month for reports to be filed. While December had the lowest counts, it is
possible that this is due to underreporting during the holiday season. Aside from this deviation in
December, we observed clear trends with the highest incident counts in spring, and the lowest
counts in late summer, suggesting potential seasonal trends in reporting drug use. In our
regression model, we found that daylight hours were significantly positively associated with drug
use incident counts. While this aligns with the temporal trends, it contrasts our hypothesis, as we
expected that on darker days, PWUD would be more likely to use drugs in well-lit areas like
transit vehicles, which would be reflected through increased reports on those days. It is unclear
whether increased daylight hours are a cause of increased incident counts, or if another
unmeasured variable (such as increased drug availability in summer'®) is the reason for the

association between daylight and incident counts.

Consistent with transit operator reports, we found that the number of reported drug use incidents
were related to weather conditions. Scatterplots of incident counts against weather conditions
showed that wind speed had a positive relationship with incident counts, supporting our
hypothesis that, as outdoor windspeeds increase, it would be more difficult to smoke drugs,
driving PWUD indoors and onto transit. Temperature was negatively related with incident
counts, which supports our hypothesis that, as the outdoor temperature is colder, PWUD prefer
to use drugs in indoor spaces such as transit vehicles, which are warmer. While warmer spring
months showed a peak in the raw count of reported drug use incidents, when accounting for

ridership, our regression model showed that the IRR of drug use incidents on board transit is
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higher in colder months when all other weather covariates were controlled for. In our regression
model, we found that temperature had a significant association with incident counts, where a 1
degree Fahrenheit increase in temperature corresponded to a 4% decrease in the expected drug
use incident count for the same amount of ridership. In July 2022, which had the highest daily
temperature in 2022, comparing the hottest day in the month (average temperature of 80.0°F) to
the coldest day in the month (average temperature of 56.0°F), we could expect up to 96% higher
reported drug use incident counts on colder days than warmer days in the same month, if all
other weather conditions remain unchanged. This highlights the need to focus interventions on
colder days, as these are the days where there is the highest risk of drug use incidents on transit

vehicles, assuming the reporting is an appropriate proxy measure for actual use.

Research conducted by the U.S. Federal Transit Administration (FTA) found that 68% of urban
transit systems were in need of interventions to reduce safety risks towards workers?*; while this
study was focused on general safety, many of its findings remain applicable to passenger drug
misuse incidents. Across transit agencies in the United States, the most prevalent interventions
were focused on increased education, awareness, and surveillance.?* While these interventions
may be impactful, they do not explicitly eliminate the hazard itself in the context of passenger
drug misuse incidents, which per the hierarchy of controls is the most effective method to
promote a hazard-free workplace.?> The FTA report identified other interventions that have
lower rates of implementation, such as protective barriers for the operator area or improved
security patrolling to remove passengers that pose a risk?*; these interventions do reduce the
likelihood of exposure to the hazard from the workplace, and when implemented, exhibit high
rates of effectiveness.?* These interventions can also protect the riding public from secondhand

exposures, and create a safer transit environment overall.
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Transit operators are not equipped to handle drug use incidents on board their vehicle; however,
it remains important that interventions to protect operators and the riding public are implemented
without further stigmatizing PWUD. While it is not possible to intervene on the weather, it is
possible to intervene on the need for PWUD to escape inclement weather. Per the hierarchy of
controls,?® eliminating a hazard is the most effective control; this means removing drug use from
transit vehicles. Therefore, on days with low temperatures and inclement weather, proactive
efforts to redirect PWUD to other forms of shelter can reduce the likelihood of drug use incidents
on transit. However, research has shown that arresting PWUD is not an effective solution, as
these traditional policing methods are associated with higher risks of future overdoses.?’ Instead,
providing access to programs that move PWUD to treatment pathways rather than incarceration

have been shown to have greater effectiveness in decreasing future drug use.®

PWUD who are unhoused in King County, WA ,currently have limited recourse to seek shelter.
Safe consumption sites may provide alternatives for PWUD who seek shelter, while also offering
medical professionals and resources for those who use drugs.?’ Despite social stigma and
governmental pushback over the implementation of safe consumption sites,?’ these sites have
been shown to reduce mortality risks and reduce harm to PWUD.3%-3? Similarly, promoting
shelters for the unhoused that adopt harm reduction strategies can be useful for PWUD who want
to escape inclement weather. Housing First initiatives, which aim to provide shelter to unhoused
populations without any conditions regarding substance misuse, have been shown to be
successful in reducing rates of homelessness, while not increasing rates of substance misuse.>
While there are no safe consumption sites and few harm reduction shelters in King County, the
promotion and development of such sites may be highly impactful in reducing the frequency of

drug use on transit vehicles. Such interventions can not only improve the well-being of transit
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operators and the safety of passengers, but can also reduce drug overdoses in the community by

D’30732

providing access to medical care for PWU aligning with public health goals in King

County, Washington State, and the United States.>**

This work provides a starting point for research that investigates the relationship between
weather and drug use on transit. The clear temporal trends can inform transit operators and their
employers on when to deploy interventions such as increased personal protective equipment or
increased security. Furthermore, as temperature had a clear relationship with incident counts,
efforts to reduce drug use on transit can be focused more on days with lower temperatures. In
sum, the results here provide another tool to guide policy and interventions that reduce drug use

on transit and protect both transit operators and the riding public.
4.5 Limitations

This study has some limitations. As this study only uses data from King County, WA, the
findings of this study may not be generalizable to transit systems in different regions, where
trends in drug misuse on transit vehicles and its relationship to weather may vary. While we had
access to a number of weather-related variables, all weather data was taken from one weather
station in King County, as other weather stations did not have complete sets of data. Given that
weather trends can vary in different regions of King County, this may have impacted our ability
to develop a more accurate regression model. Our analysis also does not consider weather and
daylight at the specific time of the incident; given that weather can change during the day, it is
possible that these drug misuse incidents occur on transit during moments of inclement weather
(e.g. brief rain) or in the evening (when there is less daylight and colder), even if the average

daily values reflect a lack of inclement weather.
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Furthermore, our initial dataset was likely affected by underreporting, as there is no way to
ensure that transit operators notice or report incidents. Operators on busier routes may have
greater difficulty spotting drug use incidents, and those on routes where drug misuse is prevalent
might opt to not report every incident. This study also does not consider variables other than
weather and daylight that may the frequency of drug misuse on transit vehicles. These factors

likely impacted the estimates from our regression model.

4.6 Conclusions

This study is the first to describe drug use incident trends on transit vehicles in King County, and
investigate the relationship between weather and daylight conditions and incident counts. Our
study found temporal trends in drug use incident frequency, and that temperature is likely related
to drug use incident counts, supporting our hypothesis that lower outdoor temperatures are
associated with greater drug use on transit vehicles. The findings here provide direction for
transit operators and transit agencies on when and where to focus interventions that reduce drug
use incidents (e.g. increasing security) and reduce operator and public exposure to secondhand

drug use (e.g. using personal protective equipment).
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Chapter 4 Tables and Figures

Table 1: Summary of variables included in analysis

Variable Calculation (if applicable) Source

Daily count of drug use incidents Count per day Dataset of drug incidents

Latitude and longitude of
Provided from source Dataset of drug incidents
incident

Time and date of incident Provided from source Dataset of drug incidents

Mean of daily maximum and daily

Average daily temperature (F) 18

minimum temperature

Precipitation (in) Provided from source 18
Average wind speed (mph) Provided from source 18
Daylight hours (h) Provided from source 19

Average weekday ridership

Provided from source 17

every month




Table 2: Distribution of drug incident counts by month in King County (n=1,518)
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Average
Lowest daily Highest Mean daily
Month N SD Weekday
count daily count count

Ridership
January 138 1 10 4.5 2.4 225,823
February 184 1 15 6.6 3.5 224,220
March 174 1 11 5.6 24 269,788
April 219 2 20 7.3 3.8 285,295
May 188 1 15 6.1 3.2 297,991
June 132 0 10 4.4 2.6 300,354
July 76 0 6 2.5 1.8 304,012
August 63 0 6 2 1.6 302,169
September 89 0 9 3 2.7 319,372
October 104 0 11 3.4 2.6 333,731
November 101 0 9 34 2.3 312,201
December 40 0 6 1.3 2 269,780




Table 3: Weather and daylight by month in King County in 2022
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Daily
Avg, Daily Temp Avg. Wind
Precipitation Daylight (h)
(F) Speed (mph)
(inches)
Range Range Range Range
Month
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
25.0-49.5 0-13 0-123 85-95
January
41.0 (5.0) 0.1 (0.3) 4.4 (2.9 9.0 (0.3)
30.0-51.5 0-14 2.0-10.1 9.6-11.0
February
42.5(5.2) 0.1(0.3) 5.1(2.4) 10.3 (0.4)
37.0-57.0 0-04 1.1-9.6 11.1-12.8
March
474 (4.4) 0.1 (0.1) 4.8 (2.1) 11.9 (0.5)
40.5-59.5 0-04 29-145 129-144
April
47.7 (4.5) 0.1 (0.1) 6.5 (2.8) 13.7 (0.5)
46.0 — 60.5 0-0.5 1.8 -12.1 14.5-15.7
May
53.2(3.9) 0.1 (0.1) 5224 15.2 (0.4)
54.5-75.5 0-09 2.0-94 15.7-16.0
June
61.7 (5.1) 0.1(0.2) 4.6 (1.8) 15.9 (0.1)
56.0 —80.0 29-17.6 15.0-15.9
July 0
68.9 (5.9) 43(1.1) 15.5(0.3)
63.0—-79.5 2.7-8.5 13.4-14.9
August 0
69.9 (4.0) 4.6 (1.4) 14.2 (0.5)
59.0-71.0 1.8 -10.5 11.7-13.3
September 0
64.8 (2.9) 4.2 (1.8) 12.5 (0.5)
October 47.0 - 66.0 0-0.6 1.1-12.3 10.0-11.7



57.0(5.9)

33.5-50.5
November

41.2 (3.4)

20.5-51.0
December

38.8 (6.9)

0.1(0.1)

0-1.0
0.2 (0.3)
0-1.0

0.2 (0.2)

43(2.9)

0.7-12.5
42(2.9)
04-12.1

49(3.2)

76

10.8 (0.5)

8.8 10.0
9.3 (0.4)
8.4-8.7

8.5 (0.1)




Table 4: Bivariate Poisson regression models for drug use incident count (n=365 days)

Predictors IRR 95% CI1

Average daily temperature (F) 0.98 0.98, 0.99
Precipitation (inches) 1.23 0.95, 1.56
Average wind speed (mph) 1.25 1.05, 1.47
Hours of daylight 1.01 0.99, 1.03

Bold indicates p<0.05.

Tl



Table 5: Full Poisson regression model for drug use incident count (n=365 days)

Predictors IRR 95% CI
Average daily temperature (F) 0.96 0.95, 0.97
Precipitation (inches) 1.01 0.76, 1.33
Average wind speed (mph) 1.02 1.00, 1.04
Hours of daylight 1.14 1.11,1.17
Day of week (REF: Friday)
Monday 0.96 0.80, 1.15
Tuesday 0.98 0.81,1.17
Wednesday 0.84 0.69, 1.01
Thursday 0.89 0.74, 1.08
Saturday 0.91 0.75, 1.10
Sunday 1.01 0.84,1.22

Bold indicates p<0.05.
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Figure 1: Map of drug use incidents in King County, WA (n=1,504). Panel A shows incidents
clustered by location; B shows every incident as an independent data point
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Figure 2: Time-series plot of daily reported drug incident counts in King County in 2022

(n=1,518)
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A. Incident count vs. temperaure B. Incident count vs. wind speed
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Figure 3: Scatterplots with smooth LOESS curves of daily incident counts vs. weather and
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Chapter 5: Conclusion

The work presented here is among the first to examine passenger drug use incidents on transit
vehicles in the Pacific Northwest, and is the first to highlight the prevalence of drug use incidents
on transit vehicles in the Pacific Northwest and its impact on transit operators. Risk perceptions
of secondhand exposure to drugs are high among operators, and in conjunction with job
dissatisfaction and perceived occupational stress, can increase intent to leave. Operators reported
physical health, mental health, and emotional impacts associated with passenger drug use
incidents on their vehicle. Despite some existing supports, transit operators reported unfulfilled
needs pertaining to these drug use incidents, calling for implementation of additional controls.
Drug use incidents occur routinely on transit vehicles, especially during colder weather

conditions and on specific routes.

Given that transit operators are essential in providing safe and effective transit to their
communities, it is important to promote their workplace health and well-being, and reduce the
impact that these drug use incidents have on operator turnover. Follow-up research should
investigate these impacts further, using longitudinal data that tracks operators from the start of
their employment; this can elucidate the impacts of repeated exposure to drug use incidents over

the course of transit operators’ employment.

These findings also underscore the need for interventions to protect operators from both the risk
of secondhand exposure to drugs,! as well as the mental health and emotional impacts of
witnessing potentially distressing drug use incidents.>> However, with no research to date
evaluating interventions in the context of these drug use incidents, it is necessary to assess the

effectiveness of interventions that control transit operators’ secondhand exposure to drugs, such
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as changes to ventilation or protective barriers, prior to their implementation. Furthermore, as it
is of public health importance to create smoke-free workplaces,® the findings on the prevalence
of drug use incidents on transit underscore the need for elimination of drug use on transit and
interventions that create a safer workplace climate for operators. Future research should
investigate methods to redirect PWUD to safe alternative forms of shelter. Such research can
inform policies that promote harm reduction strategies in shelters for PWUD. Ultimately, the
work presented here provides a starting point for future research that aims to reduce transit

operators’ exposure to drug use incidents and its impacts.
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Appendix 1: Qualitative semi-structured interview guide

Interview Questions:
Let me start by asking you a few basic background questions.
1. What agency and union local are you affiliated with?

2. How long have you been a transit operator or transit driver?

(98]

What type of vehicle do you typically operate?

b

To kick things off, briefly, I’d love to hear a bit about your experiences generally as a transit
operator. Is there anything you particularly like or dislike about your job?

Now, I’d like to home in a bit on your experiences with passengers using drugs aboard your vehicle.
5. How often have you experienced passengers using drugs aboard your vehicle?

a. Follow-up (if they have not experienced): Have you heard about this from other
operators?

b. Follow-up (if they have not experienced): Why do you think you haven’t experienced it?
6. Typically, on a day-to-day basis, what does drug use on your vehicle look like?

a. Inthe moments that these incidents happen, how does that make you feel?

b. Do you typically report these incidents? Why/why not?

c. Ifthese incidents happen repeatedly, how has this affected you long-term, both during
and outside of work? Physically and mentally?

7. Thinking back to when you first started your job to today, how would you describe the impact
that passenger drug use has had on you during this time?

8. Have you had any particular instances with passengers using drug that were particularly
noteworthy?

a. Probes:
i.  What happened?
ii. What are you supposed to do when this happens? What did you actually do?
1. Ifthey don’t align: Why do you do something different from guidelines?
iii. How did you feel?

b. How has that one instance changed you, both in and out of work?

Now let’s shift gears a bit. I want to ask you about the kinds of supports you get or don’t get regarding
passenger drug use.
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9. What kind of help or supports do you currently get regarding passenger drug use?
a. Probes:

1. Are there any supports you get from your employer or union before these
incidents happen that help prepare or protect you?

1. Do you feel that these supports are working?

2. s there anything you feel your employer or union could do before these
incidents happen that they don’t currently do, that could have better
prepared or protected you?

ii. Are there any supports you get that are helpful to you during these incidents?
1. Do you feel that these supports are working?

2. Is there anything else you feel could be helpful to you during these
incidents that isn’t currently offered?

iii. Are there any supports you get that are helpful for you after dealing with a drug
use incident?

1. Do you feel that these supports are working?

2. s there anything else you feel could be helpful to you after dealing with
a drug use incident that isn’t currently offered?

Finally, to wrap up this interview, is there anything else you’d like to share about your experiences with
passenger drug use?



