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ABSTRACT
Hundreds of undocumented migrants die each year trying to cross the US-Mexico border.
A conservative estimate by the US Border Patrol suggests that between 1998 and 2012 a total of
5,595 people perished in their journey toward America. The situation is particularly severe in the
Mexico-Arizona border area, where the bodies of 2,908 migrants were found between 2000 and
2015. Unsurprisingly, the leading cause of death in this desert frontier is exposure to the elements
(i.e. hypo- and hyperthermia). This honors thesis is a modest effort to understand and prevent
migrant deaths in southern Arizona. It consists of two parts: (I) a literature review that covers the
militarization of the US-Mexico border, migrant deaths in southern Arizona, human
thermoregulation, exertional heat illness (EHI), aspects of migrant material culture that increase
the risk of EHI, and hypothermia; (II) a poster and two information sheets designed to teach
Spanish-speaking migrants how to prevent and respond to hypothermia and EHI in the desert.
Materials like these could be delivered to migrant shelters in Mexico in a bid to reduce migrant
mortality during attempts to cross the border.
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INTRODUCTION
A grave humanitarian crisis is currently unfolding along the southern border of the United
States, as hundreds of undocumented migrants die each year trying to enter the country.[1] A
conservative estimate based on US Border Patrol (USBP) data and published by the National
Foundation for American Policy shows that between 1998 and 2012 a total of 5,595 people
perished in their journey toward America.[2] However, researchers at the University of Sussex and
the Center for Mathematical Research in Monterrey point out that USBP underestimates the
number of fatalities due to the “restrictive” criteria that they employ to classify migrant deaths and
their failure to take into account people who die in Mexico or whose remains are never recovered.
These researchers estimate that the actual number of deaths may exceed 7,000.[3] The situation is
particularly severe in the Mexico-Arizona border area, where the bodies of 2,908 migrants have
been found between 2000 and 2015.[4] According to University of Michigan anthropologist Jason
De León, these are enough people to fill up fifty-four Greyhound buses.[1] The leading cause of
death among undocumented migrants in the desert frontier of Arizona is, unsurprisingly, exposure
to the elements.[5]
This honors thesis is a modest effort to understand and prevent migrant deaths in southern
Arizona, with a focus on deaths due to environmental exposure (i.e. hypo- and hyperthermia). The
thesis consists of two parts. Part I is a literature review that covers the militarization of the USMexico border, migrant deaths in southern Arizona, human thermoregulation, hypothermia,
exertional heat illness, and aspects of migrant material culture that increase the risk of injury and
death due to environmental exposure. Part II contains a poster and two information sheets designed
to teach Spanish-speaking migrants how to prevent and respond to hypothermia and EHI in the
desert. Materials such as these could be delivered to migrant shelters in Mexico in a bid to reduce
migrant mortality during attempts to cross the border. This work is grounded on the principle that
while a safe and secure American border is desirable, it should not come at the intolerable human
cost described above.
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LITERATURE REVIEW
I. PREVENTION THROUGH DETERRENCE AND MIGRANT MORTALITY
Up to the early 1990s the enforcement of the US-Mexico border consisted mainly of
capturing people after entering the country illegally and then offering them the opportunity of a
“voluntary departure;” they could return to Mexico without facing any lengthy detentions simply
by waiving their right to a deportation hearing. This process was so inconsequential that people
became unafraid of repeated apprehensions, rendering the entire system ineffective by encouraging
re-entries.[1] This led to an aggressive change in policy, starting in El Paso, Texas. In El Paso, a
Latino-majority city conjoined with Juárez, Mexico, Border Patrol had become the target of
lawsuits and complaints related to racial profiling, harassment of citizens, and the chasing of
unauthorized border crossers inside the city. Silvestre Reyes, then the newly appointed chief of the
USBP El Paso Sector, responded by launching Operation Blockade on September 13, 1993. Four
hundred Border Patrol agents, supported by low-flying surveillance helicopters, were stationed
along the Rio Grande, establishing a formidable and highly visible blockade right at the core of
the Juarez-El Paso metro area. The operation did not stop people from crossing the border illegally,
but it did force them to cross through peripheral, largely depopulated areas away from the eyes of
the public. This appeased El Pasoans and thus constituted a significant political victory for what
would become the foundation of modern border policing.[1]
In 1994, inspired by Operation Blockade, Border Patrol began implementing “prevention
through deterrence” (PTD), a strategy designed in collaboration with the Department of Defense
Center for Low Intensity Conflict.[6] PTD consists of deploying “a decisive number of enforcement
resources” (i.e. personnel, infrastructure, and technology) at the main points of unauthorized entry
to the United States.[6] In 1994, these were the urban centers that straddle the border and which
offer accessibility to the interior of the United States,[6] such as the San Diego-Tijuana and JuárezEl Paso metropolitan areas. By reinforcing the border control apparatus in the cities, Border Patrol
aimed to increase the apprehension rate of undocumented migrants to the point where others would
be either deterred to enter the country illegally or forced to come in through “more hostile terrain,
less suited for crossing and more suited for enforcement,”[6] such as the Rio Grande Valley and
the Sonoran Desert. While they predicted that “the most desperate of those aliens seeking entry
[would] attempt illegal entry,” Border Patrol expected the number of unauthorized migrants
attempting to cross the border and the rate of recidivism to ultimately decrease as the “cost” of the
journey increased.[6] This “cost” was projected to be both financial (coyotes, or smugglers, were
expected to increase their fees as crossings became more difficult) and corporal, in the form of
“more violence at attempted entries.”[6]
On paper, PTD seems like an effective and efficient strategy: focus on sealing the cities
and let geography deter people from going around them. However, just as it happened in El Paso
in 1993, the recent fortification of other urban centers along the border has not stopped, but simply
rerouted, undocumented migrants. This problem has been officially acknowledged since at least
2001, when the Government Accountability Office (GAO) reported that “rather than being
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deterred from attempting illegal entry, many aliens have risked injury and death by trying to cross
through mountains, deserts, and rivers.”[1] As Border Patrol secured the urban areas of southern
California (Operation Gatekeeper, 1994), Texas (Operation Rio Grande, 1997), and Arizona
(Operation Safeguard, 1994 and 1999),[1] the flow of migrants was largely funneled into the
Tucson Sector, causing the apprehension rate there to skyrocket from 8% of total apprehensions
in the southern border in 1993 to a staggering 37% in 2000, even as the overall apprehension rate
for the southern border as a whole remained relatively constant.[1] The Tucson Sector became the
primary site for illicit entry to the United States, a title which it retained until 2013, when the Rio
Grande Valley surpassed its number of migrant apprehension. That year, 150,000 migrants were
arrested in the Rio Grande Valley (a 58% increase compared to the previous year), whereas only
120,000 were arrested in Tucson, as reported by the Washington Office on Latin America.[7]
The deliberate funneling of undocumented migrants to inhospitable areas of the border has
been accompanied by a spike in migrant deaths. In 2012 the GAO reported data from the
Department of Homeland Security showing that migrant deaths had climbed from a low of 171 in
1994 to 492 in 2005, followed by an average of 431 deaths per year between 2005 and 2009 and
then an average of 360 per year from 2010 to 2011. The GAO also notes that this “increase in
deaths is particularly noteworthy in light of the declining number of alien apprehensions (i.e.
estimated unauthorized entries) during the same period,” which is regarded as “evidence that
border crossings have become more hazardous since the ‘prevention through deterrence’ policy
went into effect in the 1990s.”[1] Furthermore, in 2006 researchers at the Binational Migration
Institute, which is part of the University of Arizona’s Mexican-American Studies and Research
Center, performed a statistical analysis of all the undocumented migrant deaths examined by the
Pima County Office of the Medical Examiner between 1990 and 2005.[8] As part of their report,
submitted to the Pima County Board of Supervisors, the investigators describe the link between
the funneling of migrants to inhospitable regions of the border and the increase in migrant deaths
not merely as correlational, but as causal.[8]
II. MIGRANT DEATHS IN SOUTHERN ARIZONA
Arizona is the deadliest segment of the US-Mexico border.[9] There, migrant fatalities for
the past fifteen fiscal years have ranged from 122 in 2013-14 to 282 in 2004-2005, with an average
of approximately 194 deaths per year. This puts the total death toll at around 2,908 people since
2000. Note, however, that this figure is based only on recovered remains,[4] and should therefore
be regarded as an underestimate of the actual death toll. The responsibility of processing these
deaths has fallen primarily on the shoulders of the Pima County Office of the Medical Examiner
(PCOME) in Tucson, Arizona. Between 1990 and 2012, the PCOME examined the remains of
2,238 undocumented migrants,[10] including over 95% of all migrant remains found in Arizona
from 2003 onward.[10] Of these 2,238 individuals, 46% died from exposure to the elements[10] due
to either hyperthermia or hypothermia (often coupled with dehydration).[10] However, the cause of
death remains undetermined for an additional 36% of the cases[10] because bodies are often found
in an advanced state of decomposition and often there is too little evidence for the medical
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examiner to work with.[10] According to the Binational Migration Institute, it is “likely” that “a
large percentage” of these people also died due to exposure, especially considering that many of
their remains were found in remote areas of the desert.[10] This means that exposure could have
been responsible for anywhere between 46% and 82% of the 2,238 migrant deaths examined by
the PCOME. Whether one takes the lowest or highest figure in this range, the fact remains that
exposure was the leading cause of migrant deaths in Arizona between 1998 and 2012, well ahead
of motor vehicle accidents (9%), homicide (4%), and miscellaneous causes like drowning, suicide,
envenomation, overdose, and natural causes, among others (4%).[10]
This should come as little surprise to those familiar with the geography and climate of
southern Arizona. The region is dominated by the unforgiving Sonoran Desert, which covers
roughly 100,000 square miles from southeastern California and southwestern Arizona in the north
to Sonora and Baja California in the south (Figure 1A). Most of the Mexico-Arizona border falls
within this vast area[11] of mostly uninhabited and remote wilderness.[5] It should also be mentioned
that the northern portion of the Chihuahuan Desert stretches into southeastern Arizona, but
compared to the Sonoran Desert it only occupies a small stretch of the border with Mexico[11]
(Figure 1B) where relatively few migrants die[10] (Figure 2). Therefore, the Chihuahuan Desert is
of relatively little interest to this discussion.

A

B

Figure 1: (A) Area covered by the Sonoran Desert. (B) Location of the Sonoran Desert in relation to the other
major deserts of the southwestern US and northwestern Mexico, including the Chihuahuan Desert. Together, (A)
and (B) show that the border city of Nogales sits at the transition area between the Sonoran and Chihuahuan
deserts. Source: Arizona-Sonora Desert Museum (2007).
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Figure 2: Migrant deaths recorded between 1999 and 2012. Many more deaths occur west of Nogales (in the
Sonoran Desert) than east of it (in the Chihuahuan Desert). Source: Martínez et al. (2012).

Migrants who venture into the Sonoran Desert face a harsh and treacherous environment.
The desert has a range and basin topography with roughly parallel mountain ranges separated by
broad valleys.[12] In this rugged landscape the elevation ranges from below sea level to 3,500
feet,[11] which makes for an irregular and physically arduous journey for border crossers.
Additionally, temperatures range from one extreme to the other. In the summer “air temperatures
routinely exceed 40°C…and often reach 48°C”,[12] while in the winter temperatures can drop
below freezing.[13] Regardless of the season, however, diurnal swings of up to 15 (°C) are
common.[12] Altogether, this puts migrants in the desert at risk of either hypothermia or
hyperthermia depending on the season and time of day. Lastly, except for the low-intensity winter
rains and the violent thunderstorms of the summer monsoon season[12] ─when there is risk of flash
flooding[14]─, precipitation is scarce in the Sonoran Desert for much of the year (Table 1).[13] This
makes water a rare resource in the region and creates a significant risk of dehydration for migrants
who do not carry enough water with them.
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Table 1: Climatological Profile of the Sonoran Desert
Average Temperatures
Relative Humidity
Rainfall
Month
(mm)
Daily High (°C)
Daily Low (°C)
5:00 AM (%)
5:00 PM (%)
17.8
3.3
62
32
21.8
January
19.7
4.6
59
27
16
February
22.2
6.6
53
23
18
March
26.9
10.1
42
16
7.9
April
31.6
14.1
34
13
3.8
May
36.9
19.6
32
13
6.1
June
36.9
23.1
57
28
64.5
July
35.7
22.2
65
33
51.6
August
34.2
19.6
55
27
34
September
28.9
13.6
53
25
20.1
October
22.5
7.2
54
28
15
November
18.3
3.9
61
34
23.9
December
Typical temperatures, humidity, and rainfall in the Sonoran Desert by month. Source: Arizona-Sonora Desert
Museum (2016).

III. HUMAN THERMOREGULATION
Human beings are endothermic homeotherms, meaning that they produce heat internally
to maintain a stable body temperature of approximately 37ºC at rest. While body temperature is
not absolutely constant, confining its fluctuations to a very narrow range is critical to maintaining
homeostasis and ensuring survival. In fact, deviations of only +3.5ºC can produce physiological
malfunction and even death. More specifically, an excessive increase in body temperature
(hyperthermia) can result in impairment of the central nervous system, systemic inflammation,
tissue necrosis, and multiple organ dysfunction syndrome (previously dubbed “multiple organ
failure”). On the other hand, an excessive decrease in body temperature (hypothermia) can cause
muscle damage, pulmonary edema, hypotension, bradycardia, and renal failure by impairing the
respiratory, cardiovascular, and central nervous systems. [15] At the cellular level, these problems
arise from reductions in enzyme efficiency and alterations in membrane permeability and fluidity,
which cripple vital cellular functions.[16]
In order to maintain temperature homeostasis, a region of the brain known as the
hypothalamus regulates body temperature to keep it within +1ºC of the resting value throughout
each 24 hour cycle.[15] The hypothalamus receives input from parallel sensory pathways
originating from thermoreceptors in the skin. When warm or cool receptors are stimulated, they
activate their corresponding first order sensory neurons in the dorsal root ganglia (DRG) of the
spinal cord, which in turn stimulate second order sensory neurons in the dorsal horn (DH). Here,
the flow of information splits, with the dorsal horn neurons stimulating both the thalamus and the
lateral parabrachial nucleus (LPB). Signals sent to the thalamus are relayed to the primary
somatosensory cortex, which enables the individual to perceive and discriminate his or her
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cutaneous temperature but does not influence involuntary thermoregulatory mechanisms. The
latter is the function of the signals sent to the LPB. Cool thermosensory signals arrive at the
external lateral subnucleus of the LPB (LPBel), while warm signals are directed to the dorsal LPB
(LPBd). At the LPBel, glutamate-activated third order sensory neurons fire, releasing glutamate to
activate interneurons in the median preoptic subnucleus (MnPO) of the preoptic area (POA) in the
hypothalamus. These interneurons then release GABA, which inhibits warm-sensitive neurons in
the medial preoptic subnucleus (MPO). Similarly, glutamate-activated third order sensory neurons
at the LPBd also release glutamate onto interneurons in the MnPO. However, instead of GABA
these interneurons release more glutamate, which stimulates the MPO’s warm-sensitive neurons.
In summary, cool stimuli result in the GABA-mediated inhibition of warm-sensitive neurons,
while warm stimuli lead to the glutamate-mediated activation of warm-sensitive neurons.[16]
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Figure 3: Warm-sensitive neurons (W) are activated by glutamate and inhibited by GABA in response to
changes in body temperature, as shown in Graph 1 (FR = “firing rate;” temperature is expressed in degrees
Celsius). On the other hand, temperature-insensitive neurons (I) maintain a relatively steady firing rate regardless
of temperature, as demonstrated in Graph 2. When heat loss effector neurons (w) receive more stimulation from
warm-sensitive neurons than inhibition from temperature-insensitive neurons (Graph 3) the body loses heat
(Graph 5). Similarly, when heat production effector neurons (c) receive more inhibition from warm-sensitive
neurons than stimulation from temperature-insensitive neurons (Graph 3) the body produces less heat (Graph 6).
Figure adapted from Boulant (2006).
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The basic function of warm-sensitive neurons is to stimulate heat loss mechanisms while
inhibiting heat production mechanisms. The opposite ─inhibition of heat loss and promotion of
heat production─ is signaled by a group of temperature-insensitive neurons, whose firing rates are
roughly constant regardless of temperature. Therefore, when cold stress shuts down warmsensitive neurons the body can warm up due to the unopposed signaling from the temperatureinsensitive neurons. On the other hand, when challenged by heat stress the body can cool down
due to the activation of warm-sensitive neurons, whose signaling overrides that of the temperatureinsensitive neurons (Figure 3).[17]
Outside the nervous system, regulation of body temperature is accomplished by balancing
the production, absorption, and release of heat.[15] To begin to understand this, it is necessary to
distinguish between the two components of human body temperature: core temperature and shell
temperature. The former is the temperature of the abdominal, thoracic, and cranial cavities, and is
best represented by the temperature of blood in the pulmonary artery. The latter is the temperature
of more superficial structures like the skin, subcutaneous tissue, and muscle. Each component is
regulated differently. The core temperature is endothermic, and the hypothalamus keeps it steady
at around 36.8ºC during rest. In contrast, the shell temperature is ectothermic and fluctuates
depending on skin blood flow and environmental conditions. In order to maintain thermal balance,
the body exploits the variability of the shell temperature to maintain the constancy of the core
temperature. To cope with heat stress, for example, the body increases blood flow to the skin, thus
raising the shell temperature and allowing excess heat to dissipate into the environment. On other
hand, the body responds to cold stress by reducing skin blood flow, thus decreasing the shell
temperature and minimizing heat loss.[15]
The body and the external environment exchange heat through four basic mechanisms:
conduction, convection, radiation, and evaporation.[15] Conduction is heat transfer through direct
contact between the body and an object at a different temperature, and is exemplified by the use
of cold packs to manage fever. Convection is heat transfer from the body to a surrounding fluid
(such as air or water), and its effectiveness is influenced by whether the fluid is circulating, by the
speed of circulation, and by the amount of body surface area that is exposed to the fluid. Radiation
is the emission of thermal waves, which is independent from interactions with fluids or other
objects.[18] These three mechanisms are bidirectional, meaning that heat can transfer from the body
to the environment or vice versa depending on the temperature gradient between the skin and the
surroundings.[15] Therefore, at ambient temperatures higher than the shell temperature conduction,
convection, and radiation are not effective at cooling the body.[18] The last and most important
mechanism is evaporation of water from the skin (in sweat) and the respiratory tract.[18]
Evaporation is unique in that it is unidirectional, as it transfers heat exclusively from the skin to
the environment. Its role in thermoregulation becomes particularly important during exercise,
when it accounts for over 80% of all heat dissipated from the body. The effectiveness of
evaporative heat loss is governed by the environmental temperature and humidity. High
temperatures promote a high output of sweat (about one liter per hour for individuals exercising in
hot conditions) and its evaporation.[15] However, high humidity (75% relative or more[18]) impairs
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evaporation, such that people exercising in hot, moist environments lose fluid through sweat but
dissipate little heat.[15] Putting all this together, one can conclude that in the hot, dry Sonoran
Desert, conduction, convection, and radiation contribute little to the dissipation of body heat, but
the efficiency of evaporation is optimized. Nevertheless, prolonged sweating without appropriate
fluid replacement ultimately leads to dehydration, which greatly contributes to hyperthermia, as
will be explained in the next section.
Going back to the topic of cold stress, the human body does not only use cutaneous
vasoconstriction to minimize heat loss, but also engages other, more energetically expensive
mechanisms to actually produce internal heat. These include shivering thermogenesis in skeletal
muscle and nonshivering thermogenesis in cardiac muscle and brown adipose tissue (BAT).
Adipocytes in BAT are rich in mitochondria, which enables them to generate substantial heat
through large proton leak channels across their inner mitochondrial membranes (facilitated by a
high expression of uncoupling protein-1). BAT thermogenesis is fundamentally different than
cardiac and shivering thermogenesis in that generating heat is the primary function of the tissue
involved. On the other hand, cardiac and skeletal muscle are primarily meant to circulate blood
and produce movement, respectively. In these tissues, heat is generated merely as a waste product
of ATP production and consumption during contraction.[16] Lastly, it should be noted that each of
the body’s warming mechanisms (as well as each of its cooling mechanisms) has a set temperature
at which it is engaged, so as to tailor responses to the environmental challenge at hand.[17]
IV. EXERTIONAL HEAT ILLNESS
Exercise presents a significant challenge to thermoregulation because it causes metabolic
heat production to increase ten- to twenty-fold. Less than 30% of this heat is converted to
mechanical energy, leaving the other 70% as excess that must be released by the body to avoid
overheating.[15] If the body’s heat loss mechanisms fail to keep pace with the production of
metabolic heat, heat begins to accumulate in the body, leading to an increase in temperature. The
longer and more intense the exercise is, the more metabolic heat is generated and accumulated.[15]
At first, a small increase in body temperature is good for the body because it optimizes the
mobilization of cooling mechanisms. If the heat stress is compensable, the body reaches a new
steady-state around this mildly elevated temperature, which is proportional to the increased
metabolic rate and available avenues of heat loss. However, if too much heat accumulates the heat
stress becomes uncompensable and the body loses its ability to maintain a steady temperature. If
the exercise continues under conditions of uncompensable heat stress, more and more heat is
retained, the temperature keeps rising, and the risk of suffering an exertional heat illness (EHI)
mounts.[18]
Many risk factors contribute to EHI, including individual characteristics, environmental
conditions, drugs, and chronic diseases (Table 2). For example, having a history of previous heat
illness is the single greatest risk factor for suffering EHI in the future.[18] Additionally, exposure
to hot ambient temperatures also increases the risk of EHI by contributing to a high body
temperature,[18] although it should be noted that if one exercises intensely enough then the resulting
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metabolic heat is capable of causing EHI all by itself, even at ambient temperatures lower than
20ºC.[15] Lastly, dehydration plays a significant role in the development of EHI. Excess metabolic
heat originates in skeletal muscle and is absorbed by the blood for transportation to the skin, where
it is dissipated. However, as the body produces more and more sweat, the plasma volume
decreases. This means that over time there is progressively less blood available to transport heat
from the core to the periphery of the body. The effect is significant: for every 1% of body mass
lost due to dehydration, the core temperature increases by approximately 0.21ºC.[18]
Table 2: Risk Factors for Exertional Heat Illness
Type of Risk Factor

Specific Risk Factors

Previous history of EHI
Age (children and older adults)
Obesity
Individual
Low fitness level
Lack of heat acclimatization
Dehydration
High ambient temperature
High humidity
Environmental
Lack of air flow
Lack of shelter/shade
Alcohol
Amphetamine
Anticholinergics
Antidepressants
Antihistamines
Antipsychotics
Benzodiazepines
Beta blockers
Medications and Drug Use
Calcium channel blockers
Diuretics
Laxatives
Neuroleptics
Phenothiazines
Thyroid agonists
Febrile illness
Viral infection
Skin disorders (e.g. sun burns)
Chronic Conditions
Cardiovascular disease
Sickle cell trait
Diabetes mellitus
Malignant hyperthermia
Factors that increase the risk of suffering exertional heat illness. Source: Pryor et al. (2015).
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Exertional heat illnesses vary widely in their degree of severity, symptoms, and first aid
measures. In the most benign of cases, people may experience heat rash, heat edema, or heat
cramps. The first of these conditions, heat rash, is irritation of the skin caused by excessive
sweating. It manifests itself as a red cluster of pimples or small blisters, most frequently in the
neck and upper chest, the groins, elbow creases, and the folds under the breasts. Heat rash is easily
treated by avoiding heat and humidity and keeping the affected area dry. Dusting powder may also
be applied to the rash to reduce discomfort.[19] The second condition, heat edema, is swelling of
the limbs due to peripheral vasodilation and pooling of fluid in the interstitial space.[18] In general,
treatment options for edema include massaging the affected areas, resting with the affected limbs
elevated above the level of the heart level, and applying compression bandages or pressure sleeves
over the swollen extremities, all with the aim of promoting reabsorption of fluid into the
circulation.[20] The third condition, heat cramps, consists of painful, involuntary muscle spasms
resulting from a large loss of salts through excessive perspiration. The spasms are often
accompanied by heavy perspiration and weakness or lightheadedness. First aid measures for heat
cramps include resting the victim in a cool, shaded area, administering electrolytes (or water, if
electrolytes are not available), pouring water on the individual, applying cold compresses to the
neck, armpits, and/or groins, covering the person in wet cloths (ideally in an area with good airflow
to promote evaporation), and massaging the cramped muscles. Heat cramps are typically the first
sign of heat illness, and unless proper cooling and rehydration measures are taken they may be
quickly followed by graver problems.[21]
More serious forms of EHI include heat syncope and heat exhaustion. Heat syncope occurs
when blood pools in the lower extremities (usually after halting exercise suddenly), leading to a
transient loss of consciousness.[18] Symptoms include dizziness, lightheadedness, and, ultimately,
fainting. To avoid actually losing consciousness, an individual showing the first symptoms of heat
syncope (dizziness and lightheadedness) should sit or lie down in a cool place and drink fluids.[19]
On the other hand, heat exhaustion occurs when the combination of heat stress and impaired heat
dissipation due to low central blood volume culminate in an inability to continue exercising.[18]
This moderate form of heat illness is characterized by heavy perspiration, severe thirst,
lightheadedness, nausea, dilated pupils, red or pale, cool, moist skin, and fast, weak pulse.[22][23]
Many interventions can be implemented to help a sufferer of heat exhaustion: having the person
rest, with their legs slightly elevated, in a shaded, cool area, loosening or removing the individual’s
clothes, administering electrolytes or at least water (but never caffeine or alcohol), pouring water
on the patient, covering the person in wet cloths in a well-ventilated area, and applying cold
compresses to the neck, armpits, and/or groins. The patient’s temperature should be monitored and
first aid should continue until it drops at least to 100ºF (37.8ºC). Treatment may stop at this point,
but to ensure that the temperature stays down one must continue measuring it approximately every
half hour for an additional three to four hours.[22] In cases where the patient experiences substantial
vomiting, one should seek medical attention immediately.[23]
Lastly, the most severe form of exertional heat illness is exertional heat stroke. This lifethreatening condition is characterized by extreme hyperthermia, thermoregulatory failure, and
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profound dysfunction of the central nervous system.[18] The patient exhibits a body temperature
greater than 102ºF (38.9ºC), red, hot dry or moist skin, a lack of sweating, constricted pupils, rapid
pulse, rapid, shallow breathing, extreme confusion or irritability, weakness, seizure, and possibly
unconsciousness.[24][23] It is crucial to seek emergency medical care immediately. First aid
measures are mostly the same as for heat exhaustion: rest in a cool, shaded area with the legs
slightly elevated, loosening or removing clothes, wet cloths, and cold compresses. There is
disagreement in the literature over whether to administer fluids, with the CDC recommending
against doing so.[24][23]
Fortunately, “the majority of EHI can be prevented with education, preparation, and
purposeful adjustment to hot conditions.”[18] The single most important measure to prevent EHI is
acclimatization, which is the process by which the body improves its response and tolerance of
heat stress. Achieving full acclimatization is challenging because it requires 10-14 days of exercise
that is intense enough to the raise body temperature to at least 38.5ºC for at least one hour, but the
reward is a set of important physiological adaptations: expansion of plasma volume, improved
cutaneous blood flow, lower threshold to start sweating, increased sweat output, decreased salt
content in sweat, and smaller increases in shell and body temperature for a given amount exercise.
Together, these adaptations improve heat dissipation and reduce temperature increases during
exercise. However, it should be noted that these effects may vanish within two to three weeks if
an acclimatized subject moves to a more temperate environment.[18]
In addition to acclimatization, it is important to address modifiable factors such as poor
hydration, improper clothing, and lack of sleep.[18] As will be explained in the next section, the
first two of these modifiable factors are particularly relevant to undocumented migrants, whose
own material culture often contributes to increasing their risk of exertional heat illness. Lastly,
subjects about to engage in extraneous exercise must be familiar with the early signs and symptoms
of heat illness: fatigue, cramps, nausea, and dizziness. This knowledge is necessary for them to
keep their condition from worsening through measures such as increasing their resting intervals,
seeking shade, hydrating, and decreasing their activity intensity.[18]
Of course, when prevention fails it is critical to have an emergency action plan in place.[18]
There are multiple organizations available to aid migrants who become sick or injured as they
move through remote areas of the US-Mexico border. People in need of immediate help should
contact either Grupos Beta (“Beta Groups”) if they are inside Mexican territory or Border Patrol
Search, Trauma, and Rescue (BORSTAR) if they are on American soil. Grupos Beta, a branch of
the Mexican Instituto Nacional de Migración (“National Institute of Migration”), are dedicated to
protecting the human rights of migrants in Mexico, regardless of their nationality or legal status.
They are present at both the northern and southern borders of Mexico, providing a wide array of
services which include search, rescue, and medical care. Five groups operate along the SonoraArizona border, based in the cities of San Luis Río Colorado, Sonoyta, Sasabe, Nogales, and Agua
Prieta. Table 3 lists their contact information.[25] Similarly, BORSTAR conducts search and rescue
operations in the southwestern and northern borders of the US, as well as in coastal regions.[26] To
request their help, migrants in distress may contact a local 911 dispatcher, who in turn can patch
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them through to BORSTAR.[27] Alternatively, migrants in need of rescue may activate distress
beacons installed by Border Patrol at strategic locations in the borderlands. To make them easy to
spot, each beacon has signage, mirrors to reflect sunlight, and a high-intensity blue light that is
visible from up to 10 miles away at night (Figure 4). As of August of 2014 there were 32 of these
distress beacons scattered throughout the Tucson Sector.[28] Lastly, in addition to government
organization, there are volunteer groups providing humanitarian aid to migrants in Arizona. These
groups include No More Deaths and Tucson Samaritans, which patrol the frontier’s deserts ready
to provide medical attention to those who need it. Additionally, they place potentially life-saving
supplies along desert trails, such as water, food, and blankets.[29][30]
Table 3: Grupos Beta in Sonora, Mexico
Location
Telephone Number(s)
01-653-534-5062
San Luis Río Colorado
01-653-534-4870
01-651-512-1520
Sonoyta
01-637-374-8076
Sasabe
01-631-312-6181
Nogales
01-631-312-6180
01-633-338-1618
Agua Prieta
01-633-338-8962
These five units of Grupos Beta are active along the border between Arizona and the Mexican state of Sonora.
At the national level, in 2010 Grupos Beta rescued 4,163 people, provided medical attention to 791 injured or
wounded migrants, and located 190 individuals reported as missing. Source: Instituto Nacional de Migración.
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Figure 4: one of 32 distress beacons installed by Border Patrol in the Tucson Sector. By August of 2014, 83
beacon activations had led to the rescue of 142 people. Source: US Customs and Border Protection (2014).
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V. MIGRANT MATERIAL CULTURE EXACERBATES THE RISK OF EHI
As previously mentioned, maintaining adequate hydration and wearing proper clothing are
important aspects of preventing EHI. However, the material culture of undocumented migrants
often conflicts with both of these guidelines. Migrant material culture ─the things migrants carry
with them─ is focused on avoiding detection by Border Patrol and coping with the conditions of
the desert. In towns of northern Mexico that have become major staging areas for undocumented
border crossings (e.g. Altar, Sonora), there is an entire industry capitalizing on migrants who need
goods and services for their journey into the US. Coyotes, vendors, and local manufacturers engage
in a type of predatory entrepreneurship that, alongside desperation and folk logic, helps shape
migrants’ choices of what items to carry into the desert. Often the selected items are not only
ineffective, but even counterproductive and dangerous. Two salient examples are water bottles and
clothes.[31]
Undocumented migrants often try to camouflage their water bottles. For many years they
have painted bottles black or placed them inside covers made of plastic, burlap or cloth, and since
late 2009 they have also began purchasing one gallon water bottles made of black plastic. The
logic is that this prevents Border Patrol from spotting migrants through light reflecting off their
bottles. However, this ignores the fact that Border Patrol agents rely on sound, foot tracking,
ground sensors, and infrared cameras as their primary means to locate border crossers. In other
words, black water bottles do not offer the tactical advantage desired by their users. Instead, what
the black bottles do accomplish is to heat up migrants’ water. In an experiment by University of
Washington undergraduate Steven Ritchey, a black bottle and a white bottle were filled with water
and exposed to direct sunlight for nine hours on a summer day. The temperature of the water inside
each bottle, as well as that of the external air, was taken at one hour intervals. As shown in Figure
5, the water temperature inside both bottles always exceeded the air temperature, but the water
inside the black bottle became significantly hotter than the water in the white bottle. By the end of
the experiment, when the temperature inside each bottle had plateaued, the water in the black bottle
was at 126.3ºF, while the water in the white bottle was at 112.8ºF ─a 13.5ºF difference. This can
be disastrous for migrants, since drinking hot water increases one’s core temperature and further
stresses the body’s heat dissipation mechanisms.[31]
The black bottle problem comes on top of an even more fundamental issue for migrants:
by and large, they simply do not carry enough water for their journey through the desert. It is
estimated that active adults in warm climates require six liters (1.6 gallons) of water a day to stay
properly hydrated. De León regards this figure as a conservative estimate of migrants’ water needs
during border crossings. Since getting from the border to one of the common rendezvous points in
southern Arizona, such as Three Points, takes migrants approximately three days, then migrants
need to carry a minimum of 4.8 gallons of water to avoid dehydration. At 8.35 pounds per gallon
of water, this represents roughly forty pounds of cargo, which a migrant would have to carry in
addition to food, clothing, and other supplies. De León reports that four gallons (weighing 33.4
pounds) appears to be the maximum amount of water an adult is able to carry. Still, many choose
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Figure 5: Results from Steven Ritchey’s water temperature experiment, demonstrating that black water bottles
heat water to higher temperatures than comparable white bottles. Source: De León (2012).

to carry only one to two gallons. Many factors influence this decision: underestimating the amount
of water needed to avoid dehydration, coyotes who deliberately underestimate the distance that
will be walked, stories of migrants who have crossed with little water, an inability to purchase
more water, a physical inability to carry multiple gallons, backpack size, and the amount of other
supplies that people pack. Additionally, people who find gallon bottles too expensive or heavy
often buy 500 to 1500 milliliter bottles instead. Field observations and the high density of these
smaller bottles found at migrant stations suggest that there is a widespread practice among
migrants of venturing into the desert with less than a gallon of water. To complicate matters further,
the desert has very few water sources for migrants to resupply. Of these, some can be quite
dangerous. For example, desperate people sometimes drink from stagnant ponds and bacterialaden cattle tanks (Figure 6), which can cause them intestinal illness (i.e. diarrhea and vomiting)
and thus exacerbate their dehydration.[31]
In addition to all the water-related issues, migrants also make the mistake of wearing dark
clothing in the desert: black T-shirts, dark denim jeans, dark sweatshirts, dark socks and shoes,
and blue, black, or camouflage backpacks. Like the black water bottles, these are intended to
reduce migrants’ visibility but are actually useless against Border Patrol’s surveillance technology
and even hurt migrants. Dark clothes, of course, absorb more heat than light-colored clothes, thus
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Figure 6: discarded water bottle containing filthy water from a cattle tank. Source: De León (2012).

increasing the wearer’s body temperature and rate of dehydration, putting him on an accelerated
track toward heat illness. As if this were not enough, the clothes selected by migrants are often
made of thick cotton, synthetic fibers, or denim, meaning they are heavy and absorb moisture in
addition to heat. In contrast, specialized hiking clothes are made from lightweight fabrics to
promote ventilation and quick drying. Overall, the clothes worn by migrants contribute to more
wetted skin, a higher skin temperature (which impairs heat dissipation through radiation,
convection, and conduction), and increased general discomfort.[31]
VI. HYPOTHERMIA
Although this discussion of migrant deaths in Arizona has focused on exertional heat illness
up to now, it would not be complete without addressing the other major cause of death in the
desert: hypothermia. Hypothermia ─a significant affliction for migrants who try to cross the desert
during the winter[25]─ is defined as a drop in core body temperature below 35ºC (95ºF).[32] The
body initially responds to the decrease in temperature through active movement and shivering. At
first, consciousness, breathing and circulation remain intact, but as the body continues to cool
down those functions deteriorate. Atrial fibrillation commonly occurs once the individual’s core
temperature drops below 32ºC (90ºF), but in the absence of other cardiac symptoms it is not
considered a major cause for concern. However, further cooling increases the victim’s risk of
cardiac arrest. Below 28ºC (82ºF), this risk increases rapidly and puts the person’s life in grave
and immediate risk.[32]
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Common causes of hypothermia include prolonged exposure to the cold, wearing clothes
that are not warm enough for the weather conditions, submersion in water, and wearing wet
clothes. Many risk factors influence an individual’s susceptibility to hypothermia, such as age. For
instance, children are more vulnerable to hypothermia than adults because they tend to have a
relatively large surface area-to-weight ratio, which facilitates heat loss. For infants there is also the
added disadvantage of having inefficient mechanisms for generating heat. Likewise, the elderly
have an increased risk of suffering hypothermia because their thermoregulatory capabilities
decline naturally with age, not to mention that they are more likely to suffer from medical
conditions that further interfere with thermoregulation. Such conditions include hypothyroidism,
malnourishment, stroke, severe arthritis, Parkinson's disease, trauma, spinal cord injuries, burns,
disorders that affect sensation in the extremities (e.g., diabetic neuropathy), dehydration, and
conditions that limit physical activity or restrain blood flow. Additionally, people with mental
conditions that impair judgment (e.g., dementia) have an increased risk of suffering hypothermia
because they may fail to dress appropriately for cold weather and they are more likely to get lost
outdoors (which increases their exposure to the elements). Lastly, drugs and medications also
contribute to hypothermia. Antidepressants, antipsychotics, narcotic analgesics, and sedatives can
impair thermoregulation, while alcohol induces peripheral vasoconstriction, diminishes shivering,
and impairs judgment.[33]
Thankfully, hypothermia can be prevented by adhering to relatively simple guidelines. First
and foremost, people should dress in layers of lightweight, loose-fitting clothing. The inner layers
should consist of wool, silk, or polypropylene garments, while the outer layers should include
clothes made of tightly woven, water-repellent materials. This combination helps keep the wearer
warm, dry, and protected from wind. Additionally, wearing some form of head cover (e.g., a hat)
and mittens (rather than gloves) is highly recommended to further reduce heat loss. It is also
imperative to stay as dry as possible. This includes removing wet clothes at the first opportunity
and avoiding overexertion, which may trigger sweating and wet one’s clothing. Lastly, one should
avoid consuming alcoholic beverages in cold weather.[33]
In the unfortunate cases when prevention fails, it becomes important to be able to recognize
the signs and symptoms of hypothermia. Mild hypothermia manifests itself as a combination of
shivering, dizziness, hunger, nausea, tachypnea, difficulty speaking, mild confusion, lack of
coordination, fatigue, and/or tachycardia. As the condition worsens, these symptoms evolve. In
moderate to severe hypothermia there may be a cessation of shivering, clumsiness or lack of
coordination, slurred speech or mumbling, confusion, drowsiness or very low energy, lack of
concern about one's condition, progressive loss of consciousness, weak pulse, and slow, shallow
breathing.[33] To make matters worse, at core body temperatures below 28ºC patients may also
engage in paradoxical undressing.[32] Lastly, in the case of infants hypothermia may lead to bright
red, cold skin, very low energy, and a weak cry.[33]
Hypothermic individuals require immediate medical attention, and until professional help
arrives one should implement first aid measures. If possible, one should gently move the afflicted
individual to a dry, warm location. Delicacy is of the utmost importance in the handling of the
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patient because excessive, vigorous, or jarring motion is capable of triggering cardiac arrest. For
the same reason, caregivers should not massage or rub the victim. However, if it is impossible to
move a patient, then one must shield him from the cold and the wind. Additionally, it is important
to remove any wet clothes from the person (preferably by cutting them off, so as to minimize
movement). Measures to help rewarm hypothermic patients include sharing body heat through
skin to skin contact, covering them with multiple layers of dry blankets (or coats), insulating them
from the cold ground, providing warm, sweet, non-alcoholic, non-caffeinated beverages (if the
individual is able to swallow), and applying dry, warm compresses to the neck, chest wall or groin.
However, warm compresses should not be applied to the extremities, since this may allow cold
peripheral blood to flow to the heart, lungs, and brain, where it contributes to a further decrease in
the patient’s core temperature. Likewise, one should not apply direct heat to the patient (e.g., hot
water, heating pads, or heating lamps), since it can cause skin damage and even induce lifethreatening cardiac dysrhythmias. Lastly, it is vital to monitor the patient’s breathing. If breathing
stops or appears dangerously low or shallow, one should immediately commence cardiopulmonary
resuscitation (CPR).[33]
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EDUCATIONAL MATERIALS
The next several pages contain educational materials that could be used to help reduce the
number of migrant deaths in southern Arizona due to hypo- and hyperthermia. They consist of a
poster and two double-sided information sheets, all in Spanish. The former warns migrants about
the harsh conditions in the Sonoran Desert, provides instructions on how to obtain help during an
emergency in the desert, and lists information regarding hypo- and hyperthermia, including
definitions, causes, risk factors, prevention measures, signs and symptoms, and first aid measures.
The latter are derived directly from the poster but only provide the information regarding
emergency services and hypo- and hyperthermia. These materials could be distributed at migrant
shelters in Mexico. Table 4 lists migrant shelters in the Mexican state of Sonora.[34] Lastly, at the
end there is a text-only English translation of the poster.
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Table 4: Migrant Shelters in Sonora, Mexico
Name of Shelter
Address
Phone Number
Albergue Juan
Bosco
Casa Hogar
Nuestros Pequeños
Hermanos

Email or Website

Calle Montaño 1063.
Nogales, Sonora.
Regina Oeste s/n,
Col. Lomas de
Fátima, Nogales,
Sonora.
Buenos Aires 302,
Col. Buenos Aires,
Nogales, Sonora
Av. Gonzalo Senday
#79 Col.Buenos
Aires Altar, Son.,
México
Calle 6 y Avenida
Anahuac colonia
Ferrocarril, Agua
Prieta, Sonora,
México.
Calle 1, Avenida
384210, Agua Prieta,
Sonora
Calle 6 y Avenida
Anáhuac, Agua
Prieta, Sonora.
Edificio 3, depto.
401, col. Fovisste II,
C.p. 84020, Nogales,
Sonora

(631) 313-1667

N/A

(631) 316-1604

info.mx@nph.org

(631) 312-1350

directora@casamadreconchita.org

(637) 374-0360

N/A

(1 633) 338-2514
(52 520) 294-2311

sagfamap@hotmail.com
c.a.m.e.02@hotmail.com

(633) 331-0932

N/A

(633) 338-0530

N/A

(520) 287-2370

lledford@kinoborderinitiative.org

Calle 6, Ave. 7, Agua
Prieta, Sonora,
México
Santuario de Nuestra Latinos #193 Colonia
Señora de
Moderna Nogales,
Guadalupe
Son., México

(520) 732-6620

ray.ybarra@gmail.com

(631) 313-5824

N/A

Casa Madre
Conchita
Centro Comunitario
de Atención al
Migrante y
Necesitado
Centro de Atención
al Migrante Exodus
CAME

Centro de Recursos
para Migrantes
Dormitorio Iglesia
Sagrada Familia
(Albergue Carmen)
Iniciativa Kino para
la Frontera, Centro
de Ayuda al
Migrante
Deportado (CAMD
EP)
Movilidad
HumanaMH

Migrant shelters in Sonora could be good locations for the distribution of the educational materials
in the following pages because the people there are likely to be headed to the Arizona border.
Source: Red DH Migrantes (n.d.).
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BORSTAR

Grupos Beta

Organización

Cualquiera

Agua Prieta

Nogales

Sonoyta
Sasabe

San Luis Río Colorado

Localización

911

Número(s) Telefónico(s)
01-653-534-5062
01-653-534-4870
01-651-512-1520
01-637-374-8076
01-631-312-6181
01-631-312-6180
01-633-338-1618
01-633-338-8962

Referencia: CBP (2014).

Por último, la Patrulla Fronteriza ha instalado al menos 32 faros
de emergencia en el desierto (Figura 2). Al activarlo, el faro envía
una señal de emergencia y un equipo de rescate es enviado a su
localización. Los faros tienen letreros, espejos para reflejar la luz
del sol y una luz azul de alta intensidad. Durante la noche, la luz
Figura 2: faro de emergencia.
azul puede ser visible a 16 kilómetros de distancia.[7]

Tenga una manera de llamar la atención en el desierto. Considere
las siguientes medidas para ayudar a sus rescatistas a localizarlo:
• Use un espejo para reflejar la luz del sol
• Si es de noche, encienda una linterna
• Amarre una camiseta (preferiblemente de color llamativo) a una
rama y utilícela como bandera
• Utilice un silbato

Asegúrese de cargar un teléfono móvil y de conservar la batería y
los minutos para emergencias. Mantenga en mente que misiones
de búsqueda y rescate pueden durar horas.[15]

Tabla 1: Números de emergencia. Referencias: Instituto Nacional de Migración; McCombs (2009).

Estados Unidos

México

País

Hay grupos disponibles para auxiliarlo si se encuentra en peligro en el desierto. Si está en
territorio mexicano puede contactar a los Grupos Beta (Tabla 1).[2] Si está en territorio
estadounidense puede llamar al número de emergencias y solicitar ayuda de BORSTAR, el
equipo de búsqueda y rescate de la Patrulla Fronteriza de EE.UU.[1] Puede contactar a ambos
grupos por teléfono (Tabla 1).[2][15]

Recursos de Emergencia en el Desierto

SI ENTRA AL DESIERTO, INFÓRMESE SOBRE LA HIPERTERMIA, LA
HIPOTERMIA Y RECURSOS DE EMERGENCIA DE ANTEMANO.

LO MEJOR QUE PUEDE HACER PARA PROTEGER SU VIDA Y SU SALUD ES NO
ENTRAR AL DESIERTO.

Figura 1: (A) El Desierto de Sonora. Referencia: Museo del Desierto de Arizona-Sonora (2007). (B) Muertes
de migrantes documentadas entre 1999 y 2012. Referencia: Martínez y colaboradores (2012).
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Debido a estas condiciones, miles de migrantes han muerto en el desierto (Figura 1B).[13] Tan
sólo entre el 2000 y el 2015 se encontraron restos de 2,908 migrantes en la región.[4] Las
principales causas de muerte son la hipertermia y la hipotermia, las cuales son responsables
por al menos el 46% de las fatalidades.[13]

La hipertermia es un aumento excesivo en la temperatura corporal debido a la falla de los
mecanismos de enfriamiento del cuerpo. Durante un ejercicio riguroso el cuerpo genera
mucho más calor que al estar en reposo. Si el cuerpo produce calor más rápido de lo que lo
puede disipar, este se acumula y la temperatura incrementa.[12] Si acumula demasiado calor
el cuerpo eventualmente pierde la habilidad para controlar su temperatura, [16] lo cual puede
ser mortal.

El Desierto de Sonora es un área inhóspita que abarca la mayoría de la frontera entre México
y Arizona (Figura 1A).[6] El terreno es duro e irregular, dominado por cordilleras paralelas
separadas por amplios valles.[5] Como resultado, en algunos lugares la altura está por debajo
del nivel del mar y en otros pasa los mil metros.[6] La temperatura es igualmente variable.
Durante el verano el calor a menudo excede los 40ºC y en ocasiones alcanza los 48ºC,[5]
mientras que en el invierno el tiempo se torna congelante.[11] Además, es común que la
temperatura cambie por hasta 15ºC durante el transcurso de un mismo día.[5] Finalmente, la
precipitación es escasa la mayor parte del año,[11] por lo que hay pocas fuentes de agua.

Primeros auxilios para el golpe de calor:[3][8]
• Mueva a la persona a un lugar fresco y con sombra
• Eleve ligeramente las piernas de la persona
• Desvista a la persona
• Cubra a la persona con trapos húmedos (si se puede en un lugar con buen flujo de aire)
• Aplique compresas frías al cuello, las axilas y/o las ingles
• NO administre fluidos
• Revise la temperatura cada quince minutos para monitorear la condición de la persona

GENTE CON GOLPE DE CALOR REQUIERE AYUDA MÉDICA DE INMEDIATO;
LLAME POR AYUDA EN CUANTO RECONOZCA LOS SÍNTOMAS.

Síntomas del golpe de calor:[3][8]
• Temperatura de 38.9ºC o más (la temperatura normal es entre 36 y 38ºC)
• Piel roja y caliente; puede ser seca o húmeda
• Cese de la sudoración
• Pupilas constreñidas (pequeñas)
• Pulso acelerado
• Respiración acelerada y poco profunda
• Confusión o irritabilidad extrema
• Debilidad
• Convulsiones
• Pérdida de la consciencia

La hipertermia se presenta en muchas maneras de distinta gravedad, incluyendo irritación
de la piel, edema (hinchazón por retención de fluido), calambres, desmayos y agotamiento.
Sin embargo, la forma más grave es el golpe de calor.[16]

Medidas para la prevención de la hipertermia:[16][10]
• Aclimátese al calor: aclimatación completa requiere alrededor de una hora de ejercicio al
día por 10 a 14 días
• Manténgase hidratado: beba al menos 6 litros de agua al día mientras se encuentre en el
desierto; cargue su agua en botellas claras o blancas, NUNCA en botellas negras (las
botellas negras calientan el agua más y más rápido que las claras y blancas)
• Vístase adecuadamente: use ropa clara y ligera; NO vista ropa negra, ya que absorbe más
calor; NO vista telas gruesas o pesadas, como algodón o mezclilla (estas telas absorben
humedad e impiden que el sudor se evapore)
• Evite bebidas que contengan alcohol o cafeína
• Duerma adecuadamente
• Conozca los primeros síntomas de la hipertermia: fatiga, calambres, nausea y mareos
• Si presenta estos síntomas incremente sus intervalos de descanso, busque sombra, beba
agua y reduzca su nivel de actividad

Otros factores de riesgo para el desarrollo de la hipertermia:[16]
• Historia previa de enfermedad por calor
• Edad: adultos mayores y niños pequeños
• Obesidad y falta de condición física
• Falta de aclimatación al calor
• Temperatura ambiental y humedad altas
• Baja circulación de aire
• Falta de refugio o sombra
• Medicamentos y drogas: alcohol, anfetaminas, anticolinérgicos, antihistamínicos, antidepresivos, antipsicóticos, benzodiacepinas, beta bloqueadores, bloqueadores de los
canales de calcio, diuréticos, laxantes, fenotiazinas y agonistas tiroideos
• Enfermedades crónicas: diabetes mellitus, enfermedades cardiovasculares, infecciones
virales, enfermedades que causan fiebre, desordenes de la piel (incluyendo quemaduras),
hipertermia maligna y rasgo de células falciformes

La deshidratación incrementa el riesgo de sufrir hipertermia porque reduce la cantidad de
plasma (líquido) en la sangre. Un volumen de sangre adecuado es necesario para transportar
calor del interior del cuerpo a la piel, donde se disipa al ambiente.[16]

Hipertermia y Deshidratación

Los Peligros del Desierto

Hipotermia

Síntomas de la hipotermia moderada o grave:[14]
• Cese de los escalofríos
• Torpeza o falta de coordinación
• Mascullar o arrastrar las palabras
• Confusión
• Somnolencia o falta de energía
• Falta de preocupación por la condición propia
• Pérdida progresiva de la consciencia
• Pulso débil
• Respiración lenta y poco profunda
• A menos de 28ºC algunas personas se desvisten
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Primeros auxilios para la hipotermia:[14]
• GENTILMENTE mueva a la persona a un lugar seco y cálido; movimientos bruscos o
excesivos pueden precipitar un paro cardiaco
• NO frote o masajee a la persona (por el mismo motivo)
• Proteja a la persona del frío y el viento
• Remueva prendas húmedas, de preferencia cortándolas para no mover a la persona más
de lo necesario
• Caliente a la persona: compártale su calor corporal mediante contacto de piel a piel;
cúbrala con varias capas de cobijas o abrigos; aíslela del suelo; si puede tragar, dele
bebidas cálidas, dulces, sin alcohol y sin cafeína; aplique compresas calientes (y secas) al
cuello, pecho o ingle
• NO aplique compresas a los brazos o piernas; esto puede devolver sangre helada al
corazón y bajar aún más la temperatura de la persona
• NO aplique calor directo mediante agua caliente, almohadillas térmicas o lámparas de
calor; esto puede dañar la piel y causar arritmias cardiacas
• Vigile la respiración de la persona; si la respiración se detiene o parece demasiado baja o
poco profunda, inicie reanimación cardiopulmonar (RCP)

GENTE CON HIPOTERMIA REQUIERE AYUDA MÉDICA DE INMEDIATO; LLAME
POR AYUDA EN CUANTO RECONOZCA LOS SÍNTOMAS.

A UNA TEMPERATURA CORPORAL DEBAJO DE LOS 28ºC EL RIESGO DE UN
PARO CARDIACO INCREMENTA RÁPIDAMENTE.

En infantes la hipotermia causa piel colorada y seca, falta de energía y llanto débil.

Síntomas de la hipotermia leve:[14]
• Escalofríos
• Mareo
• Hambre
• Nausea
• Respiración acelerada
• Dificultada para hablar
• Confusión leve
• Falta de coordinación
• Fatiga
• Pulso acelerada

Medidas para la prevención de la hipotermia:[14]
• Vístase en capas: para las capas internas se recomiendan prendas sueltas y ligeras hechas
de lana, seda o polipropileno; para las capas externas se recomiendan prendas firmemente
tejidas y de material repelente al agua
• Cúbrase la cabeza y use manoplas (se recomiendan las manoplas más que los guantes)
• Manténgase lo más seco posible: quítese prendas húmedas a la primera oportunidad y
evite el sobresfuerzo físico para no sudar
• NO tome bebidas alcohólicas

Los factores de riesgo para el desarrollo de la hipotermia incluyen:[14]
• Edad: adultos mayores y niños pequeños
• Condiciones médicas: hipotiroidismo, desnutrición, derrame cerebral, artritis severa, mal
de Parkinson, trauma, lesiones de la médula espinal, quemaduras, desordenes que afectan
la sensación en brazos y piernas (por ejemplo, la neuropatía diabética), deshidratación y
condiciones que limitan la actividad física o el flujo de sangre
• Medicamentos y drogas: alcohol, antidepresivos, antipsicóticos, analgésicos narcóticos y
sedantes

La hipotermia ocurre cuando la temperatura del cuerpo baja a menos de 35ºC[9] y puede ser
el resultado de exponerse a bajas temperaturas, abrigarse inapropiadamente, sumergirse en
agua o vestir ropa húmeda.[14] Es una condición grave, ya que puede ocasionar la muerte
mediante un paro cardiaco.[9]

Por Alejandro Macías Sustaita, Universidad de Arizona
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ENGLISH TRANSLATION: POSTER
[TITLE]: Protection of Life and Health in the Desert
[SUBTITLE]: By Alejandro Macías Sustaita, University of Arizona
[SECTION HEADER]: The Hazards of the Desert
[BODY TEXT]: The Sonoran Desert is an inhospitable area that covers most of the border
between Mexico and Arizona (Figure 1A).[6] The terrain is harsh and irregular, dominated by
parallel mountain ranges separated by broad valleys.[5] As a result, in some places the altitude is
below sea level and in others it exceeds a thousand meters.[6] The temperature is equally variable.
During the summer the heat often exceeds 40ºC and sometimes reaches 48ºC,[5] while during the
winter the weather turns freezing.[11] Additionally, it is common for temperatures to change by as
much as 15ºC over the course of the same day.[5] Finally, precipitation is scarce for most of the
year,[11] such that there are few sources of water.
Due to these conditions, thousands of migrants have died in the desert (Figure 1B).[13] Just between
2000 and 2015 the remains of 2,908 migrants were found in the region.[4] The main causes of death
are hyperthermia and hypothermia, which are responsible for at least 46% of the fatalities.[13]
[FIGURE ANNOTATION]: Figure 1: (A) The Sonoran Desert. Source: Arizona-Sonora Desert
Museum (2007). (B) Migrant deaths recorded between 1999 and 2012. Source: Martínez et al.
(2012).
[WARNING BOX]: THE BEST THING YOU CAN DO TO PROTECT YOUR LIFE AND
YOUR HEALTH IS TO NOT ENTER THE DESERT.
IF YOU ENTER THE DESERT, LEARN ABOUT HYPERTHERMIA, HYPOTHERMIA, AND
EMERGENCY RESOURCES BEFOREHAND.
[SECTION HEADER]: Emergency Resources in the Desert
[BODY TEXT]: There are groups available to help you if you find yourself in danger in the desert.
If you are in Mexican territory you can contact Grupos Beta (Table 1).[2] If you are in American
territory you can call the emergency number and request help from BORSTAR, the search and
rescue team of the US Border Patrol.[1] You can contact both groups by phone (Table 1).[2][15]
[TABLE]:
Country

Organization

Location
San Luis Río Colorado
Sonoyta

Mexico

Grupos Beta

Sasabe
Nogales
Agua Prieta

United States

BORSTAR

Anywhere

Telephone Number(s)
01-653-534-5062
01-653-534-4870
01-651-512-1520
01-637-374-8076
01-631-312-6181
01-631-312-6180
01-633-338-1618
01-633-338-8962
911
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[TABLE ANNOTATION]: Table 1: Emergency numbers. Sources: National Institute of
Migration; McCombs (2009).
[BODY TEXT]: Make sure to carry a mobile phone and to save the battery and the minutes for
emergencies. Keep in mind that search and rescue missions can last hours.[15]
Have a way of calling attention to yourself in the desert. Consider the following measures to help
your rescuers locate you:
 Use a mirror to reflect the sunlight
 If it is nighttime, turn on a flashlight
 Tie a shirt (preferably of a flashy color) to a branch and use it as a flag
 Use a whistle
Lastly, the Border Patrol has installed at least 32 emergency beacons in the desert (Figure 2). When
activated, the beacon sends out an emergency signal and a rescue team is sent to its location. The
beacons have signs, mirrors to reflect sunlight, and a high intensity blue light. At night, the blue
light can be visible from a distance of 16 kilometers.[7]
[FIGURE ANNOTATION]: Figure 2: Emergency beacon. Source: CBP (2014).
[SECTION HEADER]: Hyperthermia and Dehydration
[BODY TEXT]: Hyperthermia is an excessive increase in body temperature due to the failure of
the body’s cooling mechanisms. During rigorous exercise the body generates much more heat than
when it is at rest. If the body generates heat faster than it can dissipate it, it accumulates and the
temperature increases.[12] If it accumulates too much heat the body eventually loses the ability to
control its temperature,[16] which can be deadly.
Dehydration increases the risk of suffering hyperthermia because it reduces the amount of plasma
(liquid) in the blood. An adequate volume of blood is necessary to transport heat from the interior
of the body to the skin, where it dissipates into the environment.[16]
Other risk factors for the development of hyperthermia:[16]
 Past history of heat illness
 Age: the elderly and small children
 Obesity and lack of physical fitness
 Lack of acclimatization to heat
 High ambient temperature and humidity
 Low circulation of air
 Lack of shelter or shade
 Medications and drugs: alcohol, amphetamines, anticholinergics, antihistamines,
antidepressants, antipsychotics, benzodiazepines, beta blockers, calcium channel blockers,
diuretics, laxatives, phenothiazines, and thyroid agonists
 Chronic diseases: diabetes mellitus, cardiovascular diseases, viral infections, diseases that
cause fever, skin disorders (including burns), malignant hyperthermia, and sickle cell trait
Measures to prevent hyperthermia:[16][10]
 Acclimatize to the heat: full acclimatization requires around one hour of exercise per day for
10 to 14 days
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Stay hydrated: drink at least 6 liters of water per day while you’re in the desert; carry your
water in clear or white bottles, NEVER in black bottles (black bottles warm up water more and
faster than clear and white ones)
 Dress appropriately: wear light-colored and lightweight clothes; DO NOT wear black clothes,
since they absorb more heat; DO NOT wear thick or heavy fabrics, like cotton or denim (these
fabrics absorb moisture and keep sweat from evaporating)
 Avoid beverages with alcohol or caffeine
 Sleep adequately
 Know the early symptoms of hyperthermia: fatigue, cramps, nausea, and dizziness
 If you have these symptoms increase your rest intervals, seek shade, drink water, and reduce
your level of activity
[ACTION BOX]: A past history of heat illness is the main risk factor!
[BODY TEXT]: Hyperthermia manifests itself in many forms of different severity, including skin
irritation, edema (swelling due to fluid retention), cramps, fainting, and exhaustion. However, the
most severe form is heat stroke.[16]
Symptoms of heat stroke:[3][8]
 Temperature of 38.9ºC or more (normal temperature is between 36 and 38ºC)
 Red and hot skin; it may be dry or moist
 Cessation of sweating
 Constricted (small) pupils
 Rapid pulse
 Rapid and shallow respiration
 Extreme confusion or irritability
 Weakness
 Seizures
 Loss of consciousness
[ACTION BOX]: Carry and know how to use a thermometer!
[WARNING BOX]: PEOPLE WITH HEAT STROKE REQUIRE MEDICAL ATTENTION
IMMEDIATELY; CALL FOR HELP AS SOON AS YOU RECOGNIZE THE SYMPTOMS.
[BODY TEXT]: First aid for heat stroke:[3][8]
 Move the person to a cool, shaded place
 Elevate the person’s legs slightly
 Undress the person
 Cover the person in wet cloths (if possible in a place with good airflow)
 Apply cold compresses to the neck, armpits, and/or groins
 DO NOT administer fluids
 Check the temperature every fifteen minutes to monitor the person’s condition
[SECTION HEADER]: Hypothermia
[BODY TEXT]: Hypothermia occurs when the body temperature drops below 35ºC[9] and can
be the result of exposure to the cold, wearing clothing that is not warm enough for the weather,
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submerging in water, or wearing wet clothes.[14] It is a grave condition, for it can lead to death
through cardiac arrest.[9]
The risk factors for the development of hypothermia include:[14]
 Age: the elderly and small children
 Medical conditions: hypothyroidism, malnourishment, stroke, severe arthritis, Parkinson’s
disease, trauma, spinal cord injuries, burns, disorders that affect sensation in the arms and legs
(for example, diabetic neuropathy), dehydration, and conditions that limit physical activity or
blood flow
 Medications and drugs: alcohol, antidepressants, antipsychotics, narcotic analgesics, and
sedatives
Measures to prevent hypothermia:[14]
 Dress in layers: loose-fitting, lightweight garments made of wool, silk or polypropylene are
recommended for the inner layers; tightly woven garments made of water-repellent material
are recommended for the outer layers
 Cover your head and wear mittens (mittens are recommended over gloves)
 Stay as dry as possible: remove wet clothes at the first opportunity and avoid physical
overexertion to keep from sweating
 DO NOT drink alcoholic beverages
Symptoms of mild hypothermia:[14]
 Shivering
 Dizziness
 Hunger
 Nausea
 Rapid breathing
 Difficulty speaking
 Mild confusion
 Lack of coordination
 Fatigue
 Rapid pulse
Symptoms of moderate to severe hypothermia:[14]
 Cessation of shivering
 Clumsiness or lack of coordination
 Mumbling or slurred speech
 Confusion
 Drowsiness or lack of energy
 Lack of concern for one’s own condition
 Progressive loss of consciousness
 Weak pulse
 Slow and shallow breathing
 Below 28ºC, some people undress themselves
In infants hypothermia causes red, dry skin, lack of energy, and a weak cry.
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[WARNING BOX]: AT A BODY TEMPERATURE BELOW 28ºC THE RISK OF CARDIAC
ARREST INCREASES RAPIDLY.
PEOPLE WITH HYPOTHERMIA REQUIRE MEDICAL ATTENTION IMMEDIATELY;
CALL FOR HELP AS SOON AS YOU RECOGNIZE THE SYMPTOMS.
[BODY TEXT]: First aid for hypothermia:[14]
 GENTLY move the person to a dry, warm place; abrupt or excessive movements can trigger
cardiac arrest
 DO NOT rub or massage the person (for the same reason)
 Protect the person from the cold and the wind
 Remove wet clothes, preferably by cutting them off so as to not move the person more than is
necessary
 Warm up the person: share your body heat through skin to skin contact; cover them with several
layers of blankets or coats; insulate them from the floor; if they can swallow, give them warm,
sweet, alcohol-free, caffeine-free beverages; apply warm (and dry) compresses to the neck,
chest or groin
 DO NOT apply compresses to the arms or legs; this may return cold blood to the heart and
decrease the person’s temperature even further
 DO NOT apply direct heat using hot water, heat pads or heat lamps; this may damage the skin
and cause cardiac dysrhythmias
 Monitor the person’s breathing; if breathing stops or seems too slow or shallow, start
cardiopulmonary resuscitation (CPR)
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