
   
 

 

CAPS	422	-	Mammalian	Respiratory	Physiology	
 
	
	
Lecturer		Sally	Osborne	Ph.D.					email	sally.osborne@ubc.ca	 Web	 sallyosborne.com	

	 	
	
Textbook		Pulmonary	Physiology	by	Michael	G.	Levitzky.		Multiple	hardcopies	are	placed	on	the	course	
reserve	list	at	Woodward	Library	or	access	the	electronic	version	at	UBC	library	using	your	CWL	login.	
	
	
Assessment		(Respiratory	section)	
70%	Midterm	Exam		
30%	Group	Presentation	
100%	Respiratory	portion	of	the	course	
	
	
Midterm	Exam	on	the	content	of	the	respiratory	lectures	only	consisting	of	short	and	long	answer	
questions,	and	choice	of	full-length	essay	question.	The	exam	will	be	100	minutes	long.	
	
	
Group	Presentation		
Student	teams	will	create	and	present	a	20	minute	oral	presentation	to	the	class	followed	by	a	5	minute	
question	and	answer	period.	Talks	will	be	timed.	Practice	your	presentation	several	times	to	ensure	you	
do	not	go	overtime.	Presentation	PowerPoint	slides	are	due	in	pdf	format	the	Sunday	prior	to	the	week	
of	student	presentations	at	midnight.		You	should	email	them	to	sally.osborne@ubc.ca.	If	the	
presentation	slides	are	not	submitted	on	time	20%	will	be	deducted	from	the	presentation	mark.	I	will	
mark	your	presentation	based	on	the	rubrics	provided	below	(faculty	presentation	mark).	In	addition,	
each	member	of	team	will	provide	a	mark	for	the	others	individuals	in	their	group	based	on	the	level	of	
contribution	of	each	individual	to	the	group	project	(peer	contribution	mark).	Your	presentation	mark	will	
be	the	based	on	the	faculty	presentation	mark	and	the	average	peer	contribution	mark	weighed	equally.	
Presentation	topics	will	be	randomly	assigned	to	the	groups.	
	
The	mark	for	the	respiratory	portion	of	the	course	reflects	50%	of	your	mark	for	CAPS	422.	The	other	50%	
of	the	course	mark	is	based	on	the	cardiovascular	portion	of	the	course.		
	
Learning	objectives	&	handouts	for	the	respiratory	sessions	are	posted	below.	Cardiovascular	objectives	
will	be	distributed	after	the	midterm	break.	Respiratory	lectures	handouts	are	available	online	on	Canvas	
or	directly	by	chosing	the	course	tab	on	sallyosborne.com.	Common	symbols	in	respiratory	physiology	will	
be	used	throughout	the	lectures	and	in	handouts.	These	are	listed	below.	You	are	expected	to	be	familiar	
with	their	usage	and	be	able	to	use	them	correctly	in	your	examination	papers.	
	

	



   
 

 

Presentation	Rubric

	

Category	

	

Distinguished	

	

Intermediate	

	

Needs	work	

	
	

	
Organization	

5	

	
• Engaging	&	thought	provoking.		
• States	the	main	topic	of	the	

seminar.		
• Previews	the	structure	of	the	

presentation	
• Provides	clear,	concise	

description	&	explanation	of	the	
topics	explored.	Smooth	
transition	between	
ideas/concepts.			5	

	
• States	the	main	topic	of	the	

presentation.		
• An	incomplete	preview	of	

presentation	
• An	incomplete	explanation	

of	topics	explored.	
• Transition	between	

ideas/concepts	often	
inadequate.			3	

	

	
• An	unfocused	

introduction	
• Incomplete	preview	of	

presentation	structure.	
• Incomplete	

exploration	of	topics.			
• Poor	transition	

between	ideas.		1	

	
	
	

Content	
15	

	
• Information	is	complete	and	

accurate.		
• Clear	evidence	of	research.		15	

	
• Information	is	inaccurate	or	

incomplete.		
• Research	component	is	less	

evident	than	in	the	
distinguished	category.				10	

	
• Lacks	evidence	of	

research.			
• Details	&	examples	are	

lacking	&	not	well	
chosen	for	the	topic	or	
audience.		5	

	
	

Presentation	
5	

	
• Rate	&	volume	of	speech	is	

appropriate.	
• There	is	eye	contact	with	the	

audience.		
• No	distracting	nervous	habits.		
• Presenter	is	not	using	notes	
• Visual	aids	are	well	done	&	

make	the	presentation	more	
interesting	and	meaningful.		

• Clear	indication	of	audience	
being	engaged.		

• Clear	summary	provided.	
• Uses	the	allotted	time.		5	
	

	
• Volume,	rate	of	speech	&	

eye	contact	are	appropriate	
most	of	the	time	not	always	

• Mildly	distracting	nervous	
habits.		

• Presenter	reads	from	notes	
• Good	visual	aids	but	do	not	

inspire	engagement	of	
material/	distracting.	

• Slightly	over	or	under	the	
allotted	time.		

• Information	is	not	tied	
together	/	conclusion	is	
inadequate.		3	

	
• Presentation	is	difficult	

to	hear	and	follow.		
• Eye	contact	is	

inadequate.		
• At	least	one	presenter	

is	not	speaking	from	
the	head	rather	
reading	from	a	written	
script.	

• Poor	visual	aids.	0	
	

	

	
	
Ability	to	answer	

questions	
5	

	
Thoughtful	and	clear	answer	to	
questions.	Responds	in	a	thought	
provoking	way	suggesting	a	good	
grasp	of	the	topic.		5	

	
Able	to	answer	most	
questions	adequately	and	
highlight	state	ones	the	
answer	to	which	either	does	
not	know	or	is	unknown.		3	
	

	
Unable	to	answer	
questions	in	a	
meaningful	way.		0	



   
 

 

COURSE	OBJECTIVES	(RESPIRATORY)	
	

	

1.					Mechanics	of	Breathing	(Statics)		[Levitzky,	Ch.	1	&	2	]		

1.1 Define	and	be	able	to	identify	the	following	lung	volumes	and	capacities	on	a	spirogram:	tidal	
volume	(VT),	residual	volume	(RV),	inspiratory	reserve	volume	(IRV),	expiratory	reserve	volume	
(ERV),	vital	capacity	(VC),	total	lung	capacity	(TLC)	and	functional	residual	capacity	(FRC).	

1.2 Describe	the	two-compartment	model	of	the	lungs	and	define	FRC	in	relation	to	the	elastic	recoil	of	
the	lungs	and	the	chest	wall	and	in	relation	to	the	transmural	pressure	across	these	two	
compartments.	Specify	the	alveolar,	intrapleural	and	atmospheric	pressures	at	FRC	under	static	
conditions	when	there	is	no	airflow	in	or	out	of	the	lungs.	

1.3 Describe	the	changes	in	alveolar	pressure	(PA),	intrapleural	pressure	(Ppl),	atmospheric	pressure	
(Patm)	and	transpulmonary	pressure	(PL)	during	a	single	respiratory	cycle	during	normal	quiet	
breathing	(eupnea)	and	relate	swings	in	intrapleural	pressure	to	the	two	forces	the	inspiratory	
muscles	must	overcome	to	inflate	the	lungs.		

1.4 Describe	the	generation	of	a	pressure	gradient	between	the	atmosphere	and	alveoli.	In	your	
description	state	the	relevance	of	Boyle’s	Law	and	include	the	function	of	the	main	respiratory	
muscles	involved	both	during	a	normal	quiet	tidal	breath	and	during	forced	expiration.	

1.5 Describe	how	static	lung	compliance	is	measured	with	reference	to	the	pressure-volume	curve	of	
the	lung	obtained	during	deflation	of	the	lungs	from	TLC	to	FRC.		Contrast	this	relationship	to	the	
pressure-volume	curve	of	a	stiff	lung	(low	compliance)	and	the	pressure-volume	curve	of	a	highly	
distensible	lung	(high	compliance)	encountered	in	disease	states.		Describe	the	effect	of	changes	in	
lung	compliance	in	disease	states	on	FRC.	

1.6 Discuss	the	factors	that	influence	the	static	compliance	of	the	lungs.	

1.7 Distinguish	between	static	and	specific	compliance	and	describe	what	information	can	be	derived	
knowing	both	values	in	an	individual.	

1.8 Discuss	the	key	findings	that	have	led	to	our	understanding	of	the	role	of	surface	tension	and	
pulmonary	surfactant	in	the	mechanics	of	breathing.	

1.9 Specify	the	components	of	pulmonary	surfactant	and	our	understanding	of	their	function.	

1.10 Identify	conditions	where	chest	wall	compliance	is	altered.		

1.11 Draw	the	static	PV	curves	of	the	lungs,	chest	wall	and	respiratory	system	from	RV	to	TLC	and	how	
interactions	between	the	chest	wall	and	the	lungs	determine	lung	volume.	

1.12 Explain	why	FRC	is	reduced	when	moving	from	the	sitting	to	supine	position;	in	pregnancy;	in	
obesity	and	in	bilateral	paralysis	of	the	diaphragm.	

2.						Mechanics	of	Breathing	(Dynamics)		[Levitzky,	Ch.	2]	

2.1 Identify	the	key	resistive	force	opposing	movement	of	air	in	and	out	of	the	lungs	and	describe	its	
overall	value	as	well	the	contribution	of	airway	generations	to	total	resistance	in	healthy	individuals.	

2.2 Describe	the	three	patterns	of	airflow	typically	found	in	the	airways	and	their	characteristics.	



   
 

 

2.3 Compare	the	relationship	between	driving	pressure,	flow	and	airway	resistance	in	laminar	and	
turbulent	flow	conditions	and	specify	the	physiologic	significance	of	the	different	relationships.	

2.4 Define	the	Reynolds	number	and	specify	its	significance	to	pattern	of	airflow.	

2.5 Describe	both	active	and	passive	control	of	the	airway	caliber.	In	your	description,	include	the	key	
neural	pathways	controlling	airway	function.	

2.6 Describe	how	resistance	to	airflow	is	indexed	clinically	by	measuring	maximal	airflow	during	a	
forced	vital	capacity.	

2.7 Define	the	variables	obtained	from	the	expiratory	flow	volume	curve	and	their	significance	in	
determining	airway	function.		

2.8 Using	the	equal	pressure	point	hypothesis,	apply	the	concept	of	dynamic	compression	of	airways	
during	forced	expiration	to	explain	the	concept	of	“flow	limitation”	and	“effort	independence”	of	
expiratory	flow.	

2.9 Specify	the	determinants	of	maximal	expiratory	flow	and	describe	how	each	of	these	factors	can	be	
affected	by	a	disease	state.	

2.10 Describe	the	“normal”	flow	volume	loop	profile	and	the	profiles	found	in	fixed	and	variable	intra	
and	extra-thoracic	airway	obstructions.	Provide	the	physiologic	basis	for	the	abnormal	profiles.	

3.					Distribution	of	Alveolar	Ventilation	[Levitzky,	Ch.	3]	

3.1		 Describe	the	relationship	between	minute	ventilation,	alveolar	ventilation,	anatomic	dead	space	
and	physiologic	dead	space.	

3.2		 Describe	two	methods	used	to	measure	dead	space	and	explain	why	a	discrepancy	in	the	value	of	
dead	space	obtained	between	the	two	methods	is	significant.	

3.3		 Distinguish	between	physiologic	and	alveolar	dead	space.	

3.4		 Define	the	respiratory	quotient	[RQ]	and	the	respiratory	exchange	ratio	[RER]	.	Describe	the	basis	
for	difference	found	in	R	in	healthy	subjects	at	rest,	during	exercise	and	in	patients	on	intravenous	
glucose.	

3.5		 List	the	partial	pressure	of	oxygen	and	carbon	dioxide	in	the	alveoli	and	specify	their	significance	in	
gas	exchange.	Predict	the	change	in	these	partial	pressures	under	the	following	conditions	1)	no	
perfusion	to	the	alveolar	unit.	2)	no	ventilation	to	the	alveolar	unit.	

3.6		 Derive	the	alveolar	ventilation	equation	and	discuss	the	factors	determining	alveolar	PCO2.	

3.7		 Distinguish	between	hypoventilation,	hyperventilation,	hypopnea	and	hyperpnea.	

3.8		 Use	correct	terminology	in	reference	to	terms	used	to	describe	ventilation	and	breathing	patterns.	

3.9		 State	the	alveolar-air	equation	and	discuss	the	factors	determining	alveolar	PO2.	

3.10		 Use	the	alveolar-	air	equation	to	predict	the	alveolar	partial	pressure	of	oxygen	at	about	8,000	feet.	

3.11		 Describe	the	regional	distribution	of	ventilation	and	provide	a	brief	explanation	of	how	it	is	
measured.	

3.12		 Relate	the	intrapleural	pressure	gradient	in	the	upright	lung	to	the	static	pressure	volume	curve	of	
the	lungs	to	describe	regional	alveolar	size	and	alveolar	compliance	at	FRC	and	explain	the	greater	
alveolar	ventilation	to	the	base	of	the	upright	lungs.		How	would	your	description	differ	if	the	lungs	



   
 

 

are	inflated	from	RV?	How	would	your	description	differ	if	a	person	breathes	from	FRC?	How	would	
your	description	differ	in	a	subject	in	left	lateral	decubitus	position?	

4.			Distribution	of	Pulmonary	Blood	Flow-	Ventilation	Perfusion	Mismatch	[Levitzky,	Ch.	4	&	5]	

4.1 Specify	the	two	sources	of	blood	flow	to	the	lungs.	

4.2 Compare	and	contrast	the	vascular	pressures	in	the	pulmonary	and	systemic	circulations.	Provide	an	
anatomic	explanation	for	the	lower	pressures	found	in	the	pulmonary	circulation.	

4.3 Explain	how	pulmonary	vascular	resistance	(PVR)	is	measured	and	calculated.		

4.4 Describe	the	effect	of	increasing	lung	volume	on	the	alveolar	and	extra	alveolar	vessel	contribution	
to	PVR.	

4.5 Describe	the	role	of	distention	and	recruitment	in	determining	PVR.	

4.6 Summarize	the	role	of	passive	factors	(lung	inflation,	pulmonary	vessel	distention	and	recruitment)	
in	determining	PVR.	

4.7 	Compare	the	effect	of	low	alveolar	oxygen	on	pulmonary	vessels	versus	low	blood	oxygen	on	
systemic	vessels	and	the	physiologic	significance	of	this	difference.		

4.8 Define	hydrostatic	pressure	and	the	relative	arterial,	alveolar	and	venous	pressures	in	the	three	
zones	of	the	upright	lung.	

4.9 	Specify	the	driving	pressure	for	blood	flow	in	each	of	the	three	zones	of	the	lungs	and	describe	the	
regional	distribution	of	this	blood	flow	at	rest,	during	exercise	and	in	conditions	where	mean	arterial	
pressure	is	low	[acute	hemorrhage	or	during	PEEP].	

4.10 Describe	graphically	the	relationship	between	lung	height	and	1)	ventilation	2)	perfusion	and	3)	the	
V/Q	ratio	in	the	up	right	lungs.	

4.11 Compare	the	partial	pressure	of	respiratory	gases	in	an	“ideal	alveolar	unit”	to	1)	a	shunt	unit	
(V/Q=0)	and	2)	dead	space	unit	(V/Q=	∞)	and	predict	the	consequences	of	the	regional	differences	
in	the	ventilation	and	perfusion	ratio	on	PACO2	and	PAO2	in	the	normal	upright	lung.	

4.12 	Distinguish	between	regional	variations	in	partial	pressure	of	respiratory	gases	in	the	alveoli	in	the	
upright	lung	and	regional	variations	in	the	quantity	of	blood	and	airflow.	

5. Mechanisms/Causes	of	Hypoxemia	[Levitzky,	Ch.6,	Ch.	8]	

5.1	 Distinguish	between	hypoxia,	hypoxemia,	anoxia	and	asphyxia.	

5.2	 Specify	the	normal	range	for	P(A-a)O2	[a.k.a.	alveolar-arterial	oxygen	difference,A-aDO2	,	and	the	
alveolar-arterial	oxygen	gradient];	determine	how	it	is	calculated	and	what	it	quantifies.	

5.3	 Discuss	the	five	major	causes	of	hypoxemia:	hypoventilation,	low	inspired	PO2,	right	to	left	shunt,	
diffusion	impairment	and	ventilation-perfusion	mismatch	and	explain	how	they	may	be	
distinguished	from	one	another	in	a	clinical	setting.	

6.			Control	of	Breathing	[Ch.9]	
6.1 Describe	the	chemoreceptors	involved	in	the	control	of	breathing,	including	the	site	of	the	

receptors,	their	adequate	stimulus	and	the	effect	of	their	stimulation.	

6.2 Describe	how	the	cerebrospinal	fluid	(CSF)	is	formed	and	secreted,	its	buffering	properties,	and	its	
role	in	control	of	ventilation.	



   
 

 

6.3 Describe	and	illustrate	graphically	the	effects	of	hypercapnia	and	hypoxia	on	minute	ventilation	and	
discuss	the	factors	that	modify	these	relationships.	

6.4 In	historic	context,	discuss	the	development	of	hypotheses	regarding	signal	transmission	by	the	
glomus	cell.	

6.5 List	the	major	mechanoreceptors	in	the	lungs;	identify	their	location,	major	properties	and	reflex	
effects.	

6.6 List	the	major	sensory	receptors	in	the	upper	airways;	identify	their	location,	afferent	pathway,	and	
reflex	effects.	

6.7 Identify	the	muscles	of	respiration,	their	innervation,	and	when	these	muscles	are	typically	
activated.	

6.8 Describe	the	central	organization	of	the	respiratory	control	system	referring	to	the	locations	of	the	
respiratory-related	(RRN)	neurons	and	their	potential	axonal	projections.		

6.9 A	dual	control	system	one	voluntary	and	the	other	automatic	regulates	breathing.	Provide	three	
examples	that	reveal	the	role	of	a	voluntary	system.	

7. Lung	Development	&	Respiratory	Physiology:	Fetus	&	Pregnancy	(class	notes)		

7.1	 Describe	the	key	structural	phases	associated	with	the	prenatal	development	of	the	lungs	and	the	
importance	of	development	of	the	trachea-esophageal	septum	

7.2		 Describe	the	embryonic	development	of	the	lungs	and	the	pleural	cavity.	

7.3		 Describe	the	milestones	of	prenatal	lung	development	and	differentiation	in	terms	of	the	
pseudoglandular,	canalicular,	saccular	and	alveolar	periods.	

7.4		 List	the	key	steps	for	transition	to	independent	breathing	and	the	main	factors	governing	normal	
lung	development	during	this	period.	

7.5	 Identify	the	factors	affecting	static	lung	volumes.	Specify	the	changes	in	lung	volume	during	normal	
pregnancy	caused	by	the	enlarging	uterus	and	explain	the	underlying	factors	associated	with	
changes	in	inspiratory	capacity	(IC)	and	functional	residual	capacity	(FRC).	

7.6		 Know	the	partial	pressures	of	oxygen	where	the	Hb	molecule	is	100%	saturated,	90%	saturated,	
75%	saturated	and	50%	saturated	and	relate	these	to	the	oxygen	environment	of	the	alveoli	of	the	
lungs,	mixed	venous	blood	arriving	at	the	lungs	for	gas	exchange,	arterial	blood	leaving	the	lungs	
upon	completion	of	gas	exchange	and	the	average	partial	pressure	of	oxygen	in	tissues.	

7.7	 Describe	the	physiologic	significance	of	the	sigmoidal	shape	of	the	oxyhemoglobin	dissociation	
curve	in	terms	of	oxygen	transport.	Consider	both	Hb	loading	of	oxygen	at	the	lungs	and	unloading	
of	oxygen	and	its	release	at	the	tissues.	

7.8	 	Specify	the	effect	of	temperature,	carbon	dioxide,	pH	and	2,3	BPG	in	affinity	of	the	Hb	molecule	for	
oxygen.	Provide	examples	related	to	the	exercising	muscle,	hypothermia	and	placental	gas	
exchange.	

7.9	 Explain	the	role	of	2,3	BPG	molecule	in	placental	gas	exchange.	

7.10	 Compare	and	contrast	the	oxyhemoglobin	dissociation	curve	of	the	adult	Hb,	fetal	Hb	and	
myoglobin	and	explain	the	physiologic	benefic	of	their	relative	Hb	affinities.	



   
 

 

7.11			Explain	why	during	the	first	few	months	of	life,	the	affinity	of	blood	for	oxygen	is	closer	to	adult		
											despite	presence	of	very	high	amounts	of	fetal	hemoglobin	

8. Breathing	During	Sleep	
8.1 Describe	the	pattern	of	breathing	during	NREM	and	REM	sleep	in	healthy	adults.	

8.2 Describe	the	change	in	the	ventilatory	response	to	CO2	and	in	the	reflex	response	to	airway	irritants	
that	takes	place	during	sleep.	

8.3 Identify	the	arousal	mechanisms	that	protect	the	sleeper.	

8.4 Explain	why	the	upper	airway	patency	may	become	compromised	during	sleep.	

8.5 Define	sleep	apnea	and	describe	the	three	types	of	sleep	apnea	characterized	in	clinical	settings.	

8.6 Explain	how	in	a	laboratory	setting	the	difference	between	central,	obstructive	and	mixed	sleep	
apneas	is	distinguished.	

9.				Diving	&	The	Respiratory	System		[Ch.11]	Not	examinable	(see	student	presentations)		

9.1	 Describe	the	major	physiological	stresses	associated	with	diving.	

9.2	 State	the	key	physical	principle	affecting	gas	pressures	during	diving.	

9.3	 Describe	the	cause	and	provide	examples	of	barotrauma	during	diving.		

9.4	 Explain	why	divers	can	suffer	decompression	sickness	and	discuss	its	prevention	and	treatment.	

9.5	 Describe	the	symptoms	of	nitrogen	narcosis.	

10.		Breathing	During	Ascent	To	High	Altitude	[Ch.11]	

10.1	 Explain	why	inspired	levels	of	oxygen	decrease	with	increased	elevation.	

10.2	 Describe	the	effects	of	decreased	inspired	levels	of	oxygen	on	the	sensory	and	mental		
function	of	individuals	with	gradual	ascent.	

10.3	 Describe	the	symptoms	of	Acute	Mountain	Sickness	(AMS),	Chronic	Mountain	Sickness	and	High	
Altitude	Pulmonary	Edema	(HAPE).	

10.4	 Describe	the	physiologic	changes	that	take	place	during	acclimatization	to	high	altitude.	

	

	

	

	

	

	

	

	

	



   
 

 

 
Common symbols used in 
respiratory physiology 
 
 
Primary Symbols denoting physical quantities 
P pressure, tension or 
        partial pressure of a gas  
V volume of a gas 
F fractional concentration of a gas  
Q volume of blood 
C     content 
 
Secondary Symbols denoting gas location  
I   inspired gas          a  arterial blood 
E  expired gas  v   venous blood 
A  alveolar gas  c   capillary blood 
      
   
Tertiary Symbols indicating particular gases  
O2=oxygen 
CO2 =carbon dioxide 
N2=nitrogen 
 
In addition  
 
  .    denotes time derivative of a physical quantity    
       (the given quantity per unit time) 

 
�      denotes  average (mean) 
 
  ʹ     denotes  end capillary  
 
Examples of Respiratory Symbols 
. 
VE minute ventilation  
. 
VO2 oxygen consumption  
. 
VCO2 carbon dioxide production  

  
FEN2 fraction of expired nitrogen 
_  
v   mixed venous  
 
Bf breathing frequency 
 
VT tidal volume 
 
VD   volume of dead space 
 
PAO2 partial pressure of oxygen in the alveoli 
 
PaCO2 partial pressure of carbon dioxide in  
          arterial  blood 
 
CvO2  Oxygen content of venous blood 

 
The Laws Governing Behaviour of Gases 
 
Avogadro’s Hypothesis Equal volume of different gases at equal 
temperature contain the same number of molecules. Similarly, equal  
numbers of molecules in identical volumes and at the same temperature will 
exert the same pressure.  One mole of any gas will contain 6.02X 1023 
molecules and will occupy a volume of 22.4 liters at a temperature of O °C 
and a pressure of 760 mmHg. 
 
Ideal Gas Law                     PV =nRT   where 
R = universal gas constant =62.3656 L.mmHg/mole degree 
n= number of moles of gas present 
T is temperature in degrees Kelvin 

 The ideal gas law is the based on the following other laws that specify the 
relationship between the 3 factors affect the volume of a gas: pressure, 
temperature and amount. 
•  At a constant temperature the same amount of gas will decrease in 
volume with an increase in pressure  (Boyle’s Law) 
•  At constant pressure, the same amount of gas will increase in volume 
with an increase in temperature (Charles’ Law or Gay Lussac’s Law).  
Hence at a constant temperature and pressure, the same amount of gas 
will remain at constant volume; the only factor that would change the 
volume would be an increase in the number of moles of gas present.   

     
Dalton’s Law of Partial Pressures In a gas mixture the pressure exerted by 
each individual gas in a space is independent of the pressure of other gases 
in the same mixture. 
e.g. Total pressure of dry air = PO2 + PCO2 + PN2 
e.g.  Alveolar gas mixture): PA = PA H2O + PAO2 + PACO2 + PAN2 

 
Partial Pressure of a Gas in a Liquid Gases such as CO2, O2 and N2 that 
are in physical solution in a liquid such as plasma, continually escape from 
the liquid into the gas phase and may also return  to the liquid.  When the rate 
of a gas coming out of solution is equal to the rate at which it enters the 
solution, the system is in equilibrium for that gas and liquid. At equilibrium, 
the partial pressure of a gas in gas phase is equal to the partial pressure  (or 
tension) of the gas in liquid. 
 
Water Vapor When a gas is in contact with a liquid, and is in equilibrium 
(saturated) with the liquid, the partial pressure of the gas is a function of 
temperature. The one gas to which this applies in a normal respiration is 
water. The lungs and airways are always moist, and inspired gas is rapidly 
saturated with water vapor in the upper segments of the respiratory system. 
The temperature in the airways and lungs is almost identical with deep body 
temperature (approximately 37°C); at this temperature water vapor has a 
partial pressure of 47 mmHg. We can calculate partial pressure of oxygen 
and nitrogen in inspired air, after the gas mixture becomes saturated with 
water vapor in the upper airway (so-called tracheal air): Ptotal = 760 mmHg-
PH20  = 47 mmHg=713 mmHg for remaining inspired gases (21% O2 and 79% 
N2). 
 
PO2 = 0.21 · 713 = 150 mmHg      PN2 = 0.79 · 713 = 563 mmHg 
 
That is, since water vapor partial pressure must be 47 mmHg in a saturated 
gas mixture at 37°C, the total pressure remaining for the inspired gases is 
only 760-47 or 713 mmHg. The composition of this remaining gas is 21% O2 
and 79% N2, giving the partial pressures indicated above. 
 
Henry’s Law: The amount of a gas that dissolves in a specific volume of 
liquid with which it does not combine chemically is almost directly proportional 
to the partial pressure of that gas in gas phase and its solubility (Bunsen) 
coefficient.  Note that solubility coefficients differ for different gases and are 
temperature dependent. 



   
 

 

 


