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14.1 INTRODUCTION

Heat is often a major concern in response activities, due not only to environmental
heat but also to the combined heat burden of metabolic heat from physical exer-
tion during tasks and the clothing and personal protective equipment (PPE) that is
worn, which can trap heat or increase physical exertion. In a study that surveyed
119 first responders (i.e., law enforcement, firefighting, explosive ordnance disposal
[EOD], and hazardous materials [HAZMAT] technicians), 99% reported heat stress
and heat-related illnesses (HRIs) (e.g., heat rash, heat cramps, heat exhaustion, and
heat stroke) and injuries (e.g., incidents from sweaty palms or slipping on a sweat
puddle on the floor, visual impairment from fogged-up safety glasses, and touch-
ing hot equipment that could result in burns) to be a risk to employee safety during
occupational duties, and 47% reported having had at least one employee experience
a HRI during operations in the previous year (Bach et al. 2018). For example, heat
stress is an ongoing issue among responders in large-scale oil spills. The Deepwater
Horizon oil spill response had 47,000 workers, including responders, at the height of
the response and 978 documented heat stress incidents (Michaels and Howard 2012).
During these large-scale emergencies, responders often find themselves in stressful
situations where there is a great demand for tasks to be completed quickly. The tasks
are physically strenuous, the shifts are long, and there is the need to wear PPE — all
leading to a higher risk for HRIs and injuries (NIOSH 2016).

14.2  HEAT IMPACTS WITH OCCUPATIONAL
SAFETY AND HEALTH IMPLICATIONS

14.2.1 ENVIRONMENTAL HEAT IMPACTS

Many workers spend their entire work shift in a variety of hot environments that
may become hotter because of rising ambient temperatures, increases in extreme
heat events, or shifting and expanding hot seasons (CDC 2008; Stocker 2014; Schulte
et al. 2016; Dahl et al. 2019a, 2019b). Overall, occupational exposures to heat and
humidity may be more hazardous than community exposures because workers gen-
erally have less control over the exposures in their response activities. Another health
issue of growing concern related to rising temperatures is chronic kidney disease of
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unknown etiology (CKDu). CKDu first started to draw attention when it was discov-
ered in sugar cane workers in Central and South America, with over 20,000 docu-
mented deaths noted by 2013 (Chicas et al. 2019; Pundee et al. 2020). CKDu has
been most often associated with chronic or repeated dehydration and heat stress from
physical work in a hot environment (Chapman et al. 2021; Chicas et al. 2019; Glaser
et al. 2016; Pundee et al. 2020; Shih 2023), while most cases of traditional chronic
kidney disease (CKD) are caused by hypertension and diabetes (NIH 2024). Cases
of chronic kidney disease have also been seen increasingly in various work popula-
tions (e.g., other agricultural workers, construction workers, and miners) and are of
increasing concern as more workers labor for longer periods in higher temperatures
(Glaser et al. 2016; Shih 2023; Pundee et al. 2020; Pradhan et al. 2019).

With hotter temperatures, workers may be less likely to wear appropriate cloth-
ing and PPE, reducing the protective layers over their skin that shield them from
ultraviolet (UV) radiation. Overexposure to UV radiation can result in skin cancer,
eye damage, and even potential immune suppression (McCarty and Taylor 2002;
Jaggernath et al. 2013; Barnes et al. 2019; Parker 2021).

Extreme weather (e.g., storms, floods, droughts, and wildfires) is a hazard to many
workers and results in hazardous conditions for emergency responders during and
after these events (Pinkerton et al. 2019; Vaisala 2022). Many of these worker and
responder populations will experience physical fatigue from long work hours, such
as during post-disaster rescue or cleanup phases, as well as resulting mental health
issues (Dodgen et al. 2016; Wang et al. 2016; Daghagh Yazd et al. 2019; Howard et
al. 2020; Metregiste et al. 2020). As many extreme weather events occur in warmer
months, these responders will also be at increased risk for HRIs and injuries (de
Almeida et al. 2012).

Temperature extremes, along with precipitation and moisture levels, can affect
the seasonality and distribution of vector-borne diseases, including mosquito-borne
and tick-borne diseases. Vector habitats are expanding, resulting in the wider spread
of ticks and mosquitoes, which may transmit diseases like Lyme disease, West
Nile, and Zika (Levi et al. 2018; Caminade et al. 2019; Fouque and Reeder 2019).
Poisonous plants (e.g., poison ivy, poison oak, and poison sumac) and venomous
snakes may spread through expanding habitats when temperatures become more
conducive to sustaining the species’ populations (Klimaszyk et al. 2014; Schulte et
al. 2016; Schindler et al. 2018). Increases in certain fauna and flora species may also
lead to increased usage of pesticides and herbicides, resulting in the potential for
additional human chemical exposures, such as particulates being spread during fires
and floods of areas that were chemically treated (Gatto et al. 2016).

14.2.2  MEeNTAL HEALTH IMPACTS

Responders facing post-disaster rescue and cleanup efforts from extreme weather
events, including high temperatures, may face mental health disorders, as they may
be more likely to suffer from new or worsened post-traumatic stress disorder (PTSD)
and depression (Lowe et al. 2016; Wang et al. 2016; Orui et al. 2018). For example,
during the multiday 2021 Heat Dome that affected western Canada, there was a
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massive increase in 911 calls for ambulance, police, and fire services to respond
to hundreds of community members succumbing to the heat (Tetzlaff et al. 2024).
According to the study, these responders experienced stressful job demands, con-
sisting of work overload (e.g., the surge in call volume, firefighters responding to
medical emergencies), emotional demands (e.g., severe medical emergencies, sudden
deaths, unresponsive patients, distraught family members), and physical demands
(e.g., resuscitation while wearing PPE, HRIs, and injuries). The study also noted that
work overload is a significant factor that contributes to worker burnout (Tetzlaff et
al. 2024).

14.2.3 OccuraTiONAL HEALTH EQUITY IMPACTS

Occupational health equity is an issue, particularly as increasing temperatures dis-
proportionately impact certain workers who are already at higher risk for injury,
illness, and fatality (Levy and Patz 2015; US EPA 2021la). The outdoor environ-
ments where emergencies occur may include numerous hazards, and controlling for
exposures and hazards is often challenging and not always feasible due to the nature
of the work (Kjellstrom et al. 2019; Orlov et al. 2019; NOAA NCEI 2022). As emer-
gency response and economic situations evolve, more migrant or immigrant worker
populations are participating in disaster response cleanup efforts, which may offer
better pay or other incentives. A combination of factors makes these workers more
susceptible to heat and other hazards, such as a lack of knowledge and safety train-
ing, poverty, seasonality of the work, extreme work conditions, cultural differences,
and language barriers (Flynn et al. 2014; O’Connor et al. 2014; Spector and Sheffield
2014; Levy and Patz 2015; Kiefer et al. 2016; Fan and Qian 2017; Ellis and Stam
2018; US EPA 2021a).

When compared to larger businesses, small businesses participating in responses,
including those being contracted for cleanup efforts, often face a lack of resources for
safety and health practices, greater time demands on managers, and fewer employees
to engage in activities such as safety committees (Lentz and Wenzl 2006; Mendeloff
2006; Buckley et al. 2008; Sinclair and Cunningham 2014). As safety and health
may require additional resources, they may not always take priority. Therefore, small
businesses are often burdened with higher injury and fatality rates (De Kok 2005;
Hasle and Limborg 2006; Lentz and Wenzl 2006; Donato et al. 2007; Parker et al.
2007; Delp et al. 2009; Sinclair and Cunningham 2014).

14.3 BASICS OF PHYSIOLOGY AND HEAT

14.3.1 How T1HE BobYy Cools

Humans have the capacity to maintain a nearly constant core (internal) body temper-
ature. A constant core body temperature is possible because of the ability to transfer
body heat (produced by the metabolism of food) to the environment (Parsons 2003).
In moderate environmental temperatures (i.e., below the average skin temperature
of 82.4°F-91.4°F [28°C-33.8°C]), there is a temperature difference between the
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environment and skin. The laws of thermodynamics dictate that energy (heat) flows
from a hotter region to a cooler region to achieve thermal equilibrium (Taylor et al.
2008). Therefore, body heat will flow from warm skin to the cooler environment.
When core body temperature warms the blood, which is circulated to the skin, heat
is transferred to the environment through dry heat transfer. Dry heat transfer occurs
through three primary methods: (1) convection (movement of air across the skin,
taking heat away from the body), (2) conduction (direct heat transfer from the skin
to a colder surface), and (3) radiation (direct heat transfer from the body to cooler
objects in the environment through infrared radiation). However, when the tempera-
ture of the objects in the environment is greater than skin temperature, heat flows
from the objects in the environment to the body, increasing core body temperature.
For example, firefighters are exposed to fires where the heat of the flames is trans-
ferred to the firefighter (cooler object) through radiation (electromagnetic radiation
in the infrared spectrum) and the firefighter gains heat (Parsons 2003; NIOSH 2016).

14.3.2  WHAT HapPENs WHEN A Bobpy Gets Too Hort

When core body temperature increases, the cardiovascular system responds by
rerouting warm blood from the deep body tissues to the blood vessels in the skin.
This warm blood heats up the skin, creating a larger temperature difference between
the skin and the environment. This facilitates the transfer of body heat to the envi-
ronment by dry heat mechanisms (i.e., convection, conduction, radiation) and helps
the body maintain a stable core body temperature (McArdle et al. 2010; Williams
2013; NIOSH 2016; Williams 2018).

When in a hot environment or when engaging in physical exertion, the body acti-
vates the sweating mechanism. When the core body temperature increases above a
certain level, water is transferred to the sweat glands and is excreted onto the skin
as sweat, where it evaporates. When sweat evaporates, it can remove a significant
amount of heat. Each liter (L) of sweat evaporated transfers 580 kilocalories of heat
from the body to the environment. A problem with this mechanism arises when the
relative humidity increases and the atmosphere can no longer accept any additional
moisture. In hot and humid environments, sweat does not evaporate; it remains on
the skin and does not contribute to the transfer of heat to the environment. The addi-
tion of heat to the core body temperature due to increased metabolism from physical
exertion adds to the heat contribution from the environment and increases the risk of
an HRI or injury (Taylor et al. 2008).

14.3.3 HEAT-RELATED ILLNESSES AND INJURIES

Heat-related illnesses and injuries lie on a continuum ranging from mild to severe
(including death). If proper intervention is initiated immediately, HRIs are treatable,
and those with mild to moderate HRIs generally recover completely. However, as
the severity of an HRI increases, the affected individual may progress from heat
exhaustion to heat stroke in a matter of minutes (Leon and Bouchama 2011; NIOSH
2016; Kenny et al. 2018). It is therefore vitally important to identify and treat HRIs
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rapidly (Leon and Bouchama 2011; NIOSH 2016). Heat tolerance is widely variable
and depends to a large degree on an individual’s prior acclimatization, physical fit-
ness, hydration status, cardiovascular function, prescription/recreational drug use
(including diuretics, alcohol, amphetamines, others), history of heat illness, and age
(Taylor, Kondo, and Kenney 2008; NIOSH 2016). The following sections describe
the various types of HRI and injuries, from mild to severe.

14.3.3.1 Heat Rash

Heat rash (miliaria rubra or prickly heat) appears as red papules in areas where
clothing is restrictive and where the skin is continuously wet due to unevaporated
sweat. This condition is caused by the reabsorption of sweat by keratinous layers of
the skin, which results in regional swelling. The regional swelling causes an obstruc-
tion of the sweat ducts, which, if untreated, may develop staphylococcal infections
(NIOSH 2016; Danzig et al. 2024). Miliaria crystallina, a similar skin disorder, gen-
erally occurs during the onset of sweating in areas of damaged skin (e.g., sunburn)
when the damage prevents the release of sweat. Sweat becomes trapped in clear skin
bumps, which resolve when sweating stops (NIOSH 2016; Palaniappan et al. 2023).
Finally, a third type of heat rash known as miliaria profunda occurs when sweat
ducts are blocked below the surface of the skin, usually following damage to the
skin (e.g., sunburn). However, cases of miliaria profunda have been reported in the
absence of any obvious injury to the skin. In contrast to miliaria rubra (prickly heat),
miliaria profunda manifests as discrete pale skin bumps like gooseflesh (NIOSH
2016; Danzig, Raunig, and Acholonu 2024).

In nearly all cases, heat rashes resolve with a return to a cooler environment and
with the cessation of sweating. When exposure to heat is limited and the skin is
allowed to dry, the incidence of recurrence of heat rashes diminishes. Heat rashes are
not by themselves dangerous but can result in a reduction of sweating and a decrease
in evaporative heat loss. Generally, the skin recovers from heat rashes within a few
weeks (NIOSH 2016; Danzig, Raunig, and Acholonu 2024).

14.3.3.2 Heat Cramps

Heat cramps may be associated with a continued loss of salt in sweat, accompanied
by a copious intake of water without appropriate replacement of salt (NIOSH 2016).
Low salt levels in the muscles can cause these painful cramps, which often occur in
the abdomen, arms, or legs. If someone is experiencing heat cramps, they need to
rest in a cool area, drink water, and eat some salty snacks or drink a sports drink.
A worker with heat cramps will need to wait a few hours before returning to heavy
work. If they have heart problems, are on a low-sodium diet, or if cramps do not
subside within one hour, then additional medical care may be necessary. Salt tablets
should not be taken since they are generally not necessary and can have some unex-
pected effects (NIOSH 2016). Each salt tablet contains about 400 mg of sodium and,
if taken without water, can result in stomach irritation. Moreover, salt tablets are
poorly absorbed in the stomach, but once they are absorbed they can result in sig-
nificant strain on the kidneys. The kidneys will register that the body has absorbed
too much salt and will excrete the excess salt in the urine while also excreting a
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significant amount of fluid in the process. Therefore, consumption of salt tablets
may actually result in dehydration rather than increased hydration (Coyle 2004).
The average diet in the United States contains more sodium than the minimum daily
requirement, and sodium lost from sweating will often be replaced from dietary
sources (Montain and Cheuvront 2008).

14.3.3.3 Heat Exhaustion

Heat exhaustion is the result of excessive exposure to heat coupled with reduced fluid
intake (Kenny et al. 2018; Périard et al. 2021). Without adequate fluid intake, espe-
cially during increased sweating, a reduction in blood plasma volume occurs, which
results in cardiovascular strain (Taylor et al. 2008; NIOSH 2016). The reduction in
plasma volume may be worsened by the vomiting that is often observed in those suf-
fering from heat exhaustion (Leon 2007; Leon and Bouchama 2011). This leads to
an inability to sustain cardiac output (the amount of blood pumped by the heart per
minute). Heat-related cardiovascular strain results in an increased heart rate (greater
than expected due to physical activity alone) to maintain cardiac output in the pres-
ence of a decreased stroke volume (the amount of blood pumped by the heart per
beat) (Lucas et al. 2018).

A reduction in cardiac output decreases the oxygen supply to cells and organ
systems, compromises muscular function, and reduces the flow of blood to the skin
for heat transfer (Kenny et al. 2018). Frequently, the inability of the cardiovascular
system to compensate for excessive heat leads to a drop in blood pressure (due to
a decrease in peripheral vascular resistance), resulting in symptoms such as light-
headedness, dizziness, or fainting (Kenny et al. 2018). If the person experiencing
early levels of heat exhaustion is removed from the source of heat to rest and con-
sume water, they will recover completely with adequate care if they continue to rest
and drink water (Gauer and Meyers 2019). However, it is important to note that heat
exhaustion may progress rapidly to heat stroke unless rapid cooling is applied imme-
diately (Leon 2007; Leon and Bouchama 2011).

14.3.3.4 Heat Stroke

Heat stroke is the most severe form of HRI and is a life-threatening emergency.
There are two types of heat stroke: (1) “classical” heat stroke and (2) “exertional”
heat stroke.

Classical heat stroke generally occurs most frequently in the elderly or in young
children and is not generally associated with physical activity (Leon and Bouchama
2011). The incidence of classical heat stroke is usually associated with exposure to
prolonged environmental heat (e.g., heat waves). Exertional heat stroke occurs in the
young, fit population engaging in physical activity, often during periods of moderate
to high environmental heat (Leon and Bouchama 2011).

In general, heat stroke is diagnosed as a core body temperature of >104°F (40°C)
in combination with symptoms of neurological dysfunction, such as exhibited by
delirium (e.g., acute, reversible state of disorientation and confusion), coma, and sei-
zures (Leon and Bouchama 2011). Importantly, regardless of the type of heat stroke
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(classical or exertional), the presence of neurological symptoms (e.g., confusion, diz-
ziness, headache, syncope, seizures) is critical to the diagnosis of heat stroke.

The physiological injuries resulting from heat stroke often progress to organ sys-
tem damage and often multi-organ failure, leading to death. Long-term disability
from heat stroke is well documented (Leon and Bouchama 2011). Although the use
of rapid cooling may restore normal core body temperature, approximately 30% of
the victims of heat stroke experience poorly controlled core temperature, alterations
in the level of consciousness, disseminated intravascular coagulation (DIC), acute
respiratory distress syndrome (ARDS), organ system dysfunction often leading to
multi-organ failure and inflammatory effects (Leon and Bouchama 2011). Although
the victim survives the acute phase of heat stroke, they may suffer multi-organ sys-
tem damage (e.g., liver, kidney, muscle dysfunction), neurological damage, reduced
exercise capacity, heat intolerance that may last for months to years, and death may
ensue at a later date due to these ongoing issues (Leon 2007; Leon and Bouchama
2011; DeGroot et al. 2022).

14.3.3.5 First Aid

It is important to learn the symptoms of heat-related illnesses and the associated
first aid. First aid is important even when help (e.g., emergency medical services) is
on the way, as cooling the victim quickly may prevent long-term health effects and
death. Additional information is provided in Table 14.1 (adapted from NIOSH 2016).

14.3.3.6 Heat-Related Injuries

Along with HRIs, heat can also cause physical injuries such as incidents from sweaty
palms or slipping on a sweat puddle on the floor, visual impairment from fogged-up
safety glasses may be a concern, and touching hot equipment, which could result
in burns (NIOSH 2016). Dizziness and other symptoms may also cause workers to
neglect or forget safety protocols, resulting in potential traumatic injuries to them-
selves or others, such as experiencing falls from elevations or mishandling heavy
equipment (Spector et al. 2019). In conditions of extreme heat, workers may also
be more likely to loosen or remove PPE, which may lead to additional hazardous
exposures.

14.4 RISK FACTORS FOR HEAT-RELATED ILLNESS

14.4.1 ENVIRONMENTAL VERSUS INDIVIDUAL FACTORS

Many factors can increase the risk of HRI, including environmental and individual
factors. Environmental factors may include direct sun exposure, high temperatures,
humidity, lack of breeze or ventilation, and radiant heat sources (e.g., equipment
generating heat) (NIOSH 2016). Individual factors may include the level of accli-
matization, clothing and PPE, level of physical exertion, level of hydration, physical
condition, medications, advanced age, pregnancy, and having experienced a previous
HRI (NIOSH 2016).
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TABLE 14.1

Heat-Related Illnesses and First Aid

Type of Heat-Related IlIness

Heat Rash

Symptoms:

o Clusters of red bumps on the skin, often
appearing on the neck, upper chest, groin,
under the breasts, and in elbow creases

Heat Cramps

Symptoms:

e Muscle pain or spasms, usually in the
abdomen, arms, or legs

Heat Exhaustion
Symptoms:

o Headache

e Dizziness

e Heavy sweating

e Nausea

e Weakness

o Elevated temperature
o Irritability

e Thirst

e Decreased urine output

Heat Stroke

Symptoms:

e Confusion, altered mental status, slurred
speech

e Loss of consciousness

e Red, hot, dry skin or profuse sweating

e Seizures

e Very high body temperature

First Aid

e Try to work in a cooler, less humid environment
when possible.

o Keep the affected area dry.

e Powder may be applied to increase comfort.

e Do not use ointment or creams.

e Rest in a shady, cool area.

e Drink water and have snacks and/or sports drinks
every 15-20 minutes.

e Do not use salt tablets.

e Wait a few hours before returning to heavy work.

e Seek medical care if the worker has heart
problems, is on a low-sodium diet, or if cramps do
not subside within one hour.

o Stay with the worker until help arrives.

e Move to a cool area and give liquids.

e Encourage frequent sips of liquids.

e Remove unnecessary clothing.

e Cool body with cold compresses or wash their
head, face, and neck with cold water.

o If the condition continues to worsen despite
hydration and cooling efforts, take to an
emergency room for medical evaluation or call
911!

o MEDICAL EMERGENCY: Call 911!

o Stay the with worker until help arrives.

e Remove outer clothing.

e Cool quickly with a cold water or ice bath; wet the
skin, or soak clothing in cool water.

e Place cold, wet cloths or ice on the head, neck,
armpits, and groin.

e Fan air around the worker.

14.4.2 ACCLIMATIZATION

Workers lacking recent exposure to heat in the work environment are considered
unacclimatized. Unacclimatized workers readily show signs of heat stress and have
trouble replacing all the water lost in sweat (NIOSH 2016). Published studies have
shown that unacclimatized workers are at a significantly higher risk of HRI, includ-
ing dying from heat stroke in the first week on a new job (Day and Grimshaw 2005;
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Jackson and Rosenberg 2010; Arbury et al. 2014; Spector et al. 2014; Park et al. 2017,
Tustin et al. 2018; Heinzerling et al. 2020).

When a person is acclimatized to a hot environment, their body is better prepared
for the heat, and the resulting adaptations make it less likely they will experience an
HRI. The physiological adaptations that occur include increased sweating efficiency
(which includes earlier onset of sweating, greater sweat production, and reduced
electrolyte loss in sweat), stabilization of circulation, and the ability to perform work
with a lower core body temperature and heart rate (NIOSH 2016). An acclimatized
worker will also experience increased skin blood flow at a given core temperature,
providing additional relief as heat is released back into the environment. For proper
acclimatization, a worker needs to gradually be exposed to hot conditions over 7-14
days (NIOSH 2016). While both new and returning workers (i.e., those that have
been away for a week or more) will need time to acclimatize, a new worker will
likely need more time to acclimatize than a worker who was away (e.g., brief illness,
time off).

14.4.3 CLotHING AND PPE

The use of PPE occupationally represents the last line of defense against external
hazards (e.g., chemical, biological, and particulate exposures). In other words, PPE is
used only after other control options (substitution of hazard for non-hazard, adminis-
trative controls, or engineering controls) are deemed impractical or ineffective given
the occupational setting.

While PPE is crucial for protection against external hazards (e.g., chemical, bio-
logical, and particulate exposures), its use may present another set of hazards to
the wearer (McLellan et al. 2013; Williams 2013). This is particularly true when
the responder is wearing completely, or nearly completely, encapsulating PPE (e.g.,
firefighter turnout clothing, HAZMAT gear) that is potentially able to trap body heat
(Havenith 1999; McLellan et al. 2013; Williams 2013). In addition, the PPE may
encumber the wearer such that body motion is limited and additional physical exer-
tion is required to move while wearing the PPE (McLellan et al. 2013).

The degree to which PPE (or clothing) traps body heat depends on the design of the
PPE, which is dependent upon the nature of the hazards to which the worker will be
exposed. For example, firefighter turnout ensembles are constructed of multiple lay-
ers (including the outer shell, the moisture barrier, and the insulating thermal liner)
and may have various degrees of water vapor and air permeability that contribute to
the heat stress imposed by the garment (Morel et al. 2014). In addition, the multiple
layers add to the weight of the garment, which results in greater effort required by
the wearer. This effort is accompanied by an increased metabolic rate (heat genera-
tion) that contributes to the thermal stress imposed on the wearer (McLellan et al.
2013). Unlike firefighter turnout gear with its limited moisture and air permeability,
HAZMAT gear has essentially zero permeability because it is designed to com-
pletely isolate the wearer from a hazardous external environment (McLellan et al.
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2013, Williams 2013). Because of this impermeability, heat cannot be transferred
to the environment through any of the body’s mechanisms (e.g., sweat evaporation).

14.4.4 PHysicAL EXERTION

The level of physical exertion is also a risk factor. Even when at rest, muscles produce
about 20%—-25% of the body’s total heat (Rowell 1993). Heat produced by muscles
during physical exertion will be much higher. For those experiencing high levels of
physical exertion, metabolic heat will continue to increase, contributing to overall
heat stress.

14.4.5 Lever oF HYDRATION

The hydration status of the worker is a balance between fluid intake and loss. During
exposure to hot environments and during exercise, sweating can easily increase to
1.5-2.0 L per hour. This can result in a significant loss of body water that causes a
reduction in blood volume. This contraction reduces the ability of the cardiovascular
system to provide blood to the skin for heat transfer and oxygenated blood to vital
organs and muscles (Taylor et al., 2008). The sweating response is normally initiated
when the core body temperature increases 0.36°F—0.9°F (0.2°C-0.5°C) above the
mean body temperature (98.6°F [~37°C]) (Taylor et al. 2008). If the exercise level
increases, sweating will increase proportionately.

A well-acclimatized person may produce 0.3-3 L per hour or more of sweat dur-
ing hard work in a hot environment (Leon and Bouchama 2011; Périard et al. 2021).
Therefore, it is imperative that the supply of fluid lost to sweating be replaced by
drinking the right fluids (water in the short term and balanced electrolyte/carbohy-
drate fluids in the longer term) (ACSM 2018; Périard et al. 2021). A guideline for
rehydration involves measuring changes in body weight. Every 0.45 kg (15 fluid oz)
decrease in body weight represents 450 mL of body water lost to sweating, which
must be replaced with the ingestion of the same amount of fluid. A rehydration strat-
egy during exposure to heat and physical exertion will allow for the appropriate
replenishment of body water, which will allow for the continuation of the sweat-
ing response that is crucial to thermoregulation (e.g., one cup of water every 15-20
minutes or sports drinks with balanced electrolytes when sweating for several hours)
(NIOSH 2016).

In addition, sweat contains some sodium, and profuse sweating over a couple of
hours may result in significant sodium loss (Sawka and Montain 2000; ACSM 2018,
Périard et al. 2021). Low sodium in blood plasma results in the rapid movement of
fluid into the brain, leading to the development of symptoms ranging from mild
(headache, confusion, malaise, nausea) to severe (seizures, coma, pulmonary edema,
cardiac arrest, and death) (McArdle et al. 2010).

Generally, a person can lose approximately 2.7 kg (2.7 liters or 91.3 fluid oz) of
body weight in sweat and replenish the lost electrolytes with a small amount of salt
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in food (Sawka and Montain 2000; ACSM 2018). A loss of 2.7 kg of body weight
is equivalent to a loss of 2.7 L of sweat. This amount of sweat could be lost by an
acclimatized person in an hour of intense physical exertion (although this amount
may be affected by individual body weight). However, producing a greater volume
of sweat over more than two hours could result in a significant loss of sodium, which
could lead to hyponatremia (Sawka and Montain 2000; ACSM 2018; Périard et al.
2021). The hyponatremia would be worsened with the continued consumption of
plain drinking water during this time due to the further dilution of sodium in the
blood plasma. Hyponatremia may be avoided by increasing dietary sodium intake
after bouts of sweating and/or the use of balanced electrolyte/carbohydrate-contain-
ing “sports” drinks during bouts of intense sweating over a period of hours (Sawka
and Montain 2000; ACSM 2018; Périard et al. 2021). Given that the daily average
sodium intake in the US diet is 2-4 grams (National Research Council 1989), simply
eating a normal meal contains enough sodium to adequately replenish the sodium
lost during sweating.

14.4.6 PHysicAL CONDITION AND HEALTH PROBLEMS

A person’s physical condition may influence susceptibility or resistance to heat
stress. Acute illness (vomiting, diarrhea) may cause sufficient loss of body water
to leave the person significantly dehydrated. The discomfort of these illnesses may
cause the victim to be disinclined to rehydrate immediately, thus leaving them more
vulnerable to heat illness.

Another physical condition to consider is the responder’s degree of physical fit-
ness, as frequent physical exercise provides at least partial acclimatization to heat
exposure. Physical exercise results in elevated metabolic heat production from mus-
cle activity. This metabolically produced heat must be exchanged with the envi-
ronment using the physiological mechanisms discussed previously. Regular exercise
induces several physiological adaptations to transfer heat more efficiently from the
body to the environment. This may involve increased sweat production, induction
of sweating at a lower body temperature, increased blood flow to the skin for heat
exchange, reduction of blood flow to the viscera, and conservation of body electro-
lytes to prevent sodium depletion. All of these adaptations (acclimatization) help
increase heat transfer to the environment to prevent an increase in body core tem-
perature and reduce the possibility of HRI or injury. Conversely, a physically unfit
person will be more vulnerable to HRI because these physiological adaptations to
increased metabolic heat production have not been induced (Parsons 2003; McArdle
et al. 2010; NIOSH 2016).

A responder’s physical condition may also affect their risk for an HRI. For an
overweight or obese worker, carrying extra body weight requires greater physical
exertion to perform a given task (Kenny et al. 2010). The body’s surface-to-body-
weight ratio is also less favorable for heat dissipation, and the increased fat layers
provide insulation and slow heat loss (NIOSH 2016). There may be other conditions



268 Handbook of Emergency Response

associated with obesity that affect risk, such as lower physical fitness, decreased
maximum work capacity, and decreased cardiovascular capacity.

Other health conditions that may increase the risk for an HRI include cardio-
vascular disease, diabetes, or any diseases in which gastrointestinal permeability
is compromised (NIOSH 2016). Even seemingly more minor health concerns, like
experiencing a common cold, febrile illness, and sleep deprivation or fatigue, may
increase risk (Westwood et al. 2021).

14.4.7 MEDICATIONS

Medications can contribute to heat sensitivity in many ways, such as reduced thirst
sensation, interference with central thermoregulation, impaired sweating, hypoten-
sion, reduced cardiac output, reduced kidney blood flow, reduced blood vessel dila-
tion, drug toxicity from reduced clearance of medications, and electrolyte imbalance
(CDC 2024). In addition, heat exposure may damage medication delivery devices
and may degrade medications. For example, inhalers can burst in hot environments,
and EpiPens may malfunction or deliver less epinephrine when exposed to heat.
Insulin may become less effective if left in the heat instead of being stored in a
refrigerator.

This list of medications in Table 14.2 (adapted from CDC 2024), which increase
the vulnerability to heat, is intended to augment other existing documents that
describe the physical, physiological, and general health aspects of heat stress and
response to heat stress. The medications in Table 14.2 are largely prescribed for the
appropriate treatment of medical conditions. Workers can consult their healthcare
providers to have a medication plan in place with consideration for working in the
heat and to avoid abruptly stopping any medications.

14.4.8 AbvaNceD AGE (WORKERS 65 YEARS AND OLDER)

Older workers (within this heat stress context, older workers are defined as those
>65 years of age) have increased vulnerabilities to HRIs and injuries not generally
associated with physical exertion (Leon and Bouchama 2011). The incidence of heat
injury in this group usually is associated with exposure to prolonged environmental
heat (most notably during severe heat waves). The increased vulnerability that older
workers have to heat is associated with a greater incidence of cardiovascular disease
(Leon and Bouchama 2011); a reduced sweat gland response; decreased skin blood
flow; use of medications (e.g., diuretics, f-blockers, calcium channel blockers, laxa-
tives) which reduce tolerance to heat and may compromise a number of the physi-
ological mechanisms needed for heat transfer from the body to the environment;
chronic illness; and a sedentary lifestyle (Leon and Bouchama 2011; NIOSH 2016).

14.4.9 PREGNANCY

Pregnant people may also be at higher risk when working in the heat because as the
pregnancy progresses, heat tolerance decreases (NIOSH 2016; Rekha et al. 2024).
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Those who are pregnant will also need to take additional time to cool down and rehy-
drate more often. Normally, a pregnant person’s circulation helps protect the fetus.
In very hot work environments, however, a pregnant person’s core body temperature
may rise, and in some cases, this has been linked to birth defects and other reproduc-
tive problems (Ravanelli et al. 2019; Syed et al. 2022).

14.4.10 Previous HEAT-RELATED ILLNESS

Responders who have experienced a previous HRI are more likely to experience
one again as they may be less tolerant to the heat (Armstrong et al. 1990; Day and
Grimshaw 2005). For responders returning to hot activities after an HRI, additional
precautions are needed, such as time to acclimatize and adjusting their schedule to
reduce time in the heat or physical exertion. These responders may also need addi-
tional monitoring throughout the shift to ensure they are not showing symptoms of
an HRIL

14.5 HEAT STRESS AND TOXICOLOGY

Exposure to heat can affect how chemicals are absorbed into the body. Previously
published animal studies have shown that exposure to heat exacerbates chemical
absorption and toxicity (Leon 2008). Changes to the body’s core temperature can
alter the absorption, distribution, metabolism, and excretion of toxicants (Leon
2008). Additionally, increases in respiration can lead to further toxicant exposure
through inhalation, whereas increases in sweat and skin blood flow can lead to more
efficient transcutaneous absorption of some toxicants (Gordon 2003; Leon 2008).

Studies have suggested that heat stress, with or without physical exertion, will
activate skin blood flow, sweating, and respiration, which may then accelerate chemi-
cal absorption (Gordon and Leon 2005). The hazard associated with some pesticides
or other chemicals increases with increased temperatures. High temperatures accel-
erate the dispersion of the chemicals and increase the density of airborne particles.
Additionally, some workers may remove or loosen their PPE due to discomfort in the
heat, and this may increase their exposure to these hazards (Gordon 2003).

Most of what is known about toxicants is derived from animal studies in which
the animals were often kept in comfortable temperatures. Therefore, a better under-
standing of the mechanisms involved between heat exposure and toxicants in humans
is needed (Gordon 2003; Gordon and Leon 2005; Leon 2008).

14.6 TRAINING AND EDUCATIONAL NEEDS

Worksite training programs should be implemented for all responders and supervi-
sors when there is a likelihood of HRI (NIOSH 2016). Training should include heat
hazards, risk factors, symptoms, and first aid. Heat stroke is an important topic to
discuss because the characteristics of the individual, type of activity, and symptoms
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vary between the classic and exertional classifications, and the end result, if not
treated emergently, is often death (DOD 2003; NIOSH 2016). Medications, alcohol,
and caffeine that may reduce heat tolerance and increase risk should also be pre-
sented in training (NIOSH 2016). Refresher training may also be warranted, espe-
cially regarding symptoms, as some of the common public health messaging focuses
on classic heat stroke, and those working in the heat are at higher risk for exertional
heat stroke (DOD 2003, Armstrong et al. 2007; Navy Environmental Health Center
2007). In addition, there may need to be discussions about cultural attitudes toward
heat stress. For example, some individuals might incorrectly believe that they can be
“hardened” against the requirement for fluids by deliberately and regularly becom-
ing dehydrated before work. This type of misinformation can be addressed (NIOSH
2016; Schwarz et al. 2016).

14.6.1 CONTROLLING HEAT STRESS

Finally, considerations for how to reduce heat stress by implementing the hierarchy
of controls, including engineering controls or work practice controls, can be shared,
particularly during supervisor training.

These considerations should be written in a heat management plan and might
include those that aim to increase air cooling, provide heat barriers, limit time in the
heat or increase recovery time in a cool area, reduce the metabolic demands, institute
a heat acclimatization plan, implement a buddy system and/or heat alert program,
provide and encourage hydration breaks, and, in certain situations, require workers
to conduct self-monitoring (NIOSH 2016). Also, as many responders find themselves
experiencing significant heat strain from the environment, tasks, and PPE worn,
consider implementing auxiliary cooling systems (e.g., water-cooled garments, air-
cooled garments, cooling vests, and wetted overgarments) (NIOSH 2020). Auxiliary
cooling may be used before (pre-cooling), during (concurrent cooling), or between
operations (recovery cooling during breaks or after shift completion). Additional
considerations include barriers to the use of auxiliary cooling, such as availability,
cost, logistics, and knowledge (Bach et al. 2018).

14.6.2 DELIVERING TRAINING AND EDUCATION

Consider the most effective mechanisms for delivering heat stress education and
training with the responder audience in mind. A heat-related training needs assess-
ment on oil spill cleanup responders found that the most common training delivery
methods and education received included just-in-time training and printed materials
(Jacklitsch et al. 2018). However, this study also reported that the most desirable
future training delivery methods and education products were smartphone or tablet
applications, printed materials, and online training. Taking time to seek out various
options may help identify the best tools available that will resonate with responders
and provide accurate and timely information.
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Disclaimer

The findings and conclusions in this report are those of the authors and do not
necessarily represent the official position of the National Institute for Occupational
Safety and Health, Centers for Disease Control and Prevention.
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