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Objectives:

Define partial pressure of a gas, how is influenced by altitude.
. Understand that the pressure exerted by each gas in a mixture of gases is
independent of the pressure exerted by the other gases (Dalton's Law).

. Understand that gases in a liquid diffuse from higher partial pressure to

lower partial pressure (Henry’s Law).
. Describe the factors that determine the concentration of a gas in a liquid.

. Describe the components of the alveolar-capillary membrane (i.e., what does a

molecule of gas pass through).

. Identify the various factors determining gas transfer: - Surface area, thickness,

partial pressure difference, and diftusion coeficient of gas.

. State the partial pressures of oxygen and carbon dioxide in the atmosphere, alveolar
gas, at the end of the pulmonary capillary, in systemic capillaries, and at the

beginning of a pulmonary capillary.



Gas exchange at respiratory membrane

- After ventilation of the alveoli with fresh air the next step is the process called Diffusion of oxygen and
carbon dioxide across the respiratory membrane.
- The total quantity of blood in the capillaries of the lungs at any given instant is 60 to 140 ml.
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partial pressure of gases

=

molecules are transferred from regions of high
concentration
to regions of low concentration until they reach
equilibrium

The gases of physiological importance are 02,CO2.

The rate of diffusion of each of these gases is directly proportional to the
pressure caused by this gas alone which is called the partial pressure of the

gas.

Pressure is caused by the constant impact of kinetically moving
molecules against surface.eisish ooy (wdabus Lo 558 Laal) Laial
P=F/A
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Figure 39-1

Diffusion of oxygen from one end of a chamber (A) to the other
(B). The difference between the lengths of the arrows represents
net diffusion.




Explanation of Partial pressure of gases (in a
mixture)

The concept of partial pressure can be explained as follows:
Consider air, which has an approximate composition of 79% nitrogen and 21% oxygen. The total pressure of this
mixture at sea level averages 760 mmHg. It is clear from the preceding description of the molecular basis of pressure
that each gas contributes to the total pressure in direct proportion to its concentration.

->  Therefore, 79% of the 760 mmHg is caused by nitrogen (600 mmHg) and 21% by O, (160 mm Hg).

->  Thus, the “partial pressure” of nitrogen in the mixture is 600 mmHg, and the “partial pressure” of O, is 160

mmHg; the total pressure is 760 mm Hg, the sum of the individual partial pressures.
-> The partial pressures of individual gases in a mixture are designated by the PO,, PCO,, PN,, and so forth.

Diffusion of Gases Between the Gas Phase in Alveoli and
Blood

The partial pressure of each gas in the alveolar respiratory gas mixture tends to force molecules of that gas into
solution in the blood of the alveolar capillaries. Conversely, the molecules of the same gas that are already dissolved
in the blood are bouncing randomly in the fluid of the blood, and some of these bouncing molecules escape back into
the alveoli. The rate at which they escape is directly proportional to their partial pressure in the blood.

But in which direction will net diffusion of the gas occur?

The answer is that net diffusion is determined by the difference between the two partial pressures. If the partial
pressure is greater in the gas phase in the alveoli, as is normally true for oxygen, then more molecules will diffuse
into the blood than in the other direction. Alternatively, if the partial pressure of the gas is greater in the dissolved
state in the blood, which is normally true for CO,, then net diffusion will occur toward the gas phase in the alveoli.




Dalton’s law of partial pressures

It states that the partial pressure of a gas in a mixture of gases is the pressure that gas would exert if it
occupied the total volume of the mixture.

Thus partial pressure is the total pressure multiplied by the fractional concentration of dry gas, or

PX=PB x F

for humidified gas : PX = (PB — PH2O)x F

PX = Partial pressure of gas (mm Hg)

PB = Barometric pressure” is the sum of the partial pressures of
02, CO2, N2, and H20”. (760mm Hg)

F = fractional concentration of gas ( no units)

For example 02 =0,21

PH20 = Water vapor pressure at 37°C (47 mm Hg)

The percentages of gases in dry air at a
barometric pressure of 760 mm Hg are as
follows:

>

CO2 | 0% (0) Because air is humidified in the airways,
water vapor pressure is obligatory and
02 |21% (0.21) equal to 47 mm Hg at 37°C.
N2 | 79% (0.79)




partial pressure of O2 and CO2

Oxygen concentration in
the atmosphere is 21%

*So PO2 in atmosphere =
760 mmHg x 21% =
160 mmHg.

This mixes with “old” air
already present in alveolus

to arrive at PO2 of 104
mmHg in the alveoli.

Carbon dioxide

concentration in the
atmosphere is 0.04%

*So PCO2 in atmosphere=
760 mmHg x 0.04% =
0.3 mmHg

This mixes with high CO2
levels from residual volume
in the alveoli to arrive at
PCO2 of 40 mmHg in the

alveoli.
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21%

40 mmH

Pressure of CO2 in alveoli.

104 mmH

Pressure of O2 in alveoli.

0.04%—

CO2 Conc in atm




Henry’s law

How to determine the partial pressure of a gas dissolved in a fluid

? by its concentration, also by the solubility coefficient of the gas.
These relations are expressed by the following formula,which is Henry’s law:-

Partial pressure = Concentration of dissolved gas
Solubility coefficient

- Carbon dioxide is more than 20 times as soluble as oxygen.
- Therefore, the partial pressure of carbon dioxide (for a given concentration) is less than one
twentieth that exerted by oxygen.

Henry's Law
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Factors affecting gas

D a APXA X S : diffusion-Fick’s law

The total surface area of the respiratory membrane is ~ 50 to 100 m2 in normal
adult.

' - From Guyton i
.- The surface area of the respiratory membrane can be greatly i
| decreased by many conditions. For instance: i
| 1- removal of an entire lung decreases the total surface area to i
| one-half normal. i
| 2- **in emphysema, many of the alveoli coalesce (combine) , with i
| dissolution of many alveolar walls. Therefore, the new alveolar i
| chambers are much larger than the original alveoli, but the total i
| surface area of the respiratory membrane is decreased because of i
| loss of the alveolar walls i
| 3-and increase during exercise because there are more open !
capillaries and thus more surface area for diffusion. i




Cont..Factors affecting gas
diffusion

Will discuss in the

next slide

____________________________________________________________________________________

- Thickness of the respiratory membrane is 0.2 -0.6

micrometer. S
-from Guyton . Inthe body, the temperature
when The thickness of the respiratory . remains reasonably constant and

membrane increases: usually need not be considered.
1- as a result of edema fluid in the interstitial |
space of the membrane and in the alveoli. |
2-some pulmonary diseases cause fibrosis of the
lungs, which can increase the thickness of some
portions of the respiratory membrane.




diffusion coefficient

S/ /MW is called the diffusion coefficient of the gas.

The relative rates at which
different gases at the same

pressure level will diffuse SOlUblllty
are proportional to their D o
diffusion coefficient. /
-Assuming that the diffusion MW 02 .has lower molecular ,
coefficient for O2 is 1, the relative welght than CO2 But COZ is
diffusion coefficients for different 24 times more soluble than
gases of respiratory importance in the 02 so the Net result is that
body fluids are as follows: CO2 diffusion is approx 20
Oxygen= 1.0 times faster than 02
carbon dioxide = 20.0 diffusion.

nitrogen=0.53

If we have respiratory failure which gas will be affected first? O,
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Composition of alveolar air-its relation to Atmospheric air

Alveolar air concentrations of gases are different from the atmospheric air due to several reasons:

1)The alveolar air is only partially replaced by atmospheric air with each breath “Only 350 milliliters of new air
is brought into the alveoli with each normal inspiration, and this same amount of old alveolar air is expired”
i.e The volume of alveolar air replaced by new atmospheric air with each breath is only one seventh of the
total.

2)Oxygen is being absorbed into the pulmonary blood from the alveolar air

3)Carbon dioxide is diffusing from the pulmonary blood
into the alveoli. :
€Y1 e e Yo e 4t H20 Variable 47mmHg

CO2 0.3mmHg 40mmHg
02 159mmHg 105SmmHg
4)Dry atmospheric air is humidified even before it reaches the
alveoli. N2 601lmmHg 568mmHg
Total 760mmHg 760mmHg

Pressure




Humidification of the air

Air humidifies when it passes through the airways

Atmospheric air is composed almost entirely of nitrogen and O2; it normally contains
almost no CO2 and little water vapor.
Water vapor:It is one state of water within the hydrosphere.

As soon as the atmospheric air enters the respiratory passages, it is exposed to the
fluids that cover the respiratory surfaces.

Even before the air enters the alveoli, it becomes almost totally humidified.




Only in boys slide
expiration of a gas from an alveolus with successive breaths

4th breath 8th breath 12th breath 16th breath

From Guyton
Air is expired. Therefore, the volume of alveolar replaced by new atmospheric air with each breath only one seventh of

the total ,so multiple breaths required to exchange most of alveolar air.this figure shows this slow rate of renewal of the
alveolar air.in the first alveolus of the figure , excess gas is present in the alveoli but note that even at the end of 16

breaths the excess gas still has not been completely removed from alveoli




Importance of the slow Replacement of alveolar air

The slow replacement of alveolar air is of particular importance in
preventing sudden changes in gas concentrations in the blood.

This makes the respiratory control mechanism much more stable than
it would be, and it helps prevent excessive increases and decreases in
tissue oxygenation, tissue CO2 concentration, and tissue pH when
respiration is temporarily interrupted




Only in boys slide

has passed from the aorta through the bronchial
circulation which supplies mainly the deep tissues of the lungs _
| flow, meaning that blood is shunted and bypass the gas

" exchange areas.
Ol ol shalie ) slady

Upon leaving the lungs, the PO2 of the shunt blood is approximately that of
normal systemic venous blood—about 40 mm Hg.

that enters the left atrium from
the lungs has just passed through
the alveolar capillaries and has
become oxygenated up to a PO2
of about 104 mm Hg.

When this blood combines in the pulmonary veins with the oxygenated blood
from the alveolar capillaries, this so-called venous admixture of blood causes
the PO2 of the blood entering the left heart and pumped into the aorta to fall to
about 95 mm Hg.

Sy as) L, Y i U s Bronchial circulation JI o) sixa:
Aad b aiadd Ly 5855 oxygenation 4l uade s <l 3Ll Jals dslaia
pulmonary vein J! & cuas L 2 2 (1 systemic venous blood
Po2J Ji Sall 18 5 venous admixture blood 4ew) cuae (1€a jua
95 I in pulmonary vein and in the systemic arterial blood

These changes in blood PO2 at different points in the circulatory
system are shown in this Figure

Mixed with
pulmonary
shunt blood

100 —H
Systemic
venous

80 - blood

Pulmonary | Systemic |
capillaries artenial
blood
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capillaries | venous
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Figure 40-2

Changes in Po: in the pulmonary capillary blood, systemic arte-
rial blood, and systemlc capillary blood, demonstrating the effect
of “venous admixture.”




Only in boys slide Pulmonary shunt Helpful video

Poorly ventilated
alveolus

\

Poorly Oxygenated
Oxygenated Blood
Blood
Decreased
Oxygenation

SHUNT

A pulmonary shunt is a pathological condition which results when the alveoli of the lungs are
perfused with blood as normal, but ventilation (the supply of air) fails to supply the perfused region
In other word, Blood flowing past poorly ventilated alveoli doesn’t pick up additional oxygen. This
poorly oxygenated blood returns to the heart and mixes with oxygenated blood coming from other
areas of the lungs that are ventilated. The mixture lowers the total oxygen content of the arterial
blood, producing hypoxemia. The larger the shunt, the lower the oxygen content.

the ventilation/perfusion ratio (the ratio of air reaching the alveoli to blood perfusing them) is zero.

*For better understanding study ventilation perfusion lecture*



https://www.youtube.com/watch?v=FDhbpqaEgaE

02 concentration in the alveoli

At resting condition 250 ml of oxygen are extracted by
the tissues at ventilatory rate of 4.2 L/min.

During exercise 1000 ml of oxygen is extracted by the
tissues per minute—the rate of alveolar ventilation
must increase 4 (250*4) times to maintain the alveolar
PO2 at the normal value of 104 mmHg.

Oxygen concentration in the alveoli, and its partial
pressure is controlled by:

The rate of absorption of oxygen into the blood.
rate of alveolar ventilation (The rate of entry of new
oxygen into the lungs by the ventilatory process).
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Figure 40-4. Effect of alveolar ventilation on the alveolar partial
pressure of oxygen (Pos) at two rates of oxygen absorption from the
alveoli—250 ml/min and 1000 mi/min. Point A is the normal operat-
ing point.

Explanation:

This graph shows the ventilation, absorption through the alveoli, and Oxygen
alveolar pressure.

if the absorption increases from 250 to 1000 ml O,/min , the alveolar pressure
would drop. so the body accommodates by increasing the ventilation.

In girl’s slides
only

CO2 concentration in the alveoli

-Normal rate of CO2 excretion (at rest) is 200 ml/min, at
normal rate of alveolar ventilation of 4.2 L/min.

Carbon dioxide concentration in the alveoli, and its partial
pressure is controlled by:

1. alveolar PCO2 increases directly in proportion to the
rate of carbon dioxide excretion. as represented by the
fourfold elevation of the curve (when 800 milliliters of
CO2 are excreted per minute).

2. alveolar PCO2 decreases in inverse proportion to

alveolar ventilation.
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Figure 40-5. Effect of alveolar ventilation on the alveolar partial
pressure of carbon dioxide (Pcoz) at two rates of carbon dioxide excre-
tion from the blood—S800 mImin and 200 mi/min. Point A is the
normal operating point.

Explanation:
This graph demonstrates excretion, ventilation, and CO, pressure in the

alveoli.

the more excretion, the higher the CO, pressure will be in the alveoli. so the
body accommodates by increasing ventilation to get rid of the excess CO,.

B




Diffusion of O2 from the peripheral (systemic) capillaries into the tissue fluid

-
The picture below represents the diffusion (supply)

1 1 | |
I The chart below represents the diffusion of O2 I |
. | v P ) 1 2 | of O2 from the systemic capillaries to cells or
I from the alveoli to the pulmonary capillaries. | I | .
S P ! L. Lo mssees. _____
\ Alveolus Poj = 104 mm Hg / P T T T :
\ ’ ! { : Cells being |
i |
= 1 04 - : supplied |
Arterial End

Vonou.Endl___ e 1

- _p_l -——- 110 - Alveolar oxygen partial pressure I Fu m(')nary

| ulmonary i N veim g

| artery 100 : (oxygenated Al'tel'lal end VenOUS end
| <de°l;{§j5ated 90 - ;  blood) of capillary of capillary

_______ | / i AT
, Pulmonary 1 .
i capillaries : j j
o7 o T T T
I Systemic ! I Systemic !
| Bt b g S -
40 - | oartery ? ° vein .
; (oxygenated) 1 | (deoxygenated) |
o e o o J o e o o
— e e e o e o e — — — — — — — — — — — — — — ——
1 r=-=-=-=-~-~-~T-T-T-TF-T T s T s s s s s s s s s |

I
; Explanation: Because the pressure of 02 in the blood coming I
1 from the pulmonary artery is less than that of the alveoli there 1 1
: will be oxygen diffusion from the alveoli to the blood. :

Explanation: Because the pressure of 02 in the blood coming
from the systemic artery is higher than that of the cells the
oxygen will diffuse from the blood to the cells.

| notes: |
| 1-All the arteries in the body are oxygenated except |
l pulmonary artery. |
| 2-All veins in the body are deoxygenated except the |
| pulmonary vein. |




Diffusion of CO2 from the the tissue fluid into peripheral (systemic) capillaries

: 1 : The picture below represents the diffusion (removal)
|
I

| of CO2 from the cells to systemic capillaries.

; i- The chart below represents the diffusion of
I v 2 CO2 from the pulmonary capillaries to
: : the alveoli.

R |
: Cells being I

i_ supplied 1

Arterial end Venous end Alveolus Pcog = 40 mm Hg

& . i
of capillary of capillary | Pulmonary ! _1* _ “ l*
: artery = 40 mm
, (highCO2) ' :
_______ i il
| -__j___l !
Systemic | : . ? Pulmonary T T T T T
: };i tf;rrmc I Syste.rnlc ! g capillaries ! I Pulmonary !
- Céz I : vein | E i I I vein I
1 _( c:w_ « _)_ : ; (more CO2) | g """" ! : (low CO2) :
_______ i —————
42
i
w B R R R R ERE R R R R R R e e e Ee - -

Alveolar carbon dioxide partial pressure

Because the pressure of CO2 in the blood coming
from the systemic artery is less than that of the cells
there will be CO2 diffusion from the cells
to the blood.

Because the pressure of CO2 in the blood coming
from the pulmonary artery is more than that of
the alveoli there will be CO2 diffusion from the

- __...Dbloodtothealveoli_ ________ -

A |
_——— -




PO2 and PCO2 in various portions of normal
expired air

............................................................................................................

- Normal expired air, containing both dead
space air and alveolar air.

1601
. . : -0
- It has gas concentrations and partial pressures I .
that is between those of alveolar air and ' i - Oxygen (Poy)
humidified atmospheric air. é‘g o] Deed  Avooir i
| ; £ (e anded Alveolar air
9= god alr space air .
- PO2 in expired air (= 120 mmHg) is more 3 . Carbon dioxide (Pcoy) |
) - :
than alveolar because dead space volume L.
(airway humidified air) has high PO2. ' ; ,
- PCO2in expired air (= 27 mmHg) is less 0 100 20 0 40 50

. . Air expired (milliliters
than alveolar because it gets diluted when | - ) -
 Figure 40-6. Oxygen and carbon dioxide partial pressures (Po, and

mixing with dead space volume that has low ' Peoy) in the various portions of normal expired air,

PCO2. e




| |

1
| Let's summarize what we discussed in this lecture | '—§hu\—nt—&'
1 1
| |

From To
150 pularptgrr1yary pulcl;:ary
_
o
I
£ 120
£
N
o 90
-
g Right Left
atrium atrium
bt 60_ and and
Q. ventricle ventricle
© - Systemic Systemic
£ 30 P veins arteries
© -
o " '; | PO,=40 PCO,=46 Body PO,=100 PCO,=40
0 .
Air Lungs Blood Tissues

-The atmospheric air has (PO2= 159mmHg and PCO2= 0.3mmHg) so, when a human inspires this air it get humidified in the dead space or conducting zone and becomes PO2=
149.3mmHg and PCO2= 0.3mmHg. Then in the alveoli the level of PO2 is Decreased into (100-105mmHg) and level of PCO2 is increased into (40mmHg) due to several reasons including:
partial replacement of alveolar air, continuous diffusion of O2 and continuous diffusion of CO2.

-Now let’s go the blood’s point of view. After supplying all the tissues, blood returns deoxygenated (PO2= 40mmHg and PCO2= 45-46) to the right heart draining into the right atrium who
will pump it the right ventricle. The right ventricle pumps this deoxygenated blood to the alveoli through the pulmonary artery. When the blood arrives to the alveoli, gas exchange occur
between the alveoli (which has

PO2=100-105mmHg and PCO2= 40mmHg) and the pulmonary artery. The result of gas exchange is blood having PO2= 100-105mmHg and

PCO2=40mmHg. After that, blood drains into the pulmonary vein which will deliver it the left atrium who will pump it to the left ventricle.

-The left ventricle will pump the blood to the hole body supplying the tissues through the systemic arteries. One of the important arteries in the systemic circulation is the bronchial artery
which is a branch of the thoracic aorta. This artery supplies the lung then drain into the bronchial veins which plays a role in determining the PO2 levels of blood going to the systemic
circulation as I will demonstrate.

-lest’s go back to the point where blood get oxygenated (PO2= 100-105mmHg and PC2= 45-46mmHg) and drains into the pulmonary vein. Before it reaches the left heart, there will be a
SHUNT 7anatomical shunt” (deoxygenated blood drainage by the bronchial vein into the pulmonary vein) which will reduce the PO2 level to become=95mmHg but the PCO2 level will stay
= 40mmHg. So, the left ventricle is pumping blood having PO2= 95mmHg and PCO2= 40mmHg to the hole body through systemic arteries..

-Blood runs in the systemic arteries until it reaches systemic capillaries where gas exchange occur between it and the targeted cells which have PO2= 23mmHg and
PCO2 = 46mmHg. After gas exchange, blood drains into the pulmonary veins having PO= 40mmHg and PCO2= 45-46mmHg. The pulmonary veins will deliver the dexygentaed blood to
the right heart and circulation start again.
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Values

Table 39-1
Partial Pressures of Respiratory Gases as They Enter and Leave the Lungs (at Sea Level)

Atmospheric Air Humidified Air Alveolar Al
(mm Ho) (mm Ho) (mm Ho)
N, 5970 (78.62%) 34 (409%) 5600 (749%)
0, 1500 (2084%) 43 (1967%) 040 (136%)
C0, 03 (004%) 03 (004%) 20 (53%)
Hy0 37 (0.50%) 110 (620%) 110 (62%)
TOTAL 7600 (1000%) 00 (1000%) 7600 (1000%)

Expired Alr

(mm Ho)
660 (145%)
00 (157%)
0 (36%)
W (62%)
00 (1000%)

& N
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1- the Alveolar air concentrations of gases are different from the
atmospheric due to?

Partial replacement of alveolar air
02 and CO2 diffusion
Humidification

All of the above

Cn®>

2- The forces governing the diffusion of a gas through a biological
membrane include the pressure difference across the membrane (AP),
the cross-sectional area of the membrane (A), the solubility of the gas
(S), the distance of diffusion (d), and the molecular weight of the gas
(MW). Which changes increase the diffusion of a gas through a biological
membrane? According to (Fick’s Law)

AP A S d MW
A. Increase Increase Increase Increase Increase
B. Increase Decrease Increase Increase Increase

C. Increase Increase Increase Decrease Decrease

D. Increase Decrease Decrease Increase Increase

3.Which of the following partial pressures of 02 are
correct?

ATM-Humidification-alveoli-pulmonary vein-shunt
tissues

160-150-104-94-40 mmHg
150-104-94-55-40 mmHg

160-104-94-40-104 mmHg
150-140-104-94-40 mmHg

ON®>

4.which of the following partial pressures of CO2 are
correct?

Tissues-Systemic veins-Pulmonary vein

A.46-45-40 mmHg
B.46-40-40 mmHg
C.40-45-46 mmHg
D.40-40-46 mmHg



s‘@

1- how will an increase in the respiratory rate change PO2 in the alveoli?
2- (02-CO2) which has a higher rate of diffusion and why?

3- what is the importance of the slow replacement of alveolar air?

1. It will increase PO2.

2.02 has lower molecular weight than CO2 But CO2 is 24 times more soluble than 02 so the Net result is that CO2
rate of diffusion is approx 20 times faster than O2 rate of diffusion.

3.prevent sudden changes in gas concentrations in the blood. (stabilization of RCM), this will prevent excessive
increase or decrease in tissue oxygenation, tissue CO2 concentration and tissue PH.

Test yourself



https://www.respiratorytherapyzone.com/diffusion-of-pulmonary-gases/
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