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On May 10, 1996, a sudden fierce storm

trapped several climbers high on Mt. Everest

just as they were starting their descent from

the summit. In what became the deadliest

single climbing tragedy in the mountain’s

history, a total of eight people perished. One

who managed to survive was a Texas

climber named Beck Weathers.

A
lthough television can reduce the

effort to survive in the wilderness to

a few hours of entertainment and a

chance to win a million dollars, in reality—a

reality far from “reality TV”—wilderness sur-

vival can be a struggle for life, and the chal-

lenge of survival in the wilderness has claimed

the lives of many soldiers, explorers, and

adventurers. And in the cold winter months,

one of the deadliest aspects of the struggle is

exposure to numbing cold and its result,

hypothermia.

As Weathers tells it in his recent book,

Left for Dead: My Journey Home from Everest,

a search party found

him and another

climber close to

death in the snow.

Calculating that a

rescue was too late

to save Weathers’s

life and would jeop-

ardize those trying

to save him, the res-

cuers left him and

his companion for dead. Miraculously, how-

ever, he managed to rouse himself and walk

down to the next camp. From there, he was

taken off the mountain by helicopter—though

eventually losing both hands and his nose as a

result of frostbite. 

Weathers’s ordeal tells us two things

about hypothermia. It is a ferocious killer, and

the human body uses extraordinary means to

combat it. Humans are among the warm-

blooded or endothermic animals that generate

heat from the metabolism of food and then

maintain fairly constant body temperatures by

using a variety of strategies. In humans, the

complex biochemistry that is taking place in

our bodies requires an internal temperature of

98.6 °F (37 °C). Straying in either direction

from that mark for an extended period of time

means trouble.

Losing heat
To think about all the ways the human

body can lose heat, picture a cold fall morning.

You leave the house without a jacket or hat.

The minute you step outside, you begin to lose

heat from exposed parts of your body by radia-

tion, the emission of infrared energy. But not

all parts of your body are affected in the same

way. Blood, which is largely water, has a high

heat capacity and serves to distribute heat

energy to all parts of the body. Parts of the

body with large blood supplies—your head,

for example—are locations where maximum

heat loss can occur by radiation. Without a hat,

you risk losing a significant amount of body

heat from your head alone.

You run for the bus and arrive in a sweat.

Now you’re losing heat through evaporation.

Sweating is another one of the body’s ways of

cooling down. When water changes from a liq-

uid to a gas, it absorbs heat called the “latent

heat of vaporization.” That’s welcome on a hot

summer day when the evaporation of sweat

keeps you cool. But if your skin or clothing

gets damp with sweat on a cold day, the result

can be an unwanted heat loss.

Running also cools you by convection,

the phenomenon behind wind-chill charts.

When you are standing still and the air is still,

your body soon warms a thin layer of air next

to its surface, creating a warm, surrounding

shell. But if you are running or the wind is

blowing, the air passing over you strips off this

warmer layer, leaving you vulnerable to radia-

tive heat loss.

Finally, you make it to the bus stop and

sit down on a bench to catch your breath.

Here, another kind of heat loss becomes a fac-

tor. Conduction is the direct transfer of heat

from one object to another. Press the bare skin

of your arms against a cold concrete or wood

bench, and you’ll feel how conduction drains

more heat from your body. 

The effects of radiation, evaporation, con-

vection, and conduction often combine to

cause heat loss. You can think about how

some or all of them affect this example: The air

you inhale is warmed and humidified before it

www.acs.org/education/curriculum/chemmatt.html

By Peter Banks

P
H

O
T
O

 B
Y

 M
IK

E
 C

IE
S

IE
L
S

K
I



ChemMatters, DECEMBER 2001 15

reaches your lungs. But every time you exhale

this warm, moist air, you are losing heat.

Preventing hypothermia involves both

conscious and instinctive behavior. Common

sense tells you to put on a sweater and seek

shelter when you’re feeling cold. You can also

move around, swing your arms, and jump in

place, actions that cause the skeletal muscles

to produce heat.

But your body has a few warm-up

strategies that require no conscious effort.

Muscles generate heat through shivering.

Shivering is the involuntary contraction and

relaxation of skeletal muscles to generate

heat rather than work.

And “goose

bumps”? Here’s

where it gets

funny. Humans, like

other mammals,

come with a cover-

ing of hair. One

way a mammal

reacts to heat loss

is by contracting

the tiny muscles at

the base of each

hair, thus creating a fluffy

layer of insulation in which air pockets retain

body heat. In humans, our meager supply of

surface hair stands up to no avail. All we have

to show for the effort is bumpy skin.

Unable to create our own thermal layers,

we rely on clothing to do the job. We’ve

learned that in the coldest climates, layers

trapping the most air next to the skin work

best. Fluffy woolens, down-filled quilted layers,

and synthetic thermal weaves and knits all

work well in freezing temperatures.

Serious cold
Most of us will never experience anything

more than shivering or goose bumps as we

react to the cold, but when severe hypothermia

threatens, the body marshalls more drastic

defenses. For Beck Weathers and other “lucky”

survivors, the body gives up trying to keep its

whole mass warm and instead just retains heat

in the core zone, where the internal organs are.

Normally, much of the heat in the core of your

body is eliminated when the warm blood flows

from the internal organs to the blood vessels

in the cooler skin. Confronting chronic cold,

these outer blood vessels narrow by a process

called vasoconstriction.

When rescuers found Weathers, his

hands were frozen, the right one a third of the

way up his forearm. But despite this drastic

cooling of his arms his legs, his body core

stayed warm enough for

him to stagger down the

mountain in a raging

storm.

As serious as is

the chronic cold feared

by mountaineers and

polar explorers,

hypothermia is more

acute and immediate if

one were to fall acci-

dentally into cold water.

Completely immersed,

the body cools rapidly

as water, with its

greater capacity for

heat, rapidly drains

away the heat energy

from any submerged

objects. Who can forget

the scene in the movie

Titanic, in which pas-

sengers jumped into

sea wearing life vests

only to become victims

of the icy water?

A small 

survivor
Last winter, there

were news accounts

worldwide about a 13-

month-old toddler,

Erica Norby, from

Edmonton, Canada,

who wandered from her

house into the frozen

–20 °F (–29 °C) night. When her mother found

her, about two-and-a-half hours later, she was

lying in the snow without a pulse, not breath-

ing, and her legs already purple.

One thing worked in Erica’s favor,

though. She was small. Young children have a

larger surface area to body mass ratio than do

adults. When suddenly exposed to snow or icy

water, small bodies cool so rapidly that the

body’s organs are, in effect, flash frozen before

the brain and other organs incur permanent

damage. Remarkably, Erica’s heart started

beating again as she was rewarmed in the hos-

pital. Even more remarkably, her doctors

reported that she suffered little, if any perma-

nent injury.

Treatments for acute or chronic

hypothermia involve applying heat—but care-

fully. When someone with deep hypothermia is

warmed too rapidly, the heart can stop. Health

care professionals, especially those trained in

wilderness medicine, should be called to treat

acute cases of hypothermia. But for most of

us, the best advice is to avoid hypothermia in

the first place.

Peter Banks is a science writer living in Fairfax, VA.
His most recent ChemMatters article was “Fats—
Fitting Them Into a Healthy Diet” in the October
2000 issue.
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njoy the crisp cold winter months! Here

is your hypothermia defense guide.

Stay dry. Dampness reduces the insulation of many

clothing materials, and the evaporation of water on your

body or clothing draws heat. If your clothes become wet,

change into something dry. If that’s not possible, then cover

yourself with a nonbreathable material like a plastic rain suit

to prevent evaporation.

Don’t get sweaty. Because

dampness cools you down, avoid getting

sweaty if you are hiking, skating, or

cross-country skiing on a cold day.

Instead, open your jacket, take off your

gloves, or take off your hat to prevent

overheating. Put them on again when

you stop exercising.

If you are tired, rest

and eat. Your body cannot fight

hypothermia when you’re exhausted

or out of food. Shivering is the contraction and relax-

ation of your muscles, and it takes energy.

Don’t eat snow for water. It takes heat to

melt snow. If you’re already hypothermic, you cannot afford

the heat required to bring the snow to body temperature and

melt the ice crystals.  If you need emergency water, melt the

snow first and then drink liquid water.

If you fall into cold water, keep as

much of your body out of water as possible.

Especially try to avoid submerging your head, from which

heat loss is greatest. 
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