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ABSTRACT

Fine particulate matter (PM2.5), the solid and liquid portion of air pollution under 2.5

microns in diameter, has been shown to cause numerous negative effects on the body. These

inhalable particles are often researched for their effects on the respiratory system in outdoor

settings, however systemic health impacts have been observed following inhalation of PM2.5.

Additionally, exposures to PM2.5 can occur in occupational settings but are less frequently

studied compared to outdoors. This literature review seeks to identify studies that determined

associations between inhaled PM2.5 and the resulting cardiovascular effects in occupational

settings. We conducted a search of literature studying PM2.5 exposures and cardiovascular

outcomes. We analyzed 31 articles pertaining to key cardiovascular effects of PM2.5 exposure in

occupational settings, finding associations in 93.5% of cases. Because limited literature focuses

on cardiovascular endpoints of PM2.5 specifically in occupational settings, it is important that

additional research is conducted in order to more fully comprehend the direct effects that PM2.5

has on the cardiovascular system and other related cardiovascular risk factors.
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1.0 Introduction

According to the World Health Organization, air pollution accounts for an estimated total

of 4.2 million deaths each year. Defined as unwanted, unhealthy chemical particles and

substances in the atmosphere, these particles are classified into either primary or secondary

categories.1 Whereas primary pollutants are emitted straight into the air, secondary ones are

resultant from the primary pollutants themselves. Examples of primary pollutants could be

carbon monoxide, nitrogen oxide, and sulfur oxide, whereas a common secondary pollution

could be ozone produced from nitrogen oxide reactions when VOCs, volatile organic compounds

that easily evaporate at room temperature into the surrounding air, react with the nitrogen oxide

and sunlight to create smog.2 The composition of air pollution consists of a mixture of solid and

gaseous particles in air. Most air pollutants arise from energy usage and production, often from

fossil fuels that are burned and release pollutants as a byproduct into the atmosphere.3 As a result,

the constant buildup of these particles results in increased likelihoods of health detriments to

humans, as well as adding to other existential problems such as climate change. Common effects

of long-term exposure of air pollutants include respiratory illness, heart disease, and nerve

damage, large problems that are dangerously prevalent today.

Under the Clean Air Act, the EPA has defined air pollution as one of six criteria, being

classified as either ground-level ozone, particulate matter, lead, carbon monoxide, sulfur dioxide,

or nitrogen dioxide.4 Of the particulate matter criteria, pollution is categorized as either being

coarse (PM10) or fine (PM2.5). Whereas PM10 is confined to pollution of equal to or less than ten

4 US EPA, “Criteria Air Pollutants.”
3 June 22 and Turrentine, “Air Pollution.”

2 “What Causes Smog?”
1 Daly and Zannetti, “An Introduction to Air Pollution – Definitions, Classifications, and History.”



micrometers in diameter, PM2.5 has a diameter of 2.5 micrometers or less. For the purpose of this

study, PM2.5 was the only PM size analyzed.

1.1 Fine Particulate Matter

Fine Particulate matter (PM2.5) is defined as any suspended particle that exists under a

size of 2.5 um in aerodynamic cross-length.5 These particles are, by definition of the United

States Environmental Protection Agency (EPA), inhalable under any circumstance.6 General

examples of PM2.5 are normally dust, pollen, and spores. PM2.5 can also be categorized as an

aerosol pollutant, or particles that have a liquid component to their makeup.6 Common examples

of PM2.5 as aerosols are dust, sea salts and volcanic ash, and combustion byproducts from coal

and auto emissions.

PM2.5 can result from a number of different sources, with common ones being from

construction sites, unpaved roads, fields, smokestacks, or fires.7 Combustion exclusively

accounts for most PM2.5 production, as the five U.S. cities that contribute the most fine pollutants

reside in California, one of the largest users of coal plants and natural gas factories.9 Other

potential sources are from nuclear plants and auto plants that give pollutants off as a byproduct

from energy production and manufacturing. Previous research has found that the highest amounts

of particulate matter are produced by metal industries (Pb, Zn, Fe, Mn), crustal/soil particles (Ca,

Si), motor vehicle traffic (EC, NO2), coal combustion (As, Se), oil combustion (V, Ni), salt

particles (Na, Cl), and Biomass burning (K).8

8 Thurston, Ito, and Lall, “A Source Apportionment of U.S. Fine Particulate Matter Air Pollution.” 11

“Fine Particle Pollution.”

7 US EPA, “Particulate Matter (PM) Basics,” April 19, 2016.
9 “The Particulars of PM 2.5.”

6 US EPA, “Particulate Matter (PM) Basics,” April 19, 2016.

5 Dockery and Pope, “Acute Respiratory Effects of Particulate Air Pollution.”
6 US EPA, “Particulate Matter (PM) Basics,” April 19, 2016.



According to a revision in 2012 from the EPA and dictated through the Clean Air Act, the

daily standard for primary and secondary PM2.5 is no greater than 35 ug/m3, alongside an annual

average of no greater than 12 ug/m3.11 However, it should be noted that these standards exist only

for outdoor air quality measures, and are separate from indoor and occupational standards.

Similarly, the World Health Organization air quality guideline released in 2021 recommended no

greater than 5 ug/m3 annually, with an hourly suggestion of 15 ug/m3 or less. Yet again, this

release was only a suggestion and has no enforceability in real-time.

1.2 Health Endpoints of PM2.5 Exposures

PM2.5 is one of the most dangerous environmental health problems for human health

systems. Due to its incredibly small size, PM2.5 is able to infiltrate deep into lungs as well as enter

the bloodstream, eventually traversing through the blood, and often affecting the entire body’s

functional ability by late stages.9 This can result in lung disease, heart attack, and other disruption

diseases such as arrhythmia and asthma, and is most often seen in the immunosuppressed,

elderly, and early aged children.5 There is also evidence to suggest a disruption of the endocrine

system, as metabolic disease likelihood has shown to increase with increasing amounts of PM2.5

intake.10 In addition to internal system impairments, external problems arise through potential

deficit of visual capability in the brain due to factors like obstruction of view and cloudedness.5

Cardiovascular Effects of PM2.5

Researchers Hamanaka and Mutlu detail that acute and chronic exposure to PM2.5

contribute to an increased risk of death from cardiovascular events including ischemic heart

10 Hamanaka and Mutlu, “Particulate Matter Air Pollution.”
9 US EPA, “Health and Environmental Effects of Particulate Matter (PM).”



disease, heart failure, and thrombotic stroke11. Additionally, the two suggest that long and

short-term studies indicate a correlation of PM2.5 with increased risk of myocardial infarction and

cerebrovascular disease, alongside a positive correlation between PM2.5 exposure and blood

pressure resulting from arteriolar constriction, a process more precisely defined as arteriolar

narrowing. When a person is exposed to PM2.5, research shows that inhaled particles can cause

massive damage in the bloodstream, leading to inflammation of blood vessels that can cause

blockages and clots, and thus resulting in cardiovascular events such as strokes or hypertension12.

Increased exposure has also been shown to decrease the functioning ability of cells in the body,

allowing for cardiovascular disease to become more prominent while lowering the immune

system’s ability to fight other cardiovascular effects from PM2.5
13.

1.3 Occupational Exposures

Occupational exposures are defined as any presence of hazardous materials within the

workplace that may affect the performance or overall risk of loss of function in said

workplace.14More specifically, occupational exposures involve direct intake from a direct source

within the work setting, and tests on these exposure types collect data from the person at the site

or from the site itself. Examples of studies to these exposures often include high exposure to

silica dust, asbestos, and welding fumes, and can be either in indoor or outdoor sites and

environments.. Sampling of these events is commonly conducted through the use of personal

monitors, devices directly attached to the subjects that continuously collect and measure PM2.5

14 “Workplace Pollution | Environmental Pollution Centers.”

13 Wyatt et al., “Low Levels of Fine Particulate Matter Increase Vascular Damage and Reduce Pulmonary
Function in Young Healthy Adults.”

12 Wyatt et al., “Low Levels of Fine Particulate Matter Increase Vascular Damage and Reduce Pulmonary
Function in Young Healthy Adults.”

11 Hayes et al., “PM2.5 Air Pollution and Cause-Specific Cardiovascular Disease Mortality.”



exposure levels by analyzing contamination in the air as it filters through the device. Another

frequently used sampling method uses devices that are instead at a stationary location, collecting

PM2.5 concentration and generalizing for larger areas. At this time, the Occupational Safety and

Health Administration (OSHA)  has set permissible exposure limits (PELs), eight-hour weighted

average values of concentrations that should never be exceeded in order to keep from hazardous

environments and toxic potential, on certain compounds.15 However, most of these PELs are for

specific gasses, and both the EPA and OSHA currently have no established PEL or guideline for

PM2.5 in the workplace, leading to potentially dangerous settings.

1.4 Current Study

In this study, a literature review was conducted by analyzing and comparing PM2.5

exposure instances in an occupational setting with the cardiovascular health effects that were

resultant. . We hypothesize that increased exposures to inhalable PM2.5 will be positively

associated with cardiovascular symptoms, as well as an overall increased risk of cardiovascular

disease. By conducting this literature review, we attempt to show the potential dangers of PM2.5 in

occupational settings while providing insight for future studies that seek to study the associations

between PM2.5 and cardiovascular health.

2. Methods
Our research strategy consisted of both published and unpublished studies from an initial

search from PubMed (NIH) in order to identify usable material. The reference list of all collected

articles also included Embase (Elsevier) and Scopus (Elsevier). The search base for grey

literature included Google Scholar, ClinicalTrials.gov, and Cochrane Central Register of

Controlled Trials (Wiley). No time, language, or geographical limits were applied to the

15 Spear and Selvin, “OSHA’s Permissible Exposure Limits.”



retrievals. We refined searches that linked PM2.5 exposure in an occupational setting to

cardiovascular health effects. The papers were collected using the keywords and index terms

“cardiovascular”, “fine particulate matter”, “environmental exposure”, “occupational”, “heart

rate variability”, “heart disease”, “hypertension”, “ and “systemic review” in order to specifically

concentrate on world studies pertaining to exposure concentrations below current EPA standards.

Additional focus was applied to studies that measured cardiovascular endpoints from PM2.5 for

analysis. Cardiovascular endpoints included mortality and morbidity associated with any cardiac

events including hypertension, myocardial infarction, heart rate variability, atherosclerosis, and

other ischemic heart disease. All studies including PM2.5 concentrations below EPA standards

with associations to human cardiovascular health endpoints were used, including all

observational studies but excluding editorials, working papers, conference proceedings, reviews,

and books. Papers were restricted to occupational experiments, excluding all indoor and ambient

air exposures. Additional exclusion criteria included papers using any PM other than PM2.5 (i.e.

PM10) and any papers measuring PM2.5 with lacking total average concentrations. Data extraction

included the author, title of work, location and date of experimentation, number of participants,

average age, sex, any preexisting conditions of participants, exclusions from testing, monitor

placement for measurement, sampling periods, any specific sources of PM2.5, other pollutants

measured, method of measurement, statistical methods and adjustments, any interventions used,

average PM2.5 concentration (ug/m3), health associations and results, and conclusions. Extraction

of said data allowed for efficient and definitive results to be categorized and associations to be

further analyzed.



3.0 Results

After completing the search process, 64 articles were reviewed (out of 1,349 articles that

were found). After all papers were analyzed, 31 articles fit the inclusion criteria and were

included in the study. Each article was then grouped based on the occupation that it pertained to,

with number of studies: Construction/Maintenance Workers (n=4), Boiler Workers (n=10),

Mail/Truck/Taxi Drivers (n=5), Commuters (n=5), or Other (n=7). The remaining 33 articles

were excluded due to either a lack of necessary information pertaining to PM2.5 data, or for

various other reasons. Regarding PM2.5 data extraction, the article needed to have a total average

PM2.5 concentration, although two papers were included that had interquartile ranges with an

additional total range of collection. Other exclusion reasons included papers that lacked any

mention of PM2.5, papers that failed to experiment within an occupational setting, papers that had

no health associations or results pertaining to PM2.5 that was measured, or papers that were

literature reviews themselves (Figure 1). It should be noted that 4 papers were excluded from

analysis due to limitations on accessibility, and therefore were no longer eligible for review.



Figure 1: Systematic Review of total collection, inclusion, and exclusion criteria tree.

3.1 Occupational PM2.5 Associations in Construction/Maintenance Workers

Table 1 displays the articles that tested PM2.5 exposure and cardiovascular health

associations on workers at construction sites and highway maintenance roads. The locations of

these studies were all inside of the United States, either in Boston, Baltimore, or on an

unidentified highway. The number of participants for each was between 18 and 57, with one

study (Eninger, R. M. et. al.) having only 5 closely examined participants. All 4 studies had

participants that averaged around 40 years old, and all subjects were male. Two studies excluded

any cardiovascular disease or devices such as pacemakers and stunts, and two studies (Magari,



et. al.) included all participants assuming they had a calculable average PM2.5 concentration. Two

studies (Magari, et. al; Eninger. R. M. et al.) identified participants with existing smoking

statuses or cardiovascular conditions including hypertension, bronchitis, and heart disease. Three

studies used a personal monitor to record PM2.5 concentration, and one study used monitors that

were instead placed on the toolboxes of the workers. (Eninger. R. M. et. al.). Sampling periods

ranged from 4-24hr monitoring, taking either total averages or at specific intervals. For the study

in Boston (Magari et. al.), 4hr and 9hr PM2.5 average concentrations were 69.7 (93.5) ug/m3 and

15.9 (24.1) ug/m3, respectively. The study associated PM2.5 exposure with decreased respiratory

rate (RR), observed decreases were 2.66% for every 1000 ug/ mg3 increase in PM2.5 over the

duration of the study. A slowed RR can result in low blood oxygen, increased levels of acidity in

the blood, or even complete respiratory failure, making it a likely potential precursor to further

impacting cardiovascular disease (CVD).16 In another study (Megari et. al.), construction workers

were exposed to average PM2.5 concentrations of 116.0 ug/m3. The study collected specific metals

such as vanadium and lead, found significant associations between exposure to airborne metals

and alterations in cardiac autonomic function, a regulator of blood pressure and heart rate (HR)17.

In this study, HR instead increased in the standard deviation from the normal number (SDNN) of

11.30ms and 3.98ms for every 1ug/m3 increase of exposure. In the study by Meier, R. et. al.,

PM2.5 was collected during work and after work for maintenance workers, with average

concentrations of 65.7 (69.9) ug/m3 and 22.9 (19.5) ug/m3, respectively. The study associated

increased heart rate variability (HRV) with increased PM2.5 levels, including additional variability

due to work noise as well. HRV occurs when the time between heart beats is inconsistent, and

17 (Hägglund et al. 2012)

16 (“Bradypnea: Causes, Symptoms, and Treatment” 2017)



has been previously associated with higher risk of future cardiovascular and mental issues.18 In

the last study, 5 participants were monitored six times to find their total average PM2.5

concentrations of 64.6 (48.3) ug/m3. Of the five participants,  four had insignificant associations.

One of the subjects, age 63, showed a significant positive association between PM2.5 exposure

and RR after each 4hr exposure assessment. Opposed to decreased HR, increased rates

(tachycardia) can result in chest pain, shortness of breath (SOB), fainting, or more serious

illnesses such as heart failure or strokes.19 Overall, there were four studies, three of which showed

associations between increased PM2.5 levels and increased HR, and one which showed a decrease

in respiratory rate.

19 (“Tachycardia - Symptoms and Causes” n.d.)
18 (“Heart Rate Variability (HRV): What It Is and How You Can Track It” n.d.)



Table 1: Construction/Maintenance Workers and PM2.5 Exposure

Study Design Participants Sampling
Period

Monitor
Placement

Avg. PM2.5

Conc.

ug/m3 ± (sd)

Results and
Cardiovascular
Associations

Reference

Location Time Number Mean Age/
Gender

Exclusions Existing

Conditions

Boston, US DNS 57

(33 4hr avg.)
(24 9hr avg.)

38.2, Male Those working
without a
calculable
average.

Not

Specified

4hr or 9hr
moving
average over
24hr.

Personal 4hr- 69.7

(93.5)

9hr- 15.9

(24.1)

2.66% decrease (95% CI,

−3.75% to −1.58%) in the
5-minute SD of normal RR
intervals (SDNN) for every
1 mg/m3 increase

(Magari

et al.

2001)

Construction
sites in US

DNS 39 38.3, Male None Hypertension
(n=7)

Chronic
bronchitis
(n=8)

smokers

24hr personal
collection

Personal 116.0 (161) Statistically significant
mean increases in the
SDNN index of 11.30 msec
and 3.98 msec for every
µg/m3 increase in the lead
and vanadium
concentrations. Suggests
an association between
exposure to airborne
metals and significant
alterations in cardiac
autonomic function.

(Magari
et al.
2002b)

Highway

Maintenance

Roads in US

Days
between
May

2010-

Feb

2012

18 46.0, Male
Hypertension,
Cardiopulmonary
health problems,
acute allergies,
diabetes, obesity.

Had
hypertension
(were treated).

From

work till
morning
after (>15
hours)

Personal During

Work-

65.7 (69.9)

After Work-

22.9 (19.5)

PM2.5 and work noise were
associated with markers of
increased heart rate
variability, and with
increased high-frequency
and low-frequency power.

(Meier et

al.

2014)

Baltimore,
Maryland in
maintenance
facilities

Dec.
2001
March
2002

5 36, 38,

63, 28, 45

(Not

Means),

Male

Pacemaker
Usage,
beta/calcium
blocker usage,
other night
employment.

Smokers,

Heart

Disease,
Hypertension

8hrs a day (3
workers)

4 hrs a day (2
workers)

On top of
the
participant’s
toolbox

64.7 (48.3) Subject 3 showed
significant positive
association with PM2.5

4-hour exposure for SDNN
(regression coefficient =
2.55, p = 0.013) and TP
(regression coefficient =
967.4, p = 0.012)

(Eninger

and

Rosenthal

2004)

Terms:
DNS- Did Not Specify;   CI- Confidence Interval;   SD- Standard Deviation;   RR- Respiratory Rate; SDNN- Standard Deviation of Number of N (N being any beat); “Personal”- attached to the
participant or moving within 1 meter of breathing area;   TP- Total Pollution



3.2 Occupational PM2.5 Associations in Boiler Workers

Table 2 is an outlook of the collection of studies conducted on boiler workers and their

cardiovascular associations. Analyzing 10 articles all between the years of 1996 and 2012, most

noted locations were in the United States in Massachusetts. Although a number of articles did not

identify the location of the study (n=5), it is likely that many were also in Massachusetts due to

multiple studies having been conducted by the same research team. Each study ranged from 2072

participants, all of which were male save for one article (Fan, T. et. al.). The studies excluded

factors such as diabetes, irregular heartbeat patterns, CVD, hypertension, and any who took

medications. One study by Cavallari, et. al. and one by Fang. S. C. et. al. had no stated

exclusions from participation, and one study excluded those who were nonsmokers living among

smokers (Magari, S. R. et al.). Similarly to the previous studies, all but two articles measured

PM2.5 using personal monitors that were attached to the person or somewhere within 1m of the

participants breathing zone. The other two studies collected pollutants by placing a stationary

monitor at the work site (Byun, H. M. et al. and Fan, T. et. al.).

Five conducted studies had associations between PM2.5 exposure and HRV. In a study by

Byun, H. M. et. al., boiler workers were sampled either on welding or non-welding days for five

hours, collecting average PM2.5 concentrations of 38.0 ug/m3 and 15.0 ug/m3, respectively (no

standard deviations were given). The study concluded that mitochondrial DNA (mtDNA)

methylation, a process that occurs with factors such as aging and smoking, showed a negative

association with PM2.5 levels, further suggesting that higher blood mtDNA allowed for higher

susceptibility of risk of decreased HRV. In another study, workers were monitored for around

five hours during a working day, averaging 43 (34.0) ug/m3 in PM2.5 concentrations (Fan, T., et.



al.). Results showed an acute decline of HRV when exposure to metal-rich PM2.5 increased. In

one study by Cavallari, et. al., workers were monitored for 24 hours over a span of seven years,

collecting mean PM2.5 concentrations of 73.0 (50.0) ug/m3 and also observing an inverse

relationship between HRV and increased PM2.5 exposure. Another study by Cavallari and his

team monitored a number of participants during varying amounts of time while working,

averaging 5.33 hours. The results suggested a decline in HRV for 14 hours following PM

exposure, although 12 participants were smokers and another 6 hypertensive. Additionally, the

study suggested cardiovascular autonomic responses and delayed responses as PM2.5 exposure

increased. The last study associated with HRV collected mean PM2.5 concentrations every four

hours for 24 hours, averaging 1.92 (1.22) ug/m3. From the data, they concluded that PM2.5 may

affect HRV and HR measures based on an individual's CAD profile, or likelihood of becoming ill

with coronary artery disease. It should be noted that an unspecified number of participants were

smokers or had a recent history of smoking.

The other five studies conducted all had CV associations with PM2.5 exposure, but either

focused on general cardiovascular (CV) health, heart rate, broader arrhythmogenic effects, or

heartbeat electrical output. For CV health, one study (Cavallari, et. al.) measured participants for

over 31 periods of one working and one non working day, collecting a median PM2.5

concentration of  650 ug/m3. The results of this study supported cardiotoxicity of PM2.5 metal

exposure and impact on cardiovascular health. Two other studies focused on the relationship

between HR itself and PM2.5 exposure. One study (Magari, S. R. et al.) monitored smokers and

nonsmokers for one 24 hour period, collecting mean PM2.5 concentrations of 96 (158) ug/m3. For

nonsmokers, they found a 1.9% increase in HR after the period. Another study (Fang, S. C. et al.)

split monitoring sessions into welding and non welding shifts, gathering mean PM2.5



concentrations of 88.7 (54.2) and 20.2 (37.9) ug/m3, respectively. Although four workers had

hypertension, the results showed an inverse relationship between PM2.5 and SDNN of HR,

suggesting that HR was lowered instead of being raised. Regarding arrhythmogenic associations,

one study monitored participants for anywhere from 5-90 hours during work days and non-work

days throughout one of four years from 1999, 2003, 2004, and 2006 (Cavallari, et. al.). After

collecting an average of 274 (754) ug/m3 over the entire year, the data suggested that individuals

who lack underlying CVD are susceptible to arrhythmogenic effects of particle exposures.

Arrhythmogenic effects can be any of the conditions that are associated with heart beat patterns,

being either increased heart rate, decreased heart rate, or heart rate variability, and can cause

fatigue, light-headedness, sweating, fainting, and anxiety20. Lastly, another study measured

exposure for 4-6 hours five times over a two year period, collecting mean PM2.5 concentrations of

47.0 (30.0) ug/m3 (Umukoro, P. E. et. al.). The results suggested that metal-rich PM2.5 was

associated with a reduction in cardiac AC and DC, lasting for up to 60 minutes after exposure

was depleted. AC and DC currents control when the heart contracts to pump blood out of the

heart and to the rest of the body, and current variability is associated with atrial fibrillation (AF),

a condition closely linked to strokes and heart failure24. In all, 10 studies were analyzed with

associations between increased PM2.5 exposures and decreased HRV (n=3), varied change in HRV

(n=2),  decreased HR (n=1), increased HR (n=1), increased cardiotoxicity (n=1), arrhythmogenic

effects on the heart (n=1), or decreased AC and DC current output (n=1).

20 (“Symptoms, Diagnosis and Monitoring of Arrhythmia | American Heart Association” n.d.)
24 (Rienstra et al. 2012)



Table 2: Boiler Workers and PM2.5 Exposure

Study Design Participants Sampling
Period

Monitor
Placement

Avg. PM2.5

Conc.

ug/m3 ±

(sd)

Results and
Cardiovascular
Associations

Reference

Location Time Number Mean
Age/
Gender

Exclusions Existing

Conditions

Local Boilers in
US

Jan
2007-
June
2012

48 <30 (10) 
 
30-40
(10) 
40-50 (9)
50-60 (11)
>60 (5), 
Male

Cardiovascular
Disease,
alcohol
consumption

None 6 cycles over
period.
Sampled after
no work and
after 5hrs of
work

Background
ambient
environment

38.0 on
welding day
15.0 on
non-welding
day

mtDNA methylation
showed a negative
association with PM2.5

exposure levels. Results
suggest that persons with
higher blood mtDNA
methylation levels were
more susceptible to the
adverse PM effect on
HRV measures.

(Byun et
al. 2016)

Quincy,
Massachusetts
at Boilermaker
Union local 29

Jan
2010-
June
2012

66 NA, Male
and
Female

Cardiovascular
Disease

None During the
work day for
avg. of 5hrs.

Personal and
in
surrounding
work area

43 (34.0) Results show the acute
decline of HRV following
the exposure of
metal-rich welding PM2.5

and support evidence of
a short-term cardiac
response to boiler
exposure. 

(Fan et al.
2014)

Local Boiler
Site, US

1996-20
06

36 41.0,
Male

Cardiovascular
Disease,
Hypertension

Hypertension
and CV
disease
(participation
was
removed)

24hr non
working
monitor            
8-hr
time-weighted
averages
calculated over
7 years.

Personal 73.0 (50.0)
mean with a
range of
4.0-270

Observed a consistent
inverse exposure-
response relationship,
with a decrease in all
HRV measures with
increased PM2.5 exposure

(Cavallari
et al.
2007)

Massachusetts
Boiler Sites

Jan. 25-
Feb 8,
2003

26 34, Male Diabetes Some
Smokers

24 hrs
monitoring.

 4hr real-time
avgs. 

Personal 1.92 (1.22) PM2.5 may affect HRV and
HR measures based on an
individual’s CAD profile.

(Chen et
al. 2006)

Unspecified
Local Welding
School

1999-20
06

26 43, Male Medications Potential
Diabetes

31 Periods of 1
working and 1
non-working
day.

Personal 650 (median
only)

Results support the
cardiotoxicity of PM2.5

metal exposures,
specifically manganese,
on cardiovascular health

(Cavallari,
Eisen, et
al. 2008)



Study Design Participants Sampling
Period

Monitor
Placement

Avg. PM2.5

Conc.

ug/m3 ± (sd)

Results and Cardiovascular
Associations

Reference

Location Time Number Mean
Age/
Gender

Exclusions Existing

Conditions

Unspecified
Local Welding
School

1999-2
006

36 40, Male None 12 Smokers    
6 Hypertensive

Over a work
shift of mean
length 5.33 hr

Personal 112 (76) Suggests declines in HRV for
up to 14 hours following PM
exposure and a multiphase
cardiovascular autonomic
response with immediate (2
hrs) and delayed (9-13 hrs)
responses.

(Cavallari,
Fang, et
al. 2008)

Local
Unspecified
Boiler Site

2006 23 40.0, Male None 4 Hypertensive 36-day
collection of
both wielding
and
non-wielding
days.

Personal Wielding
Shift - 88.7
(54.2)
Non-wieldin
g- 20.2
(37.9)

Observed an inverse
association between the
1-hour PM2.5 and 5-minute
SDNN

(Fang et
al. 2009)

Local Boiler
Site, US

1996-2
006

36 41.0, Male Cardiovascular
Disease,
Hypertension

Hypertension
and CV disease
(participation
was removed)

24hr non
working
monitor            
8-hr
time-weighted
averages over
7 years.

Personal 73.0 (50.0)
mean with a
range of
4.0-270
ug/m3 

Observed a consistent
inverse exposure- response
relationship, with a
decrease in all HRV
measures with increased
PM2.5 exposure

(Cavallari
et al.
2007)

Not Specified June to
August
1999

20 42, Male Nonsmokers
living with
smokers

9 Smokers One 24 hr
period.

Personal 96 (158) No mean increase in HR
associated with an increase
in 100 ug/m3 in the 3hr
moving avg. PM2.5 for
smokers. For nonsmokers, a
1.9% increase in HR was
observed

(Magari et
al. 2002a)

Local Boiler
Union, US

1999,
2003,
2004,
2006

72 38, Male High Ectopic
Beat Averages,
Cardiovascular
Disease

Not Specified 5-90 hrs during
work days and
non-work days
throughout
the year.

Personal 274 (754)
over the
entire
period.

Suggests that individuals
with no known underlying
cardiovascular disease are
susceptible to the
arrhythmogenic effects of
particle exposures

(Cavallari
et al.
2016)

Quincy,
Massachusetts
Boiler Union

Jan.
2010-
June
2012

48 40, Male Prior Heart
Problems and
Any Welding 2
weeks Prior to
Testing

5 participants
had Heart
Problems (were
excluded)

4-6hrs data
repeated five
times over the
sampling
period

Personal 7.0 (30) Metal-rich occupational
PM2.5 exposure is
associated with a reduction
in cardiac AC and DC lasting
up to 1 h after exposure has
ceased

(Umukoro
et al.
2016)

Terms:
mtDNA- Mitochondrial DNA; HRV- Heart Rate Variability; CAD- Coronary Artery Disease; HR- Heart Rate; PM- Particulate Matter; CV- Cardiovascular; AC- Alternating Current; DC-
Direct Current



3.3 Occupational PM2.5 Associations in Mail, Truck, and Taxi Drivers

Table 3 presents the studies that pertained to mail, taxi, and truck drivers and their

cardiovascular associations with PM2.5 exposure. The mail delivery studies (n=2) took place in

Taiwan, the taxi driver studies (n=2) were conducted in Beijing, and the singular truck driver

study took place across the entirety of the United States. Each study had between 11 and 17

participants, save for one article that analyzed 54,319 drivers (Hart, J. et. al.). The average age of

each study stood at 36 years old, all testing on males except for two studies (Wu. S, et. al; Deng,

F. et. al.) that tested men and women. Common exclusion criteria were cardiovascular disease,

smokers, alcoholics, those taking medication, and obesity. One study (Deng, F. et. al) excluded

all data collected while the participant was outside of the taxi, and one study (Hart, J. E. et. al.)

excluded long-haul drivers who carried loads for two or more days. One study (Wu, C. F. et. al.)

had five participants with a history of smoking, while the other four noted no preexisting

conditions. Sampling periods ranged from 5-12 hr periods, with one study measuring annual

average exposure to PM2.5 (Hart. J. E. et. al.)

3.3a Mail Delivery Endpoints and Associations

Both mail delivery studies were conducted from February to March of 2007. In one

article by Wu, C. F. et. al., participants wore personal monitors for 5-6 consecutive working day

hours, collecting average PM2.5 levels of 68.2 ug/m3. The study found that an increase in personal

exposure to ozone with particulate matter of diameter between 1.0 and 2.5ug was associated with

a 4.8% and 2.5% increase in cardio-ankle vascular index (CAVI), respectively. CAVI is an index

that is used to determine the overall stiffness of the arteries in the body, and has been linked to



arteriosclerosis and other diseases that can lead the heart to pump blood less efficiently21. The

other study by Wu, C. F. et. al. used the same sampling method and period as before, collecting

an average PM2.5 concentration of 12.7 (6.2) ug/m3. Participants in both studies were monitored

for PM2.5 using a personal cascade impactor sampler (PCIS) and for CAVI using a transportable

monitoring machine (Vasera VS-1000). The results of the study suggested that an increase in

personal exposure to PM2.5 was associated with a 3.28% increase in CAVI.

3.3b Taxi Driver Endpoints and Associations

Both studies were conducted during the Beijing 2008 olympics. In one study (Wu, S. et.

al.), participants were measured for PM2.5 inside their car before, during, and after a 12 hour

workshift, collecting average concentrations of 93.0 (44.1), 45.5 (26.7), and 77.3 (73.3) ug/m3,

respectively. The results supported that metallic PM2.5 affects HRV in young and healthy

individuals. In the other study (Deng, F. et. al.), participants also were monitored before, during,

and after a 12 hour shift, collecting average PM2.5 concentrations of 95.4 (58.6), 39.5 (25.2), and

64.0 (80.0) ug/m3, respectively. This study found that traffic-related PM2.5 exposure was

associated with a change in cardiac autonomic function in young and healthy adults.

21 (Shirai et al. 2011)



3.3c Truck Driver Endpoints and Associations

In the study conducted on truck drivers in the US (Hart, J. E. et. al.), drivers were

monitored over the course of the year while working using a nearby ambient monitor and  a

mixed model that calculated average basal PM2.5 levels based on location. After compiling all

working years by participants, the average annual exposure to PM2.5 was 4000ug/m3. The results

suggested an association between intake of PM2.5 and cause-specific mortality due to either lung

cancer, cardiovascular disease, or respiratory disease, suggesting that the cardiovascular system

is altered and likely harmed by PM2.5.



Table 3: Mail/Truck/Taxi Drivers and PM2.5 Exposure

Study Design Participants Sampling
Period

Monitor
Placement

Avg. PM2.5

Conc.

ug/m3 ± (sd)

Results and
Cardiovascular
Associations

Reference

Location Time Number Mean Age/
Gender

Exclusions Existing

Conditions

Mail Delivery

Taipei, Taiwan Feb.-Mar
c h 2007

17 36.5, Male Smokers,

Alcohol,

Cardiovascular

Disease,

Medications

None 5-6
consecutive
working day
hours

Personal 68.2 Found that an interquartile
range increase in personal
exposure to ozone and
particulate matter of
between 1.0 and 2.5 lm
was associated with a 4.8%
and 2.5% increase in CAVI,
respectively.

(C. Wu et
al. 2010)

Taipei, Taiwan Feb-Mar
c h 2007

17 32.4, Male Cardiovascular
Disease

Had asmoking
history

5-6 days while
delivering mail

CAVI- Quiet
Room in
office

12.7 (6.2) Increase in exposure to PM
from regional sources was
significantly associated
with a 3.28% increase in
CAVI

(C. Wu et
al. 2012)

Taxis

Beijing, China 2008

Olympics

14 35.6 , Male
and Female

Cardiac Risk
Factors, smokers,
obesity

None Before 9am,

9am-9pm,

and after

9pm

Monitor in
Car

Before-

93.0 (44.1)

During-

45.5 (26.7)

After77.3
(73.3)

Supports the associations
of several PM2.5 metallic
components with HRV in
younger healthy
individuals

(S. Wu et
al. 2011)

Beijing, China 2008

Olympics

11 35.5 (Male
and Female)

Data While

Not Inside

Taxi

None Before,
during, and
after 12 hr
work shift

Personal Before-

95.4 (58.6)

During-

39.5 (25.2)

After-  64.0

(80.0)

Marked changes in

traffic-related PM2.5

exposure were associated
with altered cardiac
autonomic function in
young, healthy adults

(S. Wu et
al. 2010)

Trucks

Continental

US

Jan-Dec
1985

54,319 42.1, Male Long-Haul
Drivers

None Annual Avg.
Exposures
were taken

Nearby

Ambient

Monitor

4000 ug/m3

annually
Elevated associations with
cause-specific mortality
were observed for PM2.5

(Hart et

al.

2011)

Terms: CAVI- Cardio-Ankle Vascular Index;   ECG- Electrocardiogram



3.4 Occupational PM2.5 Associations in Commuters

Table 4 shows the data collected from commuters and the associations between PM2.5

exposure and potential cardiovascular effects. The locations of the studies took place in China,

Canada, Taiwan, and Georgia, US. Participants averaged 40 in number of both males and

females, and the ages ranged from 18-50 years. Common exclusion criteria included diabetes,

cardiovascular diseases, pregnancy, smokers, medications, hypertension, and systemic illnesses.

In one study (Sarnat. J. A. et. al.) of residents in Atlanta, GA, 50% of participants had

asthma and were compared to those without asthma. Monitored for two periods of 2 hours during

commutes and for three hours after the commutes, average concentrations of PM2.5 were found to

be 19.2 (13.6) ug/m3. Results showed that elevated levels of nitric oxide exhalation (eNO) were

associated with systemic inflammation, decreasing HRV indices and indicating cardiac

dysfunction in both asthma and non-asthma groups. In another study by Jia, X, et. al, Beijing

commuters were monitored from 9:00am to 1:00pm on weekends, collecting median and range

PM2.5 concentrations of 64.1 ug/m3 and 6-325.1 ug/m3, respectively. This study suggested that for

all averages taken at 5 minutes, 1 hour, and 2 hours, increased PM2.5 levels were associated with

decreases in HRV. For another study conducted in Beijing (Yannan, Z. et. al.), participants were

monitored for 4 hours during travel with or without a respirator, finding average PM2.5

concentrations of 86.77 ug/m3. The results indicated that short-term exposure to PM2.5 increased

the likelihood of cardiovascular disease, but also suggested that a respirator could effectively

reduce these effects. Another study (Dales, R. et. al.) monitored Canadians in Ottawa, collecting

average PM2.5 concentrations of 40 (20) ug/m3 after 2 hour periods at bus stops in the downtown

area. Researchers found that a 30 ug/m3 increase of PM2.5 was associated with a 5% decrease in



the elasticity of arteries, indicating a weakened ability to vasodilate. The last study (Liu, W. et.

al.) monitored commuters in Taipei, Taiwan in four different travel modes. Participants were

monitored for 1 hour in each mode, collecting average PM2.5 concentrations of  29.2 (11.3), 22.3

(6.9), 42.1 (18.2), and 32.2 (12.4) ug/m3 for car, subway, walk, and bus modes, respectively. The

results indicated an inverse relationship between PM2.5 exposure and HRV indices. In all, 5

studies were conducted on commuters, associating PM2.5 exposure with decreased HRV (n=3),

increased risk of CVD (n=1), and decreased ability to dilate arteries (n=1



Table 4: Commuters and PM2.5 Exposure

Study Design Participants Sampling
Period

Monitor
Placement

Avg. PM2.5

Conc.

ug/m3 ±

(sd)

Results and
Cardiovascular
Associations

Reference

Location Time Number Mean
Age/
Gender

Exclusions Existing

Conditions

Metro in
Atlanta, GA

Dec. 2009-
April 2011

42 32.4,
Male and
Female

Pregnancy,
Diabetes,
CVD/CPD

50% (21) had
asthma

2 periods of
7am-9am with
posttests 
every hour
until 3 hours
after

Personal (in
car <1m
from
breathing
zone)

19.2 (13.6) An elevated eNO
response was indicative
of pulmonary and
systemic inflammation,
decreased HRV, and
indicative of autonomic
dysfunction.

(Sarnat et
al. 2014)

Beijing, China March and
May, 2007

39 21.2,
Male and
Female

Smokers, any
history of
cardiovascular,
pulmonary,
neuronal, or
endocrine
disease

None 9:00am to
1:00pm on
weekends

Personal Median
64.1 

Range
6–325.1

For 5-min, 1-h, and 2-h
moving averages, study
showed decreases in HRV
indices in all three
variables.

(Jia et al.
2018)

Beijing, China March-May
2017

39 21.4,
Male and
Female

Smokers,
medications,
cardiovascular
disease

None 4 hours during
travel, once
with a
respirator and
once without

Personal 86.77 Results Indicated that
short-term exposure to
PM in a subway
environment may
increase the risk of
cardiovascular disease.
Wearing a facemask
could reduce adverse
effects.

(Zhang et
al. 2019)

Ottawa,
Canada

Unspecified 39 Male and
Female

Range:
18-50

Artery diseases,
hypertension,
diabetes,
smokers,
medications,
respiratory
illnesses

None 2 hr monitor
periods at bus
stops in a
downtown
setting

Personal 40 (20) A 30ug/m3 increase in
PM2.5 was associated with
an equivalent of 5%
relative change in
maximum ability to
vasodilate.

(Dales et
al. 2007)

Taipei, Taiwan Jan-March
2012-2014

120 21.3,
Male and
female

Smokers,
cardiovascular
disease,
hypertension,
diabetes,
artery disease

None 1 hr
monitoring on
4 different
commutes

Personal Car: 29.2
(11.3)
Subway:
22.3 (6.9)
Walk: 42.1
(18.2)
Bus: 32.2
(12.4)

The results showed an
inverse relationship
between PM2.5 exposure
and HRV indices

(Liu et al.
2015)

Terms:
eNO- exhaled Nitric Oxide



3.5 Occupational PM2.5 Associations in Other Occupations

Table 5 displays the association between cardiovascular effects and PM2.5 exposure from

studies that were from other occupational groups. These consisted of a study each from car-patrol

officers, sugar and ethanol mill workers, highway patrol cars, aluminum industry workers,

hairdresser assistants, traffic police men, and convenience store workers. The average age of

participants was 26, with one study (Neophytou, A. M. et. al.) having an average of 44.3 years of

age and one study (Zhao, J. et. al.) having a range of 25-55 years in place of an average. All but

two studies (Ma, C. M. et. al; Chuang, K. J. et. al.) consisted of male-only participants. Common

exclusion criteria included smokers, CVD, hypertension, medications, and caffeine usage. Only

one study contained preexisting conditions (Neophytou, A. M. et. al.), where some participants

were either current (<29.7%) or former (<34.1%) smokers.

In the study conducted on car-patrol officers (Riediker, M. et. al.), a pair of troopers in

North Carolina were monitored each day in their car for four 9-hour workdays, collecting

average PM2.5 concentrations of 23.0 (10.8) ug/m3. The results suggested that emissions from

other vehicles are important sources of PM2.5 that require further investigation for its impact on

cardiovascular health in urban centers. In the study on sugar and ethanol mill workers (Barbosa,

C. M. et. al.), participants in the Brazilian countryside were monitored for a complete 24 hours,

collecting a median PM2.5 concentration of 87.0 ug/m3 with a range of 70-100 ug/m3. These

results displayed an increase in diastolic blood pressure by 11.12 mmHg and 5.13 mmHg during

harvest and non-harvest periods, respectively. A healthy diastolic blood pressure is present at



values less than 80 mmHg, with hypertension being diagnosed when it reaches above 90 mmHg,

resulting in an increased risk of stroke and heart disease22. In a study conducted in Wake County,

NC (Riediker, M.), highway patrol officers were monitored from Monday-Thursday from

3pm-12am, collecting average PM2.5 concentrations of 24.1 (13.5) ug/m3. Research suggested that

pollutant particles such as copper, sulfur, and calcium may be directly associated with the

development of inflammation, coagulation, and other cardiac problems in healthy young men.

For the study of aluminum workers (Neophytou, A. M. et. al.), 6058 smelters and 5623

fabricators across 11 US locations were monitored for various lengths of time during a workday.

After PM2.5 collection, smelters averaged 198 (162) ug/m3 annually and fabricators 34 (5.0) ug/m3

annually. The results suggested an observed association between risk of Ischemic Heart Disease

(IHD) and increased PM2.5 exposure. In the study on hairdresser assistants in Taiwan (Ma. C. M.

et. al.),  workers were monitored for 12 hours from 9am-9pm during work shifts, collecting

average PM2.5 concentrations of 31.7 (10.4) ug/m3. The results showed associations between

volatile organic compounds (VOCs) and increases in C-reactive protein levels (CRP). VOCs are

gaseous byproducts such as ethylene-glycol and formaldehyde that are dangerous and have been

linked to diseases like cardiovascular cancers23. CRP is a biological marker of inflammation due

to its release when arteries and tissues become inflamed, serving as an efficient indicator of

potential heart and arterial diseases28. For the article studying traffic policemen in Shanghai

(Zhao, J. et. al.), workers were monitored for a 24hr cycle from 8am-8pm, collecting mean

concentrations of 101.7 (46.8) ug/m3. After analysis, PM2.5 exposure was associated with an

increase in CRP of 1.1%. Lastly, in a study on convenience workers in Taipei, Taiwan (Chuang,

23 (“Volatile Organic Compounds (VOCs) in Your Home - EH: Minnesota Department of Health” n.d.)
28 (“C-Reactive Protein (CRP) Testing for Heart Disease” n.d.)

22 (CDC 2021)



K. J. et. al.), participants were monitored for 8 hours in either a daytime or nighttime workshift,

collecting average PM2.5 concentrations of 26.5 (9.5) ug/m3 and 22.1 (4.3) ug/m3, respectively.

Researchers observed an inverse relationship between PM2.5 exposure and HRV with decreasing

HRV indices as exposure increased. In all, 7 studies were conducted that suggested PM2.5 was

associated with increased diastolic blood pressure (n=1), increased risk of IHD (n=1) , increased

CRP levels (n=2), decreased HRV indices (n=1), and potential cardiovascular risks to individuals

in areas of high-density traffic (n=2).



Table 5: Other Occupations and PM2.5 Exposure

Study Design Participants Sampling
Period

Monitor
Placement

Avg. PM2.5

Conc.

ug/m3 ±

(sd)

Results and Cardiovascular
Associations

Reference

Location Time Occupation Number
Mean Age/
Gender

Exclusions Existing

Conditions

North

Carolina

Highways,

US

Sep.-Oct.
, 2001

Car-patrol
officers

10 NS None NS 2

troopers
monitored
each day for
four
workdays
(3pm-11:

pm)

Personal (in
patrol car)

23.0 (10.8) The positive association with
traffic volume around this
relatively small urban center
raises many questions about
the future health effects
from carbon fuel-burning
vehicles for the people living
near centers that grow in
population and traffic
density.

(Riediker et
al. 2003)

Brazil

Countryside

Oct.-Nov
. 2007
and
March-
April

2008

Sugar and
ethanol mill
workers

28 31, Male Clinical history
or use of
medication for
CPD.

None 24hr
continuous
data
collection

Personal No mean
given

87.0

(Median*)

70-100
(Range)

Results showed rest-to-peak
diastolic blood pressure
increased by 11.12 mmHg
and 5.13 mmHg in the
harvest and non-harvest
period, respectively.

(Barbosa et
al. 2012)

Wake

County, NC

Fall,

2001

Highway

patrol

9 27.3, Male Smokers, Those
who had taken
alcohol,
caffeine, or
medication
within 24hr of
testing.

None Monday
Thursday
3pm-12am

Personal (in
patrol car)

24.1 (13.5) Copper, sulfur, aldehydes,
calcium, and chromium or
compounds containing these
elements seem to be directly
involved in the development
of the inflammatory,
coagulatory, and cardiac
response to traffic particles
in healthy young men

(Riediker
2007)

Locations in
the US

Jan.

1996-20

12

Aluminum

industry
workers

6058

Smelters

5623

Fabricators

44.3, Male None Current
(<29.7%) or
past
(<34.1%)
smokers

During

Workday

Personal Smelters:
198 (162)
annually

Fabricators:

34 (5.0)

annually

There was an observed
increased risk of incident IHD
in relation to occupational
exposure to PM in a
prospective cohort study in
the aluminum industry.

(Neophytou

et al.

2016)

Hair Salons in
Taipei,
Taiwan

August-

June

2009

Hairdresser
assistants

62 25.3,

Male and

Female

Medication that

affected cardiac

rhythm, CVD or

history of

CVD.

None 12hr
continuous
monitoring
from
9am-9pm

Personal 31.7 (10.4) Occupational exposure to
VOCs in hair salons can lead
to increases in serum CRP
levels and decreases in HRV
indices.

(Ma et al.
2010)



Study Design Participants Sampling
Period

Monitor
Placement

Avg. PM2.5

Conc.

ug/m3 ±

(sd)

Results and Cardiovascular
Associations

Reference

Location Time Occupation Number
Mean Age/
Gender

Exclusions Existing

Conditions

Shanghai,
China

2009-20

10

Traffic

Policemen

110 (68
control)

Male

25-55

(range)

CPD,

smokers,
medications

None 24hr cycle
from
8am-8am

Personal (or
in car)

101.7

(46.8)

PM2.5 exposure is associated
with the increases in hs-CRP
of 1.1%,

(Zhao et al.
2013)

Taipei
Metropolitan
Areas

2009-20

12

Convenience
Store
Workers

60 (30 day
shift and
30 night
shift)

22.1,

Male and

Female

Smokers,

CVD,

Hypertension,
any age above
30 or below 18.

None 8hrs during
daytime or
8hrs during
nighttime for
1-week

intervals

Personal Daytime:
26.5 (9.5)

Night Time:
22.1 (4.3)

Observed the inverse
association between indoor
PM2.5 exposures and HRV
indices, with a decrease in
all HRV indices with
increased indoor PM2.5

exposure

(Chuang,

Chuang,

and

Lin 2013)

Terms: CPD- Cardiopulmonary Disease;  CVD- Cardiovascular Disease;  VOCs- Volatile Organic Compounds;   CRP- C-Reactive Protein;   IHD- Ischemic Heart Disease



4.0 Discussion

We reviewed articles that studied the association between occupational PM2.5 exposure

and their consequential impact on the human cardiovascular system. The goal of this study was

to determine the degree of impact that PM2.5 exposure has on the cardiovascular health of workers

using average and median concentration data from 31 different case studies. Our results suggest

that increasing PM2.5 exposure is directly correlated with increasing risk of cardiovascular

disease. The results also point to various side effects leading to cardiovascular disease including

raised blood pressure, altered heart rate variability, and other autonomic disturbances in the body.

These findings show potential for further research into PM2.5 as a better understanding could help

lower cardiovascular disease for workers.

4.1 Health Associations and Differences Among Studies

I hypothesized that increased occupational exposure to PM2.5 would be positively

correlated with increased risk of cardiovascular disease in workers. After analysis of all articles,

this was found to be true in 93.5% of studies, with the other 6.5%  of articles showing no

correlation. Of the studies showing significant results, 38.0% were associated with decreased

HRV, 17.2% with increased heart rate, 17.2% with increased risk of cardiovascular disease,

13.7% with alternating levels of HRV, 10.3% with increased arterial stiffness, 3.4% with

increased blood pressure, and 3.4% with decreased cardiac output.

The associations between PM2.5 exposure and HRV indices differed between case studies,

making it difficult to make conclusive correlations. Out of all articles that found associations



with PM2.5 and HRV, 73% showed a negative correlation, with 27% finding no definitive increase

or decrease. This is likely due to the multivariable assessment of HRV which analyzes over

seven different aspects of heart function, one of which being heart rate, and then combining all

variables together to calculate an average total increase or decrease in HRV24. With 17.2% of

studies finding increased heart rates in their experiments, it is possible and even likely that an

increase in heart rate overshadowed decreased variables in other tested aspects of HRV,

counterbalancing the total trend and resulting in an HRV that neither increased nor decreased.

Another possible reason for these findings is the lack of total understanding of how HRV works

and why it tends to fluctuate, as it has been shown to do so even under conditions without

exposure to PM2.5. From current research on HRV, the fluctuations are non-linear and seemingly

rise and fall for reasons not yet known to science experts, suggesting that other factors contribute

to the change in HRV and PM2.5 may be another contributor25. Therefore, a greater demand for

research and knowledge regarding the methodology of HRV indices need to be collected in order

to fully understand its mechanisms.

A number of studies contained preexisting conditions (n=10) during the monitoring

period, which could alter the associations and conclusions. 7 studies had participants who either

were current smokers or had a history of smoking, although 1 study (Magari, S. R. et. al)

compared smokers to nonsmokers and found different associations for both groups. 6 studies had

instances of hypertension, with 2 of those studies alleviating the hypertension before monitoring.

3 studies had a history of cardiovascular disease, and 2 studies had respiratory disease or

diabetes. In one study, (Cavallari, et. al.) showed that 33% (n=12) of all participants were

smokers with 17.5% (n=6) having hypertension, potentially accounting for the decrease in HRV

25 (Shaffer and Ginsberg 2017)

24 (Hoyer et al. 2019)



and suggesting data that may be less consistent with other studies that had no preexisting

conditions. Another study (Magari, et. al.) consisted of 51% (n=20) smokers, with another 15

participants having either hypertension or chronic bronchitis. This could potentially account for

the increase in mean SDNN of HRV as the association was found due to increased levels of

vanadium and lead concentrations in the PM2.5 collection, and both metals are a byproduct of

cigarette smoking26. Another study (Neophytou, A. M. et. al.) consisted of <29.7% of participants

as current smokers and <34.1% as former smokers, potentially allowing for the association

between increased PM2.5 exposure and increased risk of IHD. One study (Chen, J. C. et. al.) noted

an unspecified number of smokers, which may have affected the heart rate associations made by

the study. One study (Eninger, R. S. et. al.) listed an unspecified number of participants that may

have had diabetes. Previous research has shown that increased levels of long-term PM2.5 exposure

have been linked to increased risk of type 2 diabetes27, and other research suggests PM2.5

exposure is associated with diabetes due to factors such as increased heart rate and respiratory

illness28, but further research should be conducted to determine if diabetes has an effect on

metallic PM2.5 exposure intake. The remainder of the studies with preexisting conditions either

removed those participants after monitoring (n=3) or were small enough in number to consider

the study still viable (n=2). It should be noted that 4 studies did not specify if any preexisting

conditions were present, and thus could have affected their associations.

28 (Lao et al. 2019)

27 (He et al. 2017)

26 (Bernhard, Rossmann, and Wick 2005)



4.2 Variability in Monitoring Methods

A large majority of the studies reviewed used personal aerosol monitors to collect PM2.5

exposure (n=28). It was considered personal monitoring if the participant’s breathing zone was

within 1 meter (1m) to the monitor at all times, and monitors placed inside vehicles within 1

meter of the driver were considered personal attachments as well. One study (Eninger, R. M. et.

al.) placed a stationary monitor on top of the participants’ toolboxes, allowing for periods that

the worker was not always within 1m of the monitor. This could result in less accurate PM2.5

collection and associated health endpoints due to the possibility of PM2.5 concentration being

lesser or greater at the site of the toolbox than where the worker was situated throughout the

sampling period. Two studies (Byun, H. M. et. al; Hart, J. E. et. al.) placed monitors in a

generalized area of the workspace, and thus the same potential errors as described could have

resulted in altered HRV measures in the study. In order to connect exposure to cardiovascular

impact, most studies used ambulatory electrocardiogram (ECG) monitors to assess heart rate and

heart rate variability throughout the monitoring period. If an ECG was not used, a 5-Lead Holter

monitor was used for precision monitoring of HRV. One study measuring CAVI (Wu, C. F. et.

al.) placed a portable CAVI monitor (Vasera VS-1000) in a quiet room of the participants’ office,

and thus read arterial stiffness at numerous points but was not able to take continual

measurements, or moving averages. Having numerous, continual averages help make sure that

readings are consistent while also showing potential outliers in monitoring that would otherwise

have been missed. With moving averages, this allows any drastic changes in measurement to be

reevaluated to make sure collection is accurate.  Out of all articles reviewed, it should be noted

that only one study (Yannan, Z. et. al.) used a respirator as a potential intervention, and therefore



more research should be conducted before confirming the positive benefits that the study

observed with respirators.

4.3 Limitations of the Study
Although many articles were able to contribute to the study, there were multiple

limitations that made confirmation of our hypothesis challenging. The first limitation was the

total number of available studies to be analyzed. With only 64 articles that dealt with

associations between occupational exposure and cardiovascular effects, this field of study is

more difficult to draw conclusions from. This had even greater limitations due to the fact that

only 31 of the original 64 were viable for our study, as a large portion of the papers reviewed

lacked actual PM2.5 measurements (n=20). From the small pool of available literature, studies

containing pre existing conditions may have skewed general associations, as those who already

show increased risk of cardiovascular disease are often more affected by increased exposures to

PM2.5. Former research has suggested that preexisting conditions such as hypertension, diabetes,

and high cholesterol contribute to higher risk of cardiovascular disease29, a factor also seen in

those with preexisting cardiovascular disease history such as heart failure or coronary artery

disease35.  Nevertheless, additional studies should therefore be conducted in order to determine

the degree to which pre existing conditions affected this review.

Another limitation to the review was the participant number of some papers, as 3 studies

had 10 or less participants being monitored. One study in particular (Eninger, R. M. et. al.)

followed only 5 male workers, and only 1 of those subjects showed significant associations with

29 (“Heart Disease Explained: Signs, Symptoms, and How to Reduce Your Risk” n.d.)
35 (“UtahAir - Particulate Matter” n.d.)



PM2.5 exposure, making it difficult to draw conclusions as a whole from the study. Another study

(Riediker, M. et. al.) followed only 10 patrol car officers, but were each monitored four times

during the study, increasing its verifiability in its associations. This is similar to the study with

only 9 participants (Riediker, M.), as each worker was monitored from Monday-Thursday during

the exposure assessment. In addition to participant number, the total PM2.5 concentrations varied

greatly between the studies. First, not all studies had average concentrations, instead listing a

median and range as measurements (n=3), which limits the viability of those conclusions with

this study. Second, 1 study in particular (Hart, J. E. et. al.) recorded annual average

accumulations of PM2.5 (4000ug/m3) from 54,319 participants, making it difficult to determine the

individual cardiac effects of the exposure assessment. The last limitation to our study is a lack of

generalizability for both genders, as only 32% of studies monitored females (n=10). This leads us

to suggest that any associations and conclusions made in the study should be further researched

in order to assure that women are affected by PM2.5 in the same way as participants are shown in

this review.

The range of average collected PM2.5 concentrations varied greatly over the 31 studies,

from 1.92 (1.22) ug/m3 to 4000 ug/m3. Because many of the studies had PM2.5 levels with large

disparages between one another, it is also difficult to formulate associations and correlations for

particular concentration levels. More research is needed in order to accurately be able to

determine what averages of PM2.5 concentration are most dangerous in the workplace.

Our results suggest that increased occupational exposure of various levels of PM2.5

increases the risk of cardiovascular disease in workers. Having a better understanding of the

effects of PM2.5 can positively impact the safety of workers, especially those consistently



surrounded by smoke and byproducts in fumes, by establishing the potential need for additional

regulations in order to prolong life in the workplace. Although intervention usage was nearly

absent in this review, understanding the cardiovascular effects of PM2.5 is advantageous for those

who wish to incorporate interventions or learn more about its risks. Currently, no established

limit for occupational PM2.5 exposure has been established by the EPA. Thus, additional

continuous and extensive research on the effects of PM2.5 are needed in order to be able to make

safe regulations for workers today.

5. Conclusion

Our study found nearly all reviewed papers to show significant, positive associations

between increased occupational PM2.5 exposure and cardiovascular health effects. This review

highlights the hazardous potential that PM2.5 exposure can have on the circulatory system, as well

as the increased risk of cardiovascular disease in the workplace. Additional research on how

PM2.5 specifically affects factors such as HRV, blood pressure, and arterial disease could provide

beneficial information that helps keep humans safe at work, and could lead to new discoveries in

disease prevention in the near future.



6. Reference List

1. “Workplace Pollution | Environmental Pollution Centers.” Accessed September 6, 2021.

https://www.environmentalpollutioncenters.org/workplace/.

https://doi.org/10.1161/JAHA.116.003218

2. Caltech Science Exchange. “What Causes Smog?” Accessed February 7, 2022.

http://scienceexchange.caltech.edu/topics/sustainability/what-causes-smog.

http://dx.doi.org/10.1007/s00420-007-0199-7

3. Daly, Aaron, and Paolo Zannetti. “An Introduction to Air Pollution – Definitions,

Classifications, and History,” n.d., 14.

4. Dockery, D. W., and C. A. Pope. “Acute Respiratory Effects of Particulate Air Pollution.”

Annual Review of Public Health 15, no. 1 (1994): 107–32.

https://doi.org/10.1146/annurev.pu.15.050194.000543.

https://doi.org/10.3389/fphys.2012.00356

5. Hamanaka, Robert B., and Gökhan M. Mutlu. “Particulate Matter Air Pollution: Effects on the

Cardiovascular System.” Frontiers in Endocrinology 9 (2018): 680.

https://doi.org/10.3389/fendo.2018.00680.

https://doi.org/10.1111/jdi.12631

6. Hayes, Richard B., Chris Lim, Yilong Zhang, Kevin Cromar, Yongzhao Shao, Harmony R.

Reynolds, Debra T. Silverman, et al. “PM2.5 Air Pollution and Cause-Specific

Cardiovascular Disease Mortality.” International Journal of Epidemiology 49, no. 1

(February 1, 2020): 25–35. https://doi.org/10.1093/ije/dyz114.



7. June 22, and 2021 Jillian Mackenzie Jeff Turrentine. “Air Pollution: Everything You Need to

Know.” NRDC. Accessed February 2, 2022.

https://www.nrdc.org/stories/air-pollution-everything-you-need-know.

https://doi.org/10.1289/ehp.1307100

8. Minnesota Pollution Control Agency. “Fine Particle Pollution,” February 19, 2013.

https://www.pca.state.mn.us/air/fine-particle-pollution.

https://doi.org/10.1371/journal.pone.0156613

9. NRDC. “The Particulars of PM 2.5.” Accessed February 8, 2022.

https://www.nrdc.org/onearth/particulars-pm-25.

https://doi.org/10.5551/jat.7716

10. Spear, R. C., and S. Selvin. “OSHA’s Permissible Exposure Limits: Regulatory Compliance

versus Health Risk.” Risk Analysis: An Official Publication of the Society for Risk

Analysis 9, no. 4 (December 1989): 579–86.

https://doi.org/10.1111/j.1539-6924.1989.tb01268.x.

https://www.mayoclinic.org/diseases-conditions/tachycardia/symptoms-causes/syc-20355127

11. Thurston, George D., Kazuhiko Ito, and Ramona Lall. “A Source Apportionment of U.S.

Fine Particulate Matter Air Pollution.” Atmospheric Environment (Oxford, England :

1994) 45, no. 24 (August 2011): 3924–36.

https://doi.org/10.1016/j.atmosenv.2011.04.070.

http://dx.doi.org.umiss.idm.oclc.org/10.1136/oemed-2015-103052

12. US EPA, OAR. “Criteria Air Pollutants.” Other Policies and Guidance, April 9, 2014.



https://www.epa.gov/criteria-air-pollutants.

https://www.health.state.mn.us/communities/environment/air/toxins/voc.htm

13. “Workplace Pollution | Environmental Pollution Centers.” Accessed September 6, 2021.

https://www.environmentalpollutioncenters.org/workplace/.

https://doi.org/10.1016/j.scitotenv.2011.03.034

14. ———. “Health and Environmental Effects of Particulate Matter (PM).” Overviews and

Factsheets, April 26, 2016.

https://www.epa.gov/pm-pollution/health-and-environmental-effects-particulate-matter-p

m.

15. ——. “Particulate Matter (PM) Basics.” Overviews and Factsheets. US EPA, April 19, 2016.

https://www.epa.gov/pm-pollution/particulate-matter-pm-basics.

16. ———. “Particulate Matter (PM) Basics.” Overviews and Factsheets, April 19, 2016.

https://www.epa.gov/pm-pollution/particulate-matter-pm-basics.

17. Barbosa, Cristiane Maria Galvão, Mário Terra-Filho, André Luis Pereira de Albuquerque,

Dante Di Giorgi, Cesar Grupi, Carlos Eduardo Negrão, Maria Urbana Pinto Brandão

Rondon, et al. 2012. “Burnt Sugarcane Harvesting – Cardiovascular Effects on a Group

of Healthy Workers, Brazil.” PLoS ONE 7 (9): e46142.

https://doi.org/10.1371/journal.pone.0046142.

18. Bernhard, David, Andrea Rossmann, and Georg Wick. 2005. “Metals in Cigarette Smoke.”

IUBMB Life 57 (12): 805–9. https://doi.org/10.1080/15216540500459667.

“Bradypnea: Causes, Symptoms, and Treatment.” 2017. Healthline. November 28, 2017.

https://www.healthline.com/health/bradypnea.



19. Byun, Hyang‐Min, Elena Colicino, Letizia Trevisi, Tianteng Fan, David C. Christiani, and

Andrea A. Baccarelli. 2016. “Effects of Air Pollution and Blood Mitochondrial DNA

Methylation on Markers of Heart Rate Variability.” Journal of the American Heart

Association:

Cardiovascular and Cerebrovascular Disease 5 (4): e003218.

https://doi.org/10.1161/JAHA.116.003218.

20. Cavallari, Jennifer M., Ellen A. Eisen, Jiu-Chiuan Chen, Shona C. Fang, Christine B.

Dobson, Joel Schwartz, and David C. Christiani. 2007. “Night Heart Rate Variability and

Particulate Exposures among Boilermaker Construction Workers.” Environmental Health

Perspectives 115 (7): 1046–51. https://doi.org/10.1289/ehp.10019.

21. Cavallari, Jennifer M, Ellen A Eisen, Shona C Fang, Joel Schwartz, Russ Hauser, Robert F

Herrick, and David C Christiani. 2008. “PM2.5 Metal Exposures and Nocturnal Heart

Rate Variability: A Panel Study of Boilermaker Construction Workers.” Environmental

Health 7 (July): 36. https://doi.org/10.1186/1476-069X-7-36.

22. Cavallari, Jennifer M., Shona C. Fang, Ellen A. Eisen, Murray A. Mittleman, and David C.

Christiani. 2016. “Environmental and Occupational Particulate Matter Exposures and

Ectopic Heart Beats in Welders.” Occupational and Environmental Medicine 73 (7): 435.

http://dx.doi.org/10.1136/oemed-2015-103256.

23. Cavallari, Jennifer M., Shona C. Fang, Ellen A. Eisen, Joel Schwartz, Russ Hauser, Robert

F .Herrick, and David C. Christiani. 2008. “Time Course of Heart Rate Variability

Decline Following Particulate Matter Exposures in an Occupational Cohort.” Inhalation

Toxicology 20 (4): 415–22. https://doi.org/10.1080/08958370801903800.



24. CDC. 2021. “High Blood Pressure Symptoms, Causes, and Problems | Cdc.Gov.” Centers for

Disease Control and Prevention. May 18, 2021.

https://www.cdc.gov/bloodpressure/about.htm.

25. Chen, Jiu-Chiuan, Peter H. Stone, Richard L. Verrier, Bruce D. Nearing, Gail MacCallum,

Jee-Young Kim, Robert F. Herrick, Jinhong You, Haibo Zhou, and David C. Christiani.

2006. “Personal Coronary Risk Profiles Modify Autonomic Nervous System Responses

to Air Pollution.” Journal of Occupational and Environmental Medicine 48 (11):

1133–42. Chuang, Kai-Jen, Hsiao-Chi Chuang, and Lian-Yu Lin. 2013. “Indoor Air

Pollution, Nighttime Heart Rate Variability and Coffee Consumption among Convenient

Store Workers.” PLOS ONE 8 (8): e63320.

https://doi.org/10.1371/journal.pone.0063320.

26. “C-Reactive Protein (CRP) Testing for Heart Disease.” n.d. WebMD. Accessed March 22,

2022 https://www.webmd.com/heart-disease/heart-disease-c-reactive-protein-crp-testing.

27. Dales, Robert, Ling Liu, Mietek Szyszkowicz, Mary Dalipaj, Jeff Willey, Ryan Kulka, and

Terrence D. Ruddy. 2007. “Particulate Air Pollution and Vascular Reactivity: The Bus

Stop Study.” International Archives of Occupational and Environmental Health 81 (2):

159–64. http://dx.doi.org/10.1007/s00420-007-0199-7.

28. Eninger, Robert M., and FrankS. Rosenthal. 2004. “Heart Rate Variability and Particulate

Exposure in Vehicle Maintenance Workers: A Pilot Study.” Journal of Occupational &

Environmental Hygiene 1 (8): 493–99. https://doi.org/10.1080/15459620490468223.

29. Fan, Tianteng, Shona C Fang, Jennifer M Cavallari, Ian J Barnett, Zhaoxi Wang, Li Su,

Hyang-Min Byun, Xihong Lin, Andrea A Baccarelli, and David C Christiani. 2014.

“Heart



Rate Variability and DNA Methylation Levels Are Altered after Short-Term Metal Fume

Exposure among Occupational Welders: A Repeated-Measures Panel Study.” BMC

Public Health 14 (December): 1279. https://doi.org/10.1186/1471-2458-14-1279.

30. Fang, Shona C., Jennifer M. Cavallari, Ellen A. Eisen, Jiu-Chiuan Chen, Murray A.

Mittleman, and David C. Christiani. 2009. “Vascular Function, Inflammation, and

Variations in

Cardiac Autonomic Responses to Particulate Matter Among Welders.” American Journal

of Epidemiology 169 (7): 848–56. https://doi.org/10.1093/aje/kwn405.

31. Hägglund, Harriet, Arja Uusitalo, Juha E. Peltonen, Anne S. Koponen, Jyrki Aho, Suvi

Tiinanen, Tapio Seppänen, Mikko Tulppo, and Heikki O. Tikkanen. 2012.

“Cardiovascular Autonomic Nervous System Function and Aerobic Capacity in Type 1

Diabetes.” Frontiers in Physiology 3 (September): 356.

https://doi.org/10.3389/fphys.2012.00356.

32. Hart, Jaime E., Eric Garshick, Douglas W. Dockery, Thomas J. Smith, Louise Ryan, and

Francine Laden. 2011. “Long-Term Ambient Multipollutant Exposures and Mortality.”

American Journal of Respiratory and Critical Care Medicine 183 (1): 73–78.

33. He, Dian, Shaowen Wu, Haiping Zhao, Hongyan Qiu, Yang Fu, Xingming Li, and Yan He.

2017. “Association between Particulate Matter 2.5 and Diabetes Mellitus: A

Meta‐analysis of Cohort Studies.” Journal of Diabetes Investigation 8 (5): 687–96.

https://doi.org/10.1111/jdi.12631.

34. “Heart Disease Explained: Signs, Symptoms, and How to Reduce Your Risk.” n.d.



Intermountainhealthcare.Org. Accessed April 5, 2022.

https://intermountainhealthcare.org/blogs/topics/heart/2021/01/heart-disease-explained-s

igns-symptoms-and-how-to-reduce-your-risk/.

35. “Heart Rate Variability (HRV): What It Is and How You Can Track It.” n.d. Cleveland Clinic.

Accessed March 8, 2022.

https://my.clevelandclinic.org/health/symptoms/21773-heart-rate-variability-hrv.

36. Hoyer, Dirk, Alexander Schmidt, Kathleen M. Gustafson, Silvia M. Lobmaier, Igor Lakhno,

Peter van Leeuwen, Dirk Cysarz, Hubert Preisl, and Uwe Schneider. 2019. “Heart Rate

Variability Categories of Fluctuation Amplitude and Complexity - Diagnostic Markers of

Fetal Development and Its Disturbances.” Physiological Measurement 40 (6): 064002.

https://doi.org/10.1088/1361-6579/ab205f.

37. Jia, Xu, Xuan Yang, Dayu Hu, Wei Dong, Fan Yang, Qi Liu, Hongyu Li, et al. 2018.

“Short-Term Effects of Particulate Matter in Metro Cabin on Heart Rate Variability in

Young Healthy Adults: Impacts of Particle Size and Source.” Environmental Research

167 (November): 292–98. https://doi.org/10.1016/j.envres.2018.07.017.

38. Lao, Xiang Qian, Cui Guo, Ly-Yun Chang, Yacong Bo, Zilong Zhang, Yuan Chieh Chuang,

Wun Kai Jiang, et al. 2019. “Long-Term Exposure to Ambient Fine Particulate Matter

(PM2.5) and Incident Type 2 Diabetes: A Longitudinal Cohort Study.” Diabetologia 62

(5):

759–69. https://doi.org/10.1007/s00125-019-4825-1.

39. Liu, Wen-Te, Chih-Ming Ma, I. -Jung Liu, Bor-Cheng Han, Hsiao-Chi Chuang, and Kai-Jen

Chuang. 2015. “Effects of Commuting Mode on Air Pollution Exposure and



Cardiovascular Health among Young Adults in Taipei, Taiwan.” International Journal of

Hygiene and Environmental Health 218 (3): 319–23.

https://doi.org/10.1016/j.ijheh.2015.01.003.

40. Ma, C.-M., L.-Y. Lin, H.-W. Chen, L.-C. Huang, J.-F. Li, and K.-J. Chuang. 2010. “Volatile

Organic Compounds Exposure and Cardiovascular Effects in Hair Salons.” Occupational

Medicine 60 (8): 624–30. https://doi.org/10.1093/occmed/kqq128.

41. Magari, Shannon R., Russ Hauser, Joel Schwartz, Paige L. Williams, Thomas J. Smith, and

David C. Christiani. 2001. “Association of Heart Rate Variability With Occupational and

Environmental Exposure to Particulate Air Pollution.” Circulation 104 (9): 986–91.

https://doi.org/10.1161/hc3401.095038.

42. Magari, Shannon R., Joel Schwartz, Paige L. Williams, Russ Hauser, Thomas J. Smith, and

David C. Christiani. 2002a. “The Association between Personal Measurements of

Environmental Exposure to Particulates and Heart Rate Variability.” Epidemiology 13

(3): 305–10.

43. Magari, Shannon R, Joel Schwartz, Paige L Williams, Russ Hauser, Thomas J Smith, and

David

C Christiani. 2002b. “The Association of Particulate Air Metal Concentrations with

Heart

Rate Variability.” Environmental Health Perspectives 110 (9): 875–80.

44. Meier, Reto, Wayne E. Cascio, Andrew J. Ghio, Pascal Wild, Brigitta Danuser, and Michael

Riediker. 2014. “Associations of Short-Term Particle and Noise Exposures with Markers

of Cardiovascular and Respiratory Health among Highway Maintenance Workers.”

Environmental Health Perspectives 122 (7): 726–32.



https://doi.org/10.1289/ehp.1307100.

45. Neophytou, Andreas M., Elizabeth M. Noth, Sa Liu, Sadie Costello, S. Katharine Hammond,

Mark R. Cullen, and Ellen A. Eisen. 2016. “Ischemic Heart Disease Incidence in Relation

to Fine versus Total Particulate Matter Exposure in a U.S. Aluminum Industry Cohort.”

PLoS ONE 11 (6): e0156613. https://doi.org/10.1371/journal.pone.0156613.

46. Riediker, Michael. 2007. “Cardiovascular Effects of Fine Particulate Matter Components in

Highway Patrol Officers.” Inhalation Toxicology 19 (August): 99–105.

https://doi.org/10.1080/08958370701495238.

47. Riediker, Michael, Ronald Williams, Robert Devlin, Thomas Griggs, and Philip Bromberg.

2003. “Exposure to Particulate Matter, Volatile Organic Compounds, and Other Air

Pollutants Inside Patrol Cars.” Environmental Science & Technology 37 (10): 2084–93.

https://doi.org/10.1021/es026264y.

48. Rienstra, Michiel, Steven A. Lubitz, Saagar Mahida, Jared W. Magnani, João D. Fontes,

Moritz F. Sinner, Isabelle C. Van Gelder, Patrick T. Ellinor, and Emelia J. Benjamin.

2012. “Symptoms and Functional Status of Patients with Atrial Fibrillation:

State-of-the-Art and Future Research Opportunities.” Circulation 125 (23): 2933–43.

https://doi.org/10.1161/CIRCULATIONAHA.111.069450.

49. Sarnat, Jeremy A., Rachel Golan, Roby Greenwald, Amit U. Raysoni, Priya Kewada, Andrea

Winquist, Stefanie E. Sarnat, et al. 2014. “Exposure to Traffic Pollution, Acute

Inflammation and Autonomic Response in a Panel of Car Commuters.” Environmental

Research 133 (August): 66–76. https://doi.org/10.1016/j.envres.2014.05.004.

50. Shaffer, Fred, and J. P. Ginsberg. 2017. “An Overview of Heart Rate Variability Metrics and

Norms.” Frontiers in Public Health 5.



https://www.frontiersin.org/article/10.3389/fpubh.2017.00258.

51. Shirai, Kohji, Noriyuki Hiruta, Mingquiang Song, Takumi Kurosu, Jun Suzuki, Takanobu

Tomaru, Yoh Miyashita, et al. 2011. “Cardio-Ankle Vascular Index (CAVI) as a Novel

Indicator of Arterial Stiffness: Theory, Evidence and Perspectives.” Journal of

Atherosclerosis and Thrombosis 18 (11): 924–38. https://doi.org/10.5551/jat.7716.

52. “Symptoms, Diagnosis and Monitoring of Arrhythmia | American Heart Association.” n.d.

Accessed March 9, 2022.

https://www.heart.org/en/health-topics/arrhythmia/symptoms-diagnosis--monitoring-of-a

rr hythmia.

53. “Tachycardia - Symptoms and Causes.” n.d. Mayo Clinic. Accessed March 8, 2022.

https://www.mayoclinic.org/diseases-conditions/tachycardia/symptoms-causes/syc-2035

5127.

54. Umukoro, Peter E., Jennifer M. Cavallari, Shona C. Fang, Chensheng Lu, Xihong Lin,

Murray A. Mittleman, and David C. Christiani. 2016. “Short-Term Metal Particulate

Exposures Decrease Cardiac Acceleration and Deceleration Capacities in Welders: A

Repeated-Measures Panel Study.” Occupational and Environmental Medicine 73 (2): 91.

http://dx.doi.org.umiss.idm.oclc.org/10.1136/oemed-2015-103052.

55. “UtahAir - Particulate Matter.” n.d. Accessed April 5, 2022.

https://health.utah.gov/utahair/pollutants/PM/#gsc.tab=0.

56. “Volatile Organic Compounds (VOCs) in Your Home - EH: Minnesota Department of

Health.”

n.d. Accessed March 22, 2022.

https://www.health.state.mn.us/communities/environment/air/toxins/voc.htm.



57. Wu, Chang-fu, I-Chun Kuo, Ta-Chen Su, Ya-Ru Li, Lian-Yu Lin, Chang-Chuan Chan, and

Shih-Chieh Hsu. 2010. “Effects of Personal Exposure to Particulate Matter and Ozone on

Arterial Stiffness and Heart Rate Variability in Healthy Adults.” American Journal of

Epidemiology 171 (12): 1299–1309. https://doi.org/10.1093/aje/kwq060.

58. Wu, Chang-fu, Ya-Ru Li, I-Chun Kuo, Shih-Chieh Hsu, Lian-Yu Lin, and Ta-Chen Su. 2012.

“Investigating the Association of Cardiovascular Effects with Personal Exposure to

Particle Components and Sources.” Science of The Total Environment 431 (August):

176–82. https://doi.org/10.1016/j.scitotenv.2012.05.015.

59. Wu, Shaowei, Furong Deng, Jie Niu, Qinsheng Huang, Youcheng Liu, and Xinbiao Guo.

2010. “Association of Heart Rate Variability in Taxi Drivers with Marked Changes in

Particulate Air Pollution in Beijing in 2008.” Environmental Health Perspectives 118 (1):

87–91. https://doi.org/10.1289/ehp.0900818.

60. ———. 2011. “Exposures to PM2.5 Components and Heart Rate Variability in Taxi Drivers

around the Beijing 2008 Olympic Games.” Science of The Total Environment 409 (13):

2478–85. https://doi.org/10.1016/j.scitotenv.2011.03.034.

61. Wyatt, Lauren H., Robert B. Devlin, Ana G. Rappold, Martin W. Case, and David

Diaz-Sanchez. 2020. “Low Levels of Fine Particulate Matter Increase Vascular Damage

and Reduce Pulmonary Function in Young Healthy Adults.” Particle and Fibre

Toxicology 17 (1): 58. https://doi.org/10.1186/s12989-020-00389-5.

62. Zhang, Yannan, Mengtian Chu, Jingyi Zhang, Junchao Duan, Dayu Hu, Wenlou Zhang,

Xuan Yang, Xu Jia, Furong Deng, and Zhiwei Sun. 2019. “Urine Metabolites Associated

with



Cardiovascular Effects from Exposure of Size-Fractioned Particulate Matter in a Subway

Environment: A Randomized Crossover Study.” Environment International 130

(September). http://www.sciencedirect.com/science/article/pii/S0160412019306567.

63. Zhao, Jinzhuo, Zhiyi Gao, Zhenyong Tian, Yuquan Xie, Feng Xin, Rongfang Jiang, Haidong

Kan, and Weimin Song. 2013. “The Biological Effects of Individual-Level PM2.5

Exposure on Systemic Immunity and Inflammatory Response in Traffic Policemen.”

Occupational and Environmental Medicine 70 (6): 426.

http://dx.doi.org.umiss.idm.oclc.org/10.1136/oemed-2012-100864.


	Occupational Fine Particulate Matter Exposure and its Associated Effects on the Cardiovascular System: A Systematic Review
	Recommended Citation

	Final Thesis Sendout.pdf

