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ABSTRACT

Many oil and gas extraction (OGE) activities occur in high-heat environments, resulting in a
significant risk of heat-related illness among outdoor workers in this industry. This report
highlights cases of occupational heat-related illness that resulted in death and identifies
common risk factors for heat-related fatalities and hospitalizations among OGE workers. Two
databases maintained by the National Institute for Occupational Safety and Health (NIOSH)
and the Occupational Safety and Health Administration (OSHA) were reviewed to identify
heat-related fatalities, hospitalizations, and associated risk factors among OGE workers. Nine
fatalities and associated risk factors were identified during 2014-2019 from NIOSH’s
Fatalities in Oil and Gas Extraction (FOG) Database. Risk factors identified included those
commonly associated with heat-related fatalities: new workers not acclimatized to heat,
inadequate heat stress training, and underlying hypertension or cardiovascular disease. Of
particular note, substance use was identified as a significant risk factor as more than half of
the fatalities included a positive postmortem test for amphetamines or methamphetamines.
Fifty heat-related hospitalizations were identified from OSHA's Severe Injury Report
Database during January 2015-May 2021. Heat stress has been and will continue to be an
important cause of fatality and adverse health effects in OGE as hot outdoor working condi-
tions become more common and extreme. More emphasis on heat stress training, acclima-
tization regimens, medical screening, and implementation of workplace-supportive recovery
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programs may reduce heat-related fatalities and injuries in this industry.

Introduction

The US. oil and gas extraction (OGE) industry
employed 353,487 workers in 2020 (BLS 2022).
Increasing global temperatures make it more likely
that outdoor workers, including OGE workers, may
work in increasingly extreme heat conditions. The
Permian Basin, located in western Texas, is where
nearly 40% of U.S. oil production occurs (RRC 2022).
Summer temperatures in this region routinely surpass
37.7 degrees Celsius (°C) (100 degrees Fahrenheit
(°F)). Many OGE activities are performed outside and
work shifts surpassing 12hr are normal on onshore
well sites (Siddique et al. 2019; Hagan-Haynes et al.
2022).

Between 2011 and 2019, 344 U.S. workers died on
the job due to environmental heat exposure; this is
likely under-reported since this count only accounts
for fatal injuries where heat exposure was a direct

cause and not a contributing factor (BLS 2021). The
true incidence of heat-related occupational injuries is
unknown (Gubernot et al. 2014). There is a strong
link between environmental heat exposure and occu-
pational injuries. Heat exposure can lead to a physio-
logical response in workers manifesting as fatigue,
reduced psychomotor performance, loss of concentra-
tion, and reduced alertness or as a psycho-behavioral
response displaying as discomfort, altered behavior,
and reduced use or improper wearing of personal pro-
tective equipment (PPE) (Schulte and Chun 2009;
Varghese et al. 2018). Both responses contribute to
increased workplace hazards, physical injury risks, and
heat-related illness (HRI) (Varghese et al. 2018).

The human body seeks to maintain a core tempera-
ture of 37°C (98.6°F) regardless of external condi-
tions (McDonald et al. 2008). However, the body’s
ability to maintain homeostasis can be affected by
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high external temperatures and other factors, which
can lead to a spectrum of HRI (McDonald et al. 2008)
including heatstroke, heat syncope, dehydration or
loss of electrolytes, and heat exhaustion (ACGIH
2017). Individual risk factors that increase the likeli-
hood of HRI include advanced age, comorbidities
(such as cardiovascular disease and diabetes), obesity,
pregnancy, poor hydration, certain medications, recre-
ational drug/alcohol usage, having had a previous
HRI, use of certain PPE and clothing and the lack of
heat acclimatization (Jacklitsch et al. 2016). Additional
indications that may place workers at greater risk of
HRI include lack of sleep, fatigue, or lack of recovery
from the previous day, not having eaten recently,
gastrointestinal discomfort, and psychological stress
(Morrissey et al. 2021).

While heat stress is a commonly recognized hazard
for outdoor oil and gas workers, peer-reviewed heat
stress exposure and health effects studies on this
population are limited. A comprehensive review and
meta-analysis of occupational heat strain in outdoor
workers published in 2022 by Ioannou et al. included
studies that involved monitoring workplace heat expo-
sures among outdoor workers carrying out their
duties in warm-to-hot environments. Of the studies
included, only 0.5% of the outdoor workers worked in
oil and gas production and were from a single study
of heavy-oil power plant workers in a subtropical
country (Yang et al. 2017). McDonald et al. (2008)
described conditions and recommendations for
improving heat stress safety in the Arabian Gulf oil
and gas industry, while Girard et al. (2021) investi-
gated the effects of seasonal heat stress on cognitive
function in workers in the oil and gas industry in the
Middle East. Our search of the peer-reviewed litera-
ture yielded few, if any, studies focused on HRI
among the U.S. oil and gas worker population.

The U.S. OGE industry must understand the risks of
heat stress and the steps to be taken to protect workers.
This report summarizes heat-related fatal and severe ill-
nesses in the OGE industry from 2014 to 2021 and rec-
ommends appropriate prevention controls.

Methods
NIOSH Fatalities in Oil and Gas Database

The fatalities reviewed were identified from the National
Institute for Occupational Safety and Health (NIOSH)
Fatalities in Oil and Gas Extraction (FOG) database
(NIOSH 2021). This database collects detailed informa-
tion about fatalities that have occurred among OGE
workers from 2014-2019, representing all available years
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of data in the database. Information on the fatal incidents
is collected from Occupational Safety and Health
Administration (OSHA) reports, Bureau of Safety and
Environmental Enforcement (BSEE) reports, media cover-
age, autopsy, medical reports (if available), and other
industry sources (Ridl et al. 2017).

The FOG database was screened for all incidents involv-
ing heat or environmental exposures by filtering for inci-
dents with an event type of “Exposure: environmental.”
The resulting records were reviewed to determine if heat or
high temperatures were mentioned. The database was also
filtered for incidents that were weather-related, with high
temperatures noted as an environmental factor. A keyword
search was also performed for “heat,” “hot,” and
“temperature” in the incident descriptions.

After this initial screen, the resulting fatality records
were individually reviewed by an occupational medicine
fellow for evidence that the fatalities were caused by heat.
In the review, data extracted from descriptions contained
in the fatality records of each case were compiled in a
spreadsheet including worker demographics, recorded
environmental and core body temperatures (if available),
physical activities characterized as “moderate,” “heavy,”
or “very heavy’ preceding the fatality (ACGIH 2017),
reported heat-related symptoms, new employee status,
evidence of inadequate training, and occupational risk
factors such as positive drug results from a toxicology
screen. Extracted data was also reviewed by research team
members for completeness and validation, as needed.

A core temperature of 40.5°C (105°F) and brain
dysfunction are typically used for a medical diagnosis
of heatstroke (Bouchama and Knochel 2002).
However, core temperature and symptoms before
death were often missing from the FOG incident files.
Because of instances of such missing data, the criteria
outlined in Table 1 were developed to identify cases
meeting epidemiological case definitions intended to
apply to this review of FOG record data for definite
or possible heatstroke-related fatality or where HRI
was a contributing factor in fatalities.

OSHA severe injury report database

Heat-related incidents in the OGE industry that required
hospitalization from January 2015 to May 2021 were col-
lected from the OSHA severe injury reports database,
which is a compilation of OSHA-mandated reports on all
severe work-related injuries, as required by OSHA
Standard 1904.39 (OSHA 2014). The database includes
an incident description including the location, date,
North American Industry Classification System (NAICS)
codes, and Occupational Injury and Illness Classification
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Table 1. Criteria for epidemiological case definitions of heat-related fatalities.

Criterion 1:
Criterion 2:

The worker had a measured core temperature of 40.5°C (105 °F) or greater
The worker had symptoms of brain dysfunction consistent with heat stress including loss of

consciousness, mental status changes, seizures, and delirium/agitation

Criterion 3:

The worker was performing moderate, heavy, or very heavy physical activities® in an environment with a

temperature that was measured or assumed to be greater than 32.2°C (90 °F). A temperature less than
32.2°C can be accepted if the worker was wearing heat-insulating clothing.

Criterion 4:

“Hyperthermia,” “heat stress,” “heat exhaustion,” or “heatstroke” were mentioned as potential contributing

causes of death on the final OSHA inspection or medical examiner’s report

e Incidents that met at least three of the above criteria were defined as definite epidemiological cases of heatstroke.
e Incidents that met two of the above criteria were defined as possible epidemiologic cases of heatstroke or where HRI was a contributing factor in

fatalities.

2per the 2017 ACGIH® TLV® manual, moderate activity is defined as normal walking, sustained moderate upper or lower extremity work, such as light
pushing and pulling. Heavy activity is defined as intense upper or lower extremity work, such as carrying, shoveling, sawing, pushing, or pulling heavy
loads, or fast-paced walking. Very heavy activity is defined as very intense activity at a fast to maximum pace (ACGIH 2017).

System (OIICS) codes that describe the event or expos-
ure, part of the body affected, and source and nature of
the injury or illness (OSHA 2015). To identify heat-
related incidents, the OSHA severe injury report was fil-
tered by the OIICS codes “530 Exposure to temperature
extremes, unspecified” and “531 Exposure to environ-
mental heat.” These results were then filtered to include
only those company types that operate in the OGE indus-
try as defined by NAICS. These included oil and gas
operators (211), drilling contractors (213111), and well-
servicing companies (213112). The resulting data includ-
ing the date and location of the event, the nature of the
illness, and a brief narrative of the event was compiled in
a spreadsheet and analyzed. Detailed information avail-
able in the NIOSH FOG fatality reports such as worker
demographics, core body and environmental tempera-
tures, or associated occupational risk factors were unavail-
able in the OSHA Severe Injury Report database.

Results
Heat-related fatalities from the FOG database

Ten fatalities in the FOG database during the years
2014-2019 were identified as potential heat-related
fatalities after the initial screening. These 10 were then
individually reviewed using the criteria in Table 1.
From this review, nine met the criteria for a heat-
related fatality. A summary of the fatalities is found in
Table 2. Six met the criteria for definite heatstroke-
related fatality, while three were classified as possible.
All nine occurred between June and September and
all nine workers were engaged in well servicing activ-
ities (NAICS code 213112). Eight fatalities occurred in
Texas, and one occurred in Kansas. The following
presents summaries and occupational risk factors in
common among a selection of the fatal incidents:

Worker #1

Summary. This was a male in his 40s working in a
confined space to remove an obstruction. In late after-
noon, the worker called management personnel
reporting he was cramping and feeling nauseous. He
was instructed to continue working. After a 12-13-hr
shift in direct sun, he went to his residence where he
suffered a seizure, hitting his head on a windowsill
and causing a head laceration. He later died at the
hospital. The OSHA inspection report listed heat

exhaustion as a cause of death.

Occupational risk factors. The worker was doing
moderate-to-heavy work outside in June where the
temperature was 35.5°C (96°F) and in an enclosed
space, possibly impairing sweat evaporation due to
reduced airflow. He was employed by the company
for 2days and did not have significant time to accli-
matize to the hot work environment. Although the
worker notified management of his symptoms, he was
instructed to continue working, suggesting manage-
ment personnel were not adequately trained or know-
ledgeable on heat stress and HRI prevention.

Worker #2

Summary. This was a male in his 20s checking a pipe-
line. Throughout his shift, he walked 7 miles, took
several breaks, and drank seven to eight bottles of
water. He was later found unconscious and unrespon-
sive by a coworker. His internal body temperature
registered 42.8°C (109°F) and subsequently died of
heatstroke. The medical examiner reported hyperther-
mia as a contributing factor to his death.

Occupational risk factors. The worker performed at
least moderate physical activity in August where the
temperature ranged from 23.9 to 33.3°C (75-92°F)
with 36% humidity. The OSHA report indicated
employees of the company were not adequately
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Table 2. Characteristics of heat-related fatalities among OGE workers, fatalities in oil and gas extraction (FOG) database, 2014-

2019 (n=9).
Count % of Total
Age
Median (Range) 35 (19-67)
Sex
Male 9 100
NAICS
213112—Well Servicing 9 100
States
Kansas 1 1.1
Texas 8 88.9
Months of fatality
June 3 333
July 3 333
August 2 2222
September 1 1.1
Heat-related conditions identified
Measured core temperature of 40.5°C (105 °F) or greater 3 333
Symptoms of brain dysfunction including loss of consciousness, mental status changes, seizures, and delirium/agitation 9 100
Moderate, heavy, or very heavy physical activity in an environment with temperature greater than 32.2°C (90 °F) 8 88.9
Additional risk factors
Lack of acclimatization 4 444
Inadequate training 5 55.6
Use of PPE that may have contributed to heat load 2 22.2
Underlying hypertension or arteriosclerotic cardiovascular disease 4 444
Body mass index (BMI) above 30.0 (obese) 5 55.6
Positive drug screen 5 55.6
First day of work 3 333
Worked at the company for less than 2 weeks 5 55.6

trained to recognize signs and symptoms of heat stress
and a period of acclimatization was not implemented
for new hires.

Worker #3

Summary. This was a man in his 50s pumping rain-
water out of a containment area. His colleague
stepped away for an undetermined amount of time
and found the worker unresponsive upon his return.
The colleague began first aid, but the worker died in
the hospital. The medical examiner reported hyper-
thermia as a contributing factor to his death.

Occupational risk factors. The worker was perform-
ing at least moderate physical activity outside in June
where the temperature was approximately 37.2°C
(99 °F) with 39% humidity.

Worker #4

Summary. This was a male in his 50s moving heavy
hoses while wearing heavy coveralls and a half-face-
piece respirator with P100 filters for about an hour in
direct sunlight. After finishing, he called the dis-
patcher and said he was very hot and needed water.
He also called his wife, stating he was going to a truck
stop to cool off. An hour later, a coworker saw the
worker’s truck at the truck stop, finding the driver
dead in the driver’s seat; drinking water was found in

his vehicle. The medical examiner listed hyperthermia
as a contributing factor to his death.

Occupational risk factors. This was a lone worker
performing heavy physical activity in August when
the temperature was 37.2°C (99 °F) and humidity up
to 40%, with a heat index of 43.3°C (110°F). The
worker was wearing heavy coveralls and a half-face
respirator, which contributed to increased heat and
workload.

Worker #5

Summary. This was a male in his 60s welding at a
remote oilfield site and found unconscious by other
workers. Upon regaining consciousness, the worker
stated he may have overheated. He was able to drive
to his office where coworkers drove him home. His
condition deteriorated and he was taken to the hos-
pital where he died from a fractured skull, ribs, and
contusions, likely sustained when he lost conscious-
ness and fell in the field. The OSHA inspection report
listed heat exhaustion as a cause of death.

Occupational risk factors. This was a worker per-
forming moderate-to-heavy activity in a remote oil-
field in September where the temperature was 35.5°C
(96 °F) and the heat index registered 40.5°C (105 °F).
The worker was also welding which generates heat.
The employer didn’t have a heat stress management



62 N. W. LIN ET AL.

program so the worker likely did not have appropriate
heat stress training. He experienced an unwitnessed
fall and lost consciousness, which may have been a
result of heat exhaustion; the coroner listed blunt
force trauma of the head as the primary cause of
death.

Personal risk factors for heat-related fatalities

Of the nine fatalities identified, five had positive post-
mortem drug screens for amphetamines and/or meth-
amphetamines; it is unknown if these were prescribed
medications. Two of these five workers also had posi-
tive drug screens for cocaine. All the fatalities were
male, reflecting a significant majority of the industry’s
workforce. Most were under 50 years of age, reflective
of exertional heatstroke which typically impacts those
aged 15-45 (Jacklitsch et al. 2016). Of the nine fatal-
ities, eight were performing at least moderate work
activity, with several noted as heavy work activity, a
contributing factor to exertional heatstroke. Height/
weight or body mass index (BMI) was identified in
the records of seven workers who suffered fatalities.
Of these, five had a BMI above 30.0 (obese) and one
had a BMI between 25.0 and 29.9 (overweight). A his-
tory of hypertension or atherosclerotic cardiovascular
disease was noted in the records of four of the nine
fatalities.

Heat-related illnesses from the OSHA severe injury
report database

From the severe injury database between January
2015-May 2021, 50 OGE workers reported experienc-
ing serious HRI requiring hospitalizations. A sum-
mary of the adverse health effects and hospitalizations
is found in Table 3. The states with the highest num-
bers of incidents were Texas (30), Oklahoma (5), and
North Dakota (5). (While these are known to be large
oil and gas producing states, other states with heat
stress hospitalizations may be missing due to limita-
tions in the data source; see “Limitations” section
below.) Most were performing at least some moderate
physical activity. All incidents occurred between May
and September, with the highest number of incidents
in July (21). Many of the reports had missing infor-
mation about symptoms, but the most frequently
mentioned symptoms, when present, were body aches/
cramps/pain, feeling ill or sick, and nausea/vomiting.

Table 3. Characteristics of heat-related adverse health effects
resulting in hospitalizations among OGE workers, OSHA Severe
injury database, January 2014-May 2021 (n = 50).

Count % of Total
NAICS
211—Operators 2 4
213111—Drilling Contractors 13 26
213112—Well Servicing Contractors 35 70
State?
Arkansas 1 2
lllinois 2 4
Louisiana 3 6
Mississippi 1 2
North Dakota 5 10
Ohio 3 6
Oklahoma 5 10
Texas 30 60
Month of recorded incident
May 4 8
June 7 14
July 21 42
August 12 24
September 6 12
Heat exhaustion symptomsb
Body aches/cramps/pain 14 28
Feeling ill or sick 8 16
Nausea/vomiting 6 12
Lightheadedness or dizziness 4 8
Fatigue or weakness 2 4
Loss of consciousness or collapse 2 4
Shortness of breath 2 4
High Creatinine Kinase 1 2
Sweating heavily 1 2

Undefined 20 40

*The OSHA severe injury reports database does not include information
from OSHA state plans which maintain their own requirements for
reporting to their individual state agencies.

Multiple symptoms may be reported for each individual.

Discussion

Four main risk factors associated with HRI arose in
the analysis of OGE fatalities: lack of acclimatization,
inadequate training, underlying cardiovascular disease,
and a positive drug screen for sympathomimetic
drugs, particularly amphetamines. In at least four
fatalities, fluids and/or air-conditioning were provided
suggesting that preventing heatstroke requires more
than access to fluids and a cool environment, or that
fluids and cool environment were provided too late or
inefficiently.

This study demonstrates a lack of appropriate accli-
matization and heat stress training programs available
to some OGE workers, especially new employees. The
absence of acclimatization protocols for new workers
in heat illness prevention programs has previously
been identified as a factor among cases of occupa-
tional HRI resulting in death (Arbury et al. 2014). In
this review, five of nine worker fatalities were individ-
uals working at their company for less than two
weeks; three died on their first day of work, suggest-
ing a lack of acclimatization may be a factor in such
cases. It is unknown if or to what extent self-pacing, a



protective behavior in which a worker adjusts their
work rate in severe thermal conditions to avoid
physiological strain (Miller et al. 2011), may have
been compromised in these cases. New or inexperi-
enced workers may have overridden the instinct to
reduce work rate in response to perceived heat stress,
also contributing to the HRI. Additionally, there was
evidence of inadequate heat stress training in five
fatalities, which could fail to recognize or appropri-
ately respond to the signs and symptoms of heat
stress.

Four of nine fatalities involved workers with under-
lying cardiovascular disease or hypertension. Hot con-
ditions cause an increase in cardiac demand as heart
rate and cardiac output increase (ACGIH 2017). This
increased demand on the cardiovascular system can
be especially dangerous for individuals with underly-
ing cardiovascular disease. In a systematic review and
meta-analysis of published epidemiologic evidence
linking heat exposures and cardiovascular disease out-
comes, Liu et al. reported a 1.6% increased risk of
morbidity due to arrhythmias and cardiac arrest asso-
ciated with high temperatures (Liu et al. 2022).
Additionally, they found that there is an associated
2.1% increase in cardiovascular diseaserelated mortal-
ity for every 1°C (1.8°F) increase in temperature
above reference temperatures (Liu et al. 2022).

Amphetamines, methamphetamines, and cocaine
can induce hyperthermia independent of external tem-
peratures, especially in the brain, which is responsible
for the neurotoxicity associated with the drugs
(Bowyer and Hanig 2014). Hyperthermia occurs in a
dose-dependent manner and produces a breakdown of
the blood-brain barrier, which alters neurochemical
brain metabolism (Sharma et al. 2009). External tem-
perature greatly amplifies the hyperthermic effects of
these drugs; in animal models of methamphetamine
intoxication, warm external temperatures cause a
higher and more rapid rise in brain temperature and
subsequently death (Kiyatkin and Sharma 2009). In a
report of OSHA medical records and investigation
materials between 2010 and 2019, a high prevalence
of amphetamine use (>25%) among 34 U.S. workers
with severe hyperthermia was identified (Karasick
et al. 2020). In this review, greater than 50% of work-
ers tested positive postmortem for amphetamines and/
or methamphetamines. It is uncertain if the amphet-
amines were prescribed by a medical practitioner or if
they were taken for recreational use.

Most of the HRI reported in the severe injury data-
base were from Texas in the months between May
and September, peaking in July and August during

JOURNAL OF OCCUPATIONAL AND ENVIRONMENTAL HYGIENE . 63

which environmental temperatures are often the high-
est. While Texas is hot in the summertime, this also
reflects that a majority of OGE work is done in this
state. Seventy percent of recorded injuries were
amongst workers employed by well-servicing compa-
nies (NAICS 213112), which constituted 53.5% of
employment in 2020 of the three NAICS codes identi-
fied (BLS 2022). This suggests well-servicing workers
may be at greater risk for HRI, particularly given
100% of the heatstroke fatalities identified in this
review were well-servicing workers. Activities per-
formed by well-servicing workers to maintain and
repair a well’s equipment and components are often
demanding and performed outdoors. Employers in
this sector particularly should be aware of and respon-
sive to the significant potential for exertional HRI
from the combination of heavy activity load and high
temperatures. Many reports in the OSHA database
had no information on reported symptoms. However,
the three most commonly reported symptoms
included body aches/cramps/pain; feeling ill or sick;
and nausea/vomiting; these are unsurprising as heat
cramps may be the initial manifestations of HRI
resulting from dehydration and loss of electrolytes
and nausea/vomiting is a noted sign of heat exhaus-
tion which can progress to heatstroke if left untreated
(Gubernot et al. 2014; Jacklitsch et al. 2016). Such
symptoms suggest workers may not have been prop-
erly hydrating throughout their work shifts or taking
sufficient rest breaks from what was likely to be high-
exertion work activities. While these injuries didn’t
progress to more serious heatstroke or fatality, the
incidents should be recognized by employers as senti-
nel health events indicating inadequate heat control
measures and the need to improve heat stress man-
agement programs (Jacklitsch et al. 2016).

Recommended controls

OGE work inevitably requires work outside in high
heat conditions. It is impossible to eliminate or substi-
tute this heat exposure since the heat is a consequence
of the natural climate. However, several other control
measures can be taken to mitigate the dangers of heat
stress by addressing risk factors identified in this
report including inadequate heat stress training, lack
of acclimatization programs, and the elevated risk of
HRI with underlying cardiovascular disease and
amphetamine use. From the fatalities identified,
adequate and comprehensive HRI-prevention training
and management programs are essential and should
be developed or strengthened in the following areas:
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e Emphasize heat stress training to new hires and
reinforce such training to all field workers regu-
larly, including how to:

e recognize early signs and symptoms of HRI,

e notify supervisors immediately if workers sus-
pect they or a colleague may be suffering from
an HRI,

e provide basic first aid for workers experiencing
HRI including cooling the individual with what-
ever means possible,
seek immediate medical help,
understand the importance and indicators of
hydration status, and

e understand the risk of amphetamine use
(including amphetamines prescribed by a phys-
ician) in hot working conditions.

e DProvide easy access to adequate hydration and
electrolyte replacement to maintain electrolyte
balances.

e Train and permit workers to self-pace during work
activities under high thermal stress as part of a
holistic approach to managing heat stress and
work/rest schedule, but it is important to recognize
that relying on self-pacing alone may not be suffi-
cient (NIOSH 2017).

e Implement buddy systems in which each worker
and supervisor is assigned to observe one or more
fellow workers for early signs of HRI (Jacklitsch
et al. 2016).

e Follow NIOSH recommendations for acclimatizing
new and returning workers to working conditions
in the heat. It is recognized that many OGE work-
ers’ shifts include 14 consecutive workdays fol-
lowed by 14 days off work. Absence from work in
the heat for a week or more results in a loss of
acclimatization; most individuals’ heat tolerance
returns to baseline after one month away from
work in the heat (Jacklitsch et al. 2016).

e Utilize a medical monitoring program that includes:
o Assessing workers’ health before and during

work in hot environments, particularly work
that is physically demanding (Jacklitsch et al.
2016),

o A preplacement medical evaluation for workers
in hot jobs that includes a comprehensive work
and medical history (including the cardiac, vas-
cular, respiratory, neurologic, and renal sys-
tems), physical examination and blood pressure
evaluation, obesity assessment, and assessment
of a worker’s ability to wear and use protective
clothing and equipment (Jacklitsch et al. 2016).

o Identifying workers who may have low physical
work capacity due to medical illness (especially
cardiovascular disease, high blood pressure, or
diabetes) as a component of medical screening
as they may be more susceptible to heat stress.

e Documenting what medications workers take
with attention to medications that can exacer-
bate dehydration (e.g., diuretics) or hyperther-
mia (e.g., amphetamines). Amphetamine use
can be screened for using a urine toxicology
screen. Employers must recognize that if work-
ers are prescribed amphetamines for conditions
such as attention deficit hyperactivity disorder
(ADHD) or narcolepsy, these medications may
result in a positive urine toxicology screen.

e Recognizing that workers taking amphetamines
are at higher risk of HRI and need extra pre-
cautions when working in hot environments
including longer and more conservative accli-
matization regimens. If the option is available,
these workers may be better suited for alterna-
tive work activities having more limited heat
exposures.

Limitations

Limitations to the NIOSH FOG database include
incomplete information in the available materials. The
FOG database leverages secondary data from a variety
of sources. Data for a given characteristic may be
missing in the FOG records for several reasons
including lack of standardized data collection by a
source, differential data collection practices across
sources, or logistical difficulty obtaining data for a
given fatality. Extensive meteorological details were
often not included in the source material reviewed for
the fatalities. While ambient temperature and relative
humidity were often found to be recorded in the
source materials (and included in this review when
available), additional climate parameters that could
provide more details on the thermal conditions lead-
ing to the fatalities such as cloud cover, air velocity,
and solar exposure were not included in the fatality
records. Additional fatalities in the FOG database may
have been heat-related but lacked information
required to identify the role heat played. The NIOSH
FOG database excludes fatalities that may have been
triggered by or associated with work activities but
occurred outside of work. Given these limitations, this
study likely underestimated the number of heat-
related fatalities.



Limitations to the OSHA database include inconsis-
tencies in information on worker activities or symp-
toms before hospitalization. Reports to the database
are submitted by health and safety professionals from
individual companies, resulting in non-standardized
reporting. Hospitalizations, amputations, or loss of an
eye are included in the database; however, workers
with injuries that don’t require hospitalization aren’t
included. The OSHA severe injury reports database
includes severe injuries required to be reported to fed-
eral OSHA from 24 states and the District of
Columbia under federal OSHA jurisdiction (OSHA
2022). This database doesn’t include information from
OSHA state plans which maintain their own require-
ments for reporting to their individual state agencies
(OSHA 2018). Lastly, mandatory reporting began in
January 2015; incidents before that are not included
in the review.

Conclusion

Among oil and gas workers, this study identified 9
heat-related fatalities and 50 hospitalizations. Risk fac-
tors for fatalities included new hires who weren’t
acclimatized to heat and inadequate training on heat
stress and HRI. This review also identified personal
risk factors including underlying hypertension or
arteriosclerotic cardiovascular disease and substance
use that have the potential to increase the risk for
HRI as major co-factors in heat-related fatalities
among oil and gas workers. Particularly regarding the
issue of amphetamine/methamphetamine use, these
data present an opportunity to highlight the impor-
tance for OGE occupational safety and health manag-
ers to introduce or improve the implementation of
medical screening for and training about the use of
substances that may exacerbate hyperthermia as well
as workplace supportive recovery programs (Ramirez-
Cardenas et al. 2023). Such programs may not only
prevent substance misuse and encourage recovery
amongst workers but may also play a role in prevent-
ing heat-related fatalities.

In addition to better understanding the effective-
ness of interventions related to substance use, an area
for future study to better understand, respond to, and
prevent HRI in the OGE industry is the use of
improving and emerging technologies. Because so
many workers in the OGE industry work alone and/
or in remote locations, a better understanding of how
lone worker technologies can help identify workers
experiencing a heat-related event, such as a fall or los-
ing consciousness, would be highly valuable. When
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experiencing an HRI, the ability to quickly respond
with emergency services may prove critical to saving
lives; the use of such lone-worker technology to
improve response time for heat stress incidents
deserves additional investigation as a tool for OGE
health and safety managers.

In addition to lone worker technology, other tech-
nologies being developed can measure in real-time
workers’ physiological parameters related to heat stress
as well as hydration status. These technologies are
developing rapidly and include smart textiles, patches,
and wearable accessories such as watches, belts, or bra-
celets (Saidi and Gauvin 2023). Testing and validating
the use of these technologies by workers in the OGE
industry specifically to identify conditions in real-time
before a potentially fatal heat-related event is an area in
need of further research.

The development of the FOG database was sup-
ported by a National Occupational Research Agenda
(NORA) grant. While FOG data is not currently being
collected due to the end of funding, future funding
and access to OSHA data systems could allow for add-
itional surveillance of fatal heat incidents. This data
collection and analysis could provide important
insights and directions on how the OGE industry can
best address heat-related illness resulting in death or
hospitalization as hot outdoor working conditions
become more common and extreme.
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