
Breathing

Douglas Wilkin, Ph.D.
Jean Brainard, Ph.D.

Say Thanks to the Authors
Click http://www.ck12.org/saythanks

(No sign in required)

http://www.ck12.org/saythanks


To access a customizable version of this book, as well as other
interactive content, visit www.ck12.org

CK-12 Foundation is a non-profit organization with a mission to
reduce the cost of textbook materials for the K-12 market both in
the U.S. and worldwide. Using an open-source, collaborative, and
web-based compilation model, CK-12 pioneers and promotes the
creation and distribution of high-quality, adaptive online textbooks
that can be mixed, modified and printed (i.e., the FlexBook®
textbooks).

Copyright © 2018 CK-12 Foundation, www.ck12.org

The names “CK-12” and “CK12” and associated logos and the
terms “FlexBook®” and “FlexBook Platform®” (collectively
“CK-12 Marks”) are trademarks and service marks of CK-12
Foundation and are protected by federal, state, and international
laws.

Any form of reproduction of this book in any format or medium,
in whole or in sections must include the referral attribution link
http://www.ck12.org/saythanks (placed in a visible location) in
addition to the following terms.

Except as otherwise noted, all CK-12 Content (including CK-12
Curriculum Material) is made available to Users in accordance
with the Creative Commons Attribution-Non-Commercial 3.0
Unported (CC BY-NC 3.0) License (http://creativecommons.org/
licenses/by-nc/3.0/), as amended and updated by Creative Com-
mons from time to time (the “CC License”), which is incorporated
herein by this reference.

Complete terms can be found at http://www.ck12.org/about/
terms-of-use.

Printed: November 6, 2018

AUTHORS
Douglas Wilkin, Ph.D.
Jean Brainard, Ph.D.

http://www.ck12.org/
http://www.ck12.org/saythanks
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://www.ck12.org/about/terms-of-use
http://www.ck12.org/about/terms-of-use


www.ck12.org Chapter 1. Breathing

CHAPTER 1
Breathing

Learning Objectives

• Outline the processes of ventilation, gas exchange, and gas transport.
• Distinguish between pulmonary gas exchange and peripheral gas exchange.
• Describe the role of the alveoli.
• Summarize the role of gas exchange in homeostasis.

Grapes. Why? What do these have in common with a breath of air?

Below are the parts of the lungs where oxygen moves from the lungs into the blood. If the alveoli below were purple,
they could resemble a bunch of grapes. Of course, as the alveoli are in the lungs, they must be very small to provide
enough area for the exchange of gases. In fact, there are about 300 million alveoli in the adult lung.
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Journey of a Breath of Air

Take in a big breath of air through your nose. As you inhale, you may feel the air pass down your throat and notice
your chest expand. Now exhale and observe the opposite events occurring. Inhaling and exhaling may seem like
simple actions, but they are just part of the complex process of respiration, which includes these four steps:

1. Ventilation
2. Pulmonary gas exchange
3. Gas transport
4. Peripheral gas exchange

Ventilation

Respiration begins with ventilation. This is the process of moving air in and out of the lungs. The lungs are the
organs in which gas exchange takes place between blood and air.

• Air enters the respiratory system through the nose. As the air passes through the nasal cavity, mucus and hairs
trap any particles in the air. The air is also warmed and moistened so it won’t harm delicate tissues of the
lungs.

• Next, the air passes through the pharynx, a long tube that is shared with the digestive system. A flap of
connective tissue called the epiglottis closes when food is swallowed to prevent choking.

• From the pharynx, air next passes through the larynx, or voice box. The larynx contains vocal cords, which
allow us to produce vocal sounds.

• After the larynx, air moves into the trachea, or wind pipe. This is a long tube that leads down to the chest.
• In the chest, the trachea divides as it enters the lungs to form the right and left bronchi. The bronchi contain

cartilage, which prevents them from collapsing. Mucus in the bronchi traps any remaining particles in air.
Tiny, hair-like structures called cilia line the bronchi and sweep the particles and mucus toward the throat so
they can be expelled from the body.

• Finally, air passes from the bronchi into smaller passages called bronchioles. The bronchioles end in tiny air
sacs called alveoli.
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Pulmonary Gas Exchange

Pulmonary gas exchange is the exchange of gases between inhaled air and the blood. It occurs in the alveoli of
the lungs. Alveoli (singular, alveolus) are grape-like clusters surrounded by networks of thin-walled pulmonary
capillaries. After you inhale, there is a greater concentration of oxygen in the alveoli than in the blood of the
pulmonary capillaries, so oxygen diffuses from the alveoli into the blood across the capillaries (see Figure 1.1).
Carbon dioxide, in contrast, is more concentrated in the blood of the pulmonary capillaries than in the alveoli, so it
diffuses in the opposite direction.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/227428

FIGURE 1.1
Alveoli are tiny sacs in the lungs where
gas exchange takes place.

Gas Transport

After the blood in the pulmonary capillaries becomes saturated with oxygen, it leaves the lungs and travels to the
heart. The heart pumps the oxygen-rich blood into arteries, which carry it throughout the body. Eventually, the blood
travels into capillaries that supply body tissues. These capillaries are called peripheral capillaries.

3

http://www.ck12.org
http://www.ck12.org/flx/show/video/https%3A//www.youtube.com/embed/wc2K1Olt4Q8%3Fwmode%3Dtransparent%26rel%3D0%26hash%3D8f616417d0fe664665c251dd81f98a85
http://www.ck12.org/flx/render/embeddedobject/227428


www.ck12.org

Peripheral Gas Exchange

The cells of the body have a much lower concentration of oxygen than does the oxygenated blood in the peripheral
capillaries. Therefore, oxygen diffuses from the peripheral capillaries into body cells. Carbon dioxide is produced by
cells as a byproduct of cellular respiration, so it is more concentrated in the cells than in the blood of the peripheral
capillaries. As a result, carbon dioxide diffuses in the opposite direction.

Back to the Lungs

The carbon dioxide from body cells travels in the blood from the peripheral capillaries to veins and then to the heart.
The heart pumps the blood to the lungs, where the carbon dioxide diffuses into the alveoli. Then, the carbon dioxide
passes out of the body through the other structures of the respiratory system, bringing the process of respiration full
circle.

Gas Exchange and Homeostasis

Gas exchange is needed to provide cells with the oxygen they need for cellular respiration. Cells cannot survive for
long without oxygen. Gas exchange is also needed to carry away carbon dioxide waste. Some of the carbon dioxide
in the blood dissolves to form carbonic acid, which keeps blood pH within a normal range.

Blood pH may become unbalanced if the rate of breathing is too fast or too slow. When breathing is too fast,
blood contains too little carbon dioxide and becomes too basic. When breathing is too slow, blood contains too
much carbon dioxide and becomes too acidic. Clearly, to maintain proper blood pH, the rate of breathing must be
regulated.

Further Reading

Regulation of Breathing

Summary

• Respiration begins with ventilation, the process of moving air into and out of the lungs.
• Gas exchange in the lungs takes place across the thin walls of pulmonary arteries in tiny air sacs called alveoli.
• Oxygenated blood is transported by the circulatory system from lungs to tissues throughout the body.
• Gas exchange between blood and body cells occurs across the walls of peripheral capillaries.
• Gas exchange helps maintain homeostasis by supplying cells with oxygen, carrying away carbon dioxide

waste, and maintaining proper pH of the blood.

Review

1. Outline the pathway of a breath of air from the nose to the alveoli.
2. Describe how pulmonary gas exchange occurs.
3. What is peripheral gas exchange.
4. Sometimes people who are feeling anxious breathe too fast and become lightheaded. This is called hyperven-

tilation. Hyperventilation can upset the pH balance of the blood, resulting in blood that is too basic. Explain
why.

https://www.ck12.org/c/biology/regulation-of-breathing/
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