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CHAPTER 2 – THE LUNGS
Introduction
The respiratory system is a quick and direct avenue of entry for toxic materials into the body because of its intimate association with the circulatory system and the constant need to oxygenate human tissue cells.

Humans can survive for weeks without food and for days without water but for only a few minutes without air.
Each living cell in the body requires a constant supply of oxygen.

Some cells are more vulnerable than others (e.g., brain, heart) and may die after only 4–6 minutes without oxygen.

These cells cannot be replaced, so any damage is permanent.

Other cells are not so critically dependent on an oxygen supply (either because they require less oxygen, or because they can be replaced).

Respiratory System Anatomy
The human respiratory systems include the nose, pharynx, larynx, trachea, bronchi, and the lungs.
Nose

external portion

upper part fixed in position; lower part flexible

internal portion

nasal septum – narrow partition that divides the nose into right and left nasal cavities

nasal cavities – open to the outside through the nostrils, open to the inside through 




the turbinates
vestibule
front portion – lined with skin and coarse hairs that serve to trap dust particles

rear portion – the lining changes from skin to a ciliated mucous membrane 

nasal mucosa
mucus

surface of the interior nose (from the rear vestibule) covered with mucous membranes that secrete a fluid called mucus

gives up heat and moisture to incoming air

serves as a trap for bacteria and dust

cilia

surface also covered with hair-like filaments that move in coordinated waves to propel mucus and trapped particles toward the nostrils

turbinates
purpose is to increase the amount of tissue surface so that incoming air has an opportunity to be conditioned (warmed, humidified)

Note:
Respiration begins with the nose, which was specifically designed for the 


purpose.





Can breathe through the mouth; however, mouth was not designed for 





breathing.

Pharynx
From the nasal cavity, air moves into the throat (pharynx).
A total of seven tubes enter the pharynx:

two from the nasal cavity













two from the eustachian tubes (ears);













the mouth;













the esophagus; and













the trachea (windpipe).

Walls of the pharynx are composed of skeletal muscle and lining consists of mucous membrane.

At the bottom of the pharynx (throat) are the esophagus (food pipe – back) and the trachea (wind pipe - front).

Makes it possible to breath through the mouth when the nasal passages are blocked.

The larynx is lined with ciliated mucous membrane (except for the vocal cords), and the cilia move mucus (and particles) up to the pharynx.

oropharynx
Part of throat behind the mouth.

nasopharynx

Lies just below the nasal cavity and above the pharynx.

Continues to be lined with ciliated mucosal membrane.

Immediately beneath the mucosa are lymphoid tissues – part of the immune system and first defense against infectious organisms.

epiglottis

A thin, leaf-shaped structure that helps food glide from the mouth to the esophagus.

When food is swallowed, the larynx rises against the base of the tongue, sealing the epiglottis over the larynx.

Any contact of sizeable food or water against the trachea sets off a cough response.

Larynx

The larynx (voice box, Adam’s apple) serves as a passageway between the pharynx and the trachea.

Its unique structure allows it to function like a guard at the entrance of the windpipe; controlling air flow and preventing anything but air from entering the lower passages.
vocal cords

Exhalation of air through the larynx is controlled by voluntary muscles that control the vocal cords (folds of membranes).

Normally held against the walls of the larynx, contracting muscles cause the vocal cords to swing over the center of the tube . . . adjusting the tension is what creates different pitched sounds.

Infections of the throat and nasal passages change the shape of the resonating chambers and, in turn, change the voice (hoarse).

If the membranes of the larynx are affected (laryngitis), speech may be reduced to a whisper.

Trachea

Extends from the bottom of the larynx, through the neck, and into the chest cavity.
The trachea is lined with ciliated mucous membrane.

Rings of cartilage hold the trachea and bronchi open, otherwise they would collapse.

Note: Think of the suction pipes on pumps (what would happen w/o ridges).

Bronchi

At its lower end, the trachea splits into two branches – the bronchi.

Each bronchus enters the lung on its side of the body.

The bronchi are lined with ciliated mucous membrane.

The right side is wider and shorter than the left, and its path is nearly the same as the trachea, which is why most aspirated material enters the right lung.

bronchial tree

After it enters the lung, each bronchus divides and subdivides into increasingly smaller tubes.

The smaller branches are called bronchioles and are lined with circular muscles that can alter the size of the tube.

Lungs

The lungs are suspended within the thoracic cage by the trachea, by arteries and veins running to the heart, and by pulmonary ligaments.

The two lungs differ:  the right lung is larger and divided into three lobes; the left is divided into two lobes.

pleura

The lungs are covered by the double pleural membrane.

One part of the pleural membrane lies over the lungs; the other lines the chest cavity, and they are separated by a thin layer of fluid that prevents the two parts from rubbing against each other.

Inflammation of the pleura can cause sharp chest pain (pleurisy).

alveoli

After many subdivisions, the last bronchiole (terminal bronchiole) from which multiple respiratory bronchioles branch off.

Each respiratory bronchiole leads to several ducts, each of which ends in a cluster of air sacs known as alveoli.

The walls of alveoli are only two cells thick, permitting gases to be exchanged across the layer.

The blood coming to the lungs has a lower partial pressure of oxygen than the inspired air, so the direction of oxygen movement will be into the bloodstream.

Likewise, the partial pressure of carbon dioxide in the bloodstream will be higher than that of the inspired air, so the direction of carbon dioxide movement will be from the bloodstream.

Note:
In total, the respiratory tract from the trachea will branch 25–100 million times.

These branches terminate in some 300 million alveoli (some estimates as high as 700 million).

Each day, the average person will breathe in about 900 ft3 of air – about 1 quart of air each breath.
Discussion:
How big is a micrometer (micron)?




Imagine the Earth (8000 miles/12800 km in diameter).






12800 km × 1000 m = 12,800,000 m









    km






12,800,000 m ÷ 1,000,000 = 12.8 m (~42 ft)





The width of a standard doorway is about 1 m.





1 m = 1000 mm and 1 mm = 1000 μm
Note:
Brief description of equivalent particle size.

Comment:
The respiratory tract is a highly efficient dust collector.

Almost all particles larger than 4–5 μm are deposited.

About half of particles of 1 μm size appear to be deposited and the other half exhaled.

Particles >2.5–3 μm are deposited primarily in the upper respiratory system (nasal cavity, trachea, bronchial tubes).
Particles <2.5 μm are deposited more efficiently in the alveoli.

Respiration
The process by which the body exchanges gases with the environment.
For humans, this involves oxygen supply and carbon dioxide removal.

The general subdivisions of the overall process are:


breathing (movement of the chest/lung complex to ventilate the alveoli)


external respiration (exchange of gas between lung air and blood)

internal respiration (exchange of gas between blood and tissue cells)


intracellular respiration (ultimate utilization of oxygen within cells and release of carbon dioxide)

Gas Exchange

Gases diffuse rapidly from areas of higher to lower concentrations.

Because the concentration of oxygen is higher in the alveoli than it is in the blood coming to the lungs, oxygen will diffuse across the permeable membrane of the alveoli (rem. 2 cells thick)

Some of this oxygen will bind to hemoglobin, but a small portion will simply be in solution in the blood.
Oxygen in solution is available for immediate diffusion into cells.

Once this oxygen moves into the cells, the amount of oxygen in solution in the bloodstream declines.

At this point, hemoglobin will release its oxygen into solution.

Carbon dioxide is transported as a dissolved gas through the bloodstream.

Mechanics of Breathing

The basic principle underlying the movement of any gas is that it travels from an area of higher pressure to an area of lower pressure or from an area of greater concentration of molecules to an area of lower concentration of molecules.

Breathing is accomplished by changes in the size of the chest cavity.
The entire rib cage forming the walls of the chest is flexible and can be expanded by muscles.

The diaphragm lies at the bottom of the cavity.

Atmospheric pressure is the pressure exerted against all parts of the body by the surrounding air (~760mm/Hg at sea level).

Intrapulmonic pressure is the air pressure within the bronchial tree and the alveoli.

During inspiration (inhalation), the diaphragm and rib cage muscles contract.

The diaphragm moves downward (enlarging the chest cavity) and the rib cage moves upward (enlarging the chest cavity).

This enlargement reduces the pressure within the chest and atmospheric air pressure forces air into the lungs.

During expiration (exhalation), the diaphragm and rib cage muscles relax.

This decreases the size of the chest cavity, resulting in increased pressure, which drives air out through the trachea.

Control of Breathing

Breathing is controlled by a series of respiratory centers in the nervous system.

While normally controlled subconsciously, nerve impulses from the cerebral cortex travel through the respiratory center and enable us to consciously alter the rate and depth of breathing.

Voluntary control is limited, and the respiratory center will ignore messages from the cortex when breathing is necessary to meet the body’s basic needs.

Generally, the depth and rate of breathing are regulated for the maintenance of CO2 in the arterial blood (although deficiencies in O2 can also be a trigger).

Example:
Yawning!

Lung Volumes and Capacities

The total capacity of the lung at full inspiration is divided into several functional subunits.
The four lung volumes do not overlap:

tidal volume (TV)

the volume of gas inspired or expired during each respiratory cycle

inspiratory reserve volume (IRV)

the maximum volume that can be forcibly inspired following a normal inspiration

expiratory reserve volume (ERV)

the maximum amount of air that can be forcibly expired following a normal expiration

residual volume (RV)

the amount of air remaining in the lungs following a maximum expiratory effort

The lung capacities overlap (include two or more of the primary volumes):

total lung capacity (TLC)

the sum of all four of the primary lung capacities

inspiratory capacity (IC)

the maximum volume by which the lung can be increased by a maximum inspiratory effort from midposition

vital capacity (VC)

the maximum amount of air that can be exhaled from the lungs after a maximum inspiration

function residual capacity (FRC)

the normal volume at the end of passive exhalation

Spirometry

The measurement of air using a spirometer to measure the ventilatory capacity of the lungs and comparing them to time to develop a flow rate.

Impaired ability to move air into and out of the lungs results in:

obstructive ventilatory defect

reduction in airflows and a prolonging of expiration
(e.g., asthma, chronic obstructive pulmonary disease – COPD),

restrictive ventilatory defect

decreased ability to take a deep breath due to scarred, less flexible lungs
(e.g., pneumoconiosis – asbestosis, silicosis, black lung)
Hazards
Rhinitis

Inflammation of the membrane lining of the nasal passages (viral infections, allergies, inhalation of noxious substances).
Laryngitis

Inflammation of the larynx.
Asthma

Reversible narrowing of the airways in response to irritation.
Atelectasis
Incomplete expansion of the lungs caused by occlusion of a bronchus (mucus plug, tumor).
Emphysema (from Greek – over inflation)

Cigarette smoke and some occupational agents (e.g., coal dust, cadmium fumes) can cause destruction of alveolar walls.

Chronic inflammation of the bronchioles (bronchiolitis) and bronchi (bronchitis) are also commonly present.

The inflamed airways tend to become narrowed due to a buildup of mucus, swelling of the lining membrane, and enlargement of the surrounding muscles.

Air flows into the alveoli easily, but cannot flow out easily because of the narrowed diameter of the bronchioles

As pressure builds up in the alveoli, their thin walls are stretched and rupture.

This results in several air sacs combining into one, which reduces the surface area, thereby reducing gas exchange.
Pleurisy

Results when the inner and outer pleural linings lose their lubricating properties.
The resultant friction causes irritation and pain.

Pneumonitis

Any inflammation of the lung.

Essentially equivalent to pneumonia, a term that is reserved for infectious inflammation.

Chronic bronchitis

Persistent inflammation of the bronchi.

Smoking is the most common cause, but occupational exposure to irritation vapors, dusts, gases, or fumes can also cause this condition.

Pneumoconiosis

A general word for various pulmonary manifestations of dust inhalation--whether the dust is harmful or not.

The typical pathological condition in harmful pneumoconiosis is scarring in the lung tissue.

Two common forms are silicosis and asbestosis.

Fate of Inhaled Air Contaminants
The fate of an inhaled air contaminant depends on its size, solubility, and chemical reactivity.

Generally, larger particles tend to be deposited in the upper airways, trachea, and bronchi, while smaller particles (<3 μm) tend to deposit in the smaller airways and alveoli.

Generally, more soluble and reactive substances tend to get absorbed onto the moist mucous membranes of the upper airway, trachea, and bronchi.

Less soluble reactive gases cause less irritation of the mucous membrane so they provide less “mucous membrane warning”.

Any reactive substance inhaled into the deep lung will inflame the alveoli.

If the chemical injury to the alveoli is severe enough, they may be flooded with inflammatory material (pulmonary edema).

Where there is pulmonary edema, there is a dramatic reduction in gas exchange.

Most of the particles that reach the deep lung are engulfed by macrophages that migrate next to the airways and are either expectorated or swallowed.
Once in the deep lung, chemical components in particles can be absorbed into the bloodstream.

The lung is very efficient at absorbing gases.

Inhaled contaminants that adversely affect the lungs fall into three categories.

aerosols and dusts (may produce tissue reaction and/or disease)
Inhalation of sufficient quantities of dust (regardless of its chemical composition) can cause choking or coughing and may accumulate in the lungs.
Depending on its composition, dust may cause and allergic or sensitizing reaction.

Depending on both its size and chemical makeup, dust can by physical irritation or chemical action, damage the airway and/or the lungs.

(e.g., fibrous – asbestos, nonfibrous – silica)

toxic gases (may produce direct tissue injury)
Some industrial gases are both soluble and reactive produce immediate irritation and inflammation of the entire respiratory tract (e.g., ammonia, hydrogen fluoride, sulfur dioxide).
Less soluble gases (e.g., nitrogen dioxide, phosgene, ozone) primarily affect the deep lung where they may produce pulmonary edema within a few hours.

toxic aerosols or gases (that do not affect lung tissue but are absorbed and transported to other organs)

Carbon monoxide is transferred from the lungs to the bloodstream (resulting in oxygen starvation), but the lungs are not affected.

Natural Defenses
Mucous lining

The lining of the nasal cavity and throat passages warm and humidify (providing defense against overly cold or overly dry air).
Cilia
Wave in synchrony to move particles.

Combined with the mucus (mucociliary escalator), move foreign substances up and out of the system to the throat (expectorated or swallowed).

In a healthy lung, aerosols can be carried out of the system in a few hours (~16 hours after an 8-hour exposure).

Physical Impaction

Particles will land on, and become stuck to, the mucus due to branching of respiratory tree.
Muscular Contractions

Rapid contractions of certain muscles upon irritation restrict the airflow and minimize the intake of irritants (cough, sneeze).

Macrophages

Because only fine particles are likely to reach the alveoli, fine aerosols are potentially more harmful than larger aerosols.

Particles deposited in the alveoli will be scavenged by macrophages.
Once laden with foreign matter, the macrophages can:

migrate to the bronchioles (hitch a ride on the mucociliary escalator)

pass through the alveolar membrane into the lymph vessels

be destroyed (if the contaminant is toxic), and break up, re-releasing the particles

Note:
If the particles are not removed, they can form a deposit in and around the 



alveoli.

Such deposits may or may not affect the health of the lungs over time.

All of the defense mechanisms are subject to some deterioration and slowing with age or ill health.

Thus, older workers are at a greater risk than younger workers given the same exposure.
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