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T
he views are spectacular! Mt. Everest, the tallest mountain

in the world at 8,848 meters, is the ultimate challenge for

climbers throughout the world. But before you sign up for

an expedition, you should know an important fact. If suddenly

dropped on top of this mountain, you would have about three

minutes to enjoy the scenery before lapsing into unconscious-

ness.

The atmosphere that surrounds us can be likened to an

enormous ocean. At the bottom of the ocean, pressures are

greatest due to the enormous weight of water above. As you

reach the ocean’s surface, pressures decrease. The same holds

true for the earth’s atmosphere. As altitude increases, the weight

of the air decreases. As a result, the density of the atmosphere is

greatest at the earth’s surface, and significantly thinner at places

like the top of Mt. Everest (see “As a Matter of Fact” in this issue

of ChemMatters).

At sea level, standard atmospheric pressure is 101.325 kilo-

pascals (kPa), or 1 atmosphere (atm). On top of Mt. Everest,

barometric pressure has been measured at 33.7 kPa, or only

about one-third as much as at sea level. 

One of Dalton’s laws of partial pressure states that in a mix-

ture of gases, the fraction of the total pressure that each gas will

exert will simply be proportional to whatever percent of the total

number of molecules are represented by that gas. For example, at

sea level, atmospheric pressure is equal to approximately 1 atm.

Since oxygen comprises 21% of the atmosphere, the partial pres-

sure of oxygen at sea level is 0.21 atm—the oxygen level to

which most human lives are adapted. On top of Mt. Everest, the

percentage of oxygen in the atmosphere is still 21%. However,

with a total atmospheric pressure of only about .33 atm, the par-

tial pressure of oxygen is only 0.07 atm—only one-third as much
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oxygen as at sea level, and only about one-third of what

is needed to sustain average human activity for an

extended period of time.

The lack of oxygen becomes most criti-

cal above 7,800 m—the lower limit of an

altitude known as the “Death Zone”. The

critical lack of oxygen at this altitude

makes any physical activity completely

exhausting. Climbers can only take a

few steps before they must stop, their

lungs screaming for oxygen. There is

not even enough oxygen for coordi-

nated muscle activity, causing move-

ments to become awkward and clumsy.

Too much time in the Death Zone for the

unconditioned climber will inevitably lead to

collapse, unconsciousness, and—as in the

name—death.

Climbing to the top
Few have attempted the summit without the use of supplemental

oxygen, although carrying the weighty canisters proves to be an added

hardship for climbers. In 1978, two European climbers, Reinhold Mess-

ner and Peter Habeler, made history by doing what was once thought

impossible when they made a successful ascent without supplemental

oxygen.

For climbers to reach these heights and survive, with or without

supplementary oxygen, they must first spend about two months

becoming acclimatized to the lower oxygen levels.

Climbers gradually ascend to higher and higher ele-

vations in order for the body to adjust to the reduced

levels of oxygen. To ascend Mt. Everest, climbers

take about 10 days to reach base camp, which is at

an elevation of 5333 m. From this point they make

several successive camps—each at a higher alti-

tude—before they make the final push up to the top

of the world. 

What adaptations must the body acquire during

this training period for the ascent to the summit? To

answer that question we should look to the real

experts—a group of people who are native to the

region.

Masters of the 

mountains
Few expeditions attempt Mt. Everest without

the help of skilled Sherpa guides. The Sherpas,

indigenous peoples of Tibet, have, for countless gen-

erations, spent their entire lives in the mountains,

rarely descending to sea level. As a result, they are

remarkably adapted to living at such high altitudes. 

With each breath, these native peoples inhale

more oxygen than their low-altitude counterparts. In

fact, their chest cavities are often enlarged, allowing

for both larger hearts and greater lung capacity.

Their red blood cell counts are significantly higher,

and capillaries that permeate all body tissues

tend to be denser and more dilated. Tissue

cells contain a greater number of mito-

chondria—the organelles responsible

for oxidizing hydrocarbon food mol-

ecules and releasing energy. 

Although these adaptations

for life at high altitudes cannot be

achieved in two weeks of train-

ing, climbers can make signifi-

cant gains. Faced with decreasing

levels of oxygen, the body steps

up production of hemoglobin mole-

cules—protein molecules specialized

for oxygen transport—while increas-

ing the number of erythrocytes or red

blood cells that contain the hemoglobin. 

Oxygen itself is not very soluble in the

aqueous blood mixture. One hemoglobin molecule

consists of four polypeptide chains. Each chain contains a

heme group, at the center of which resides a single atom of iron. In an

oxygen-rich, aqueous environment, oxygen molecules readily associate

with the ferrous (Fe
2+

) ion of this molecule in a process similar to rust-

ing. In this equation, Hb represents the entire hemoglobin molecule:

Hb(aq)  +  2O2(aq) � Hb(O2)2(aq)
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As the double arrow indicates, the reaction is in equilibrium. 

Le Chatelier’s principle states that any time stress is put on a system,

the system will adjust so as to relieve that stress. In this case, if more

oxygen is added, the equilibrium position shifts in the direction of the

products, and hemoglobin picks up oxygen. With oxygen in short sup-

ply, the equilibrium position shifts to the left, releasing oxygen to the

tissues.

In an oxygen-deficient environment, the entire body responds by

hyperventilating—a behavior that increases both the depth and rate of

breathing. Hyperventilating not only enables the body to take in more

oxygen, but also steps up the exhaling of CO2. We think of CO2 in

terms of waste; however, the body is conservative about any changes

in its internal chemical environment. When the blood loses CO2, the pH

of the blood raises since CO2 in the blood reacts with water to yield

carbonic acid (H2CO3). Blood pH, measured for climbers near the top

of Mt. Everest, has been recorded as high as 7.7—astonishing, since

the pH of blood at sea level is around 7.4. 

As blood becomes more alkaline, the hemoglobin has an even

greater affinity for oxygen. Conversely, hemoglobin gives up oxygen

more readily when the pH is low, a situation found in the vicinity of

active muscle tissue. 

The pH of tissues is important in setting priorities for the distribu-

tion of precious oxygen. At extremely high altitudes, the hemoglobin

readily releases oxygen to those tissues that need it the most, namely

active cells where CO2 levels are highest and pH is low. As a result,

only those parts of the body that are critically active receive adequate

levels of oxygen. In short, climbers may be able to keep moving—

shuffling along like virtual zombies—while the rest of their body func-

tions are nearly shut down.

We are only beginning to understand how the body responds to a

lack of oxygen. Since so few are able to scale such majestic heights,

there is still much to be learned about the effects of high altitude on

the body.

Despite all of the hardships involved with climbing Mt. Everest,

there is a waiting list of people willing to risk life and limb to stand on

the world’s tallest peak. The lure that draws men and women to risk all

to reach the top of the world is one mystery that will probably never be

solved.

George Leigh Mallory, the British climber who made the first seri-

ous attempt on Everest in 1922, lectured widely upon his return about

the incredible hardships his climbing party faced, but how they were

eager for the next attempt. When someone in the audience asked him,

“Why do you want to do it?” He replied, “Because it is there.”

Brian Rohrig is a chemistry teacher at Aurora High School in Aurora, OH. He
is a frequent author of articles in ChemMatters. His latest article, “Smart
Windows—An Open and Shut Case” appeared in the October 1999 issue.

REFERENCES

Krakauer, J. Into Thin Air. Outside, September 1996, p 48.

Hock, R. J. The Physiology of High Altitude. Sci. Am., February
1970.

West, J. W. Everest: The Testing Place; McGraw Hill: New York,
1985.

RELATED ARTICLES

Goldfarb, B. Synthetic Blood—Supply From a Different Vein.
ChemMatters 1998, 16 (2), 13–15.

P
H

O
T
O

G
R

A
P

H
S

 B
Y

 M
IK

E
 C

IE
S

IE
S

K
I 

A
N

D
 F

R
O

M
 A

C
S

 S
T
O

C
K

 F
IL

E


