Grade 10 Life Sciences

Comprehensive Study Notes: Gaseous Exchange

| Subject: Life Sciences | Grade: 10 | Topic: Human Respiratory System & Gaseous Exchange

1. Important Distinction of Terms

Students frequently confuse these three related processes. Ensure you clearly understand the distinction for tests
and examinations:

1. Cellular Respiration: The chemical metabolic process occurring inside the mitochondria where glucose is
broken down in the presence of oxygen (0,) to release energy in the form of ATP, with carbon dioxide (CO,)
and water as metabolic byproducts.

2. Breathing (Ventilation): The mechanical process involved in moving air into (inhalation) and out of
(exhalation) the lungs via respiratory muscle contractions.

3. Gaseous Exchange: The physical process by which gases (02 and COZ) are swapped across a
specialized respiratory surface down a concentration gradient by passive diffusion.

2. Requirements for Efficient Gas Exchange Surfaces

All efficient respiratory surfaces in living organisms must satisfy five primary structural and physiological
requirements:

« Large Surface Area: To maximize the rate of diffusion. In humans, millions of microscopic alveoli provide an
immense combined surface area (approx. 70—75 m?2).

* Thin Diffusion Surface: Keeps the diffusion distance minimal. Alveolar walls consist of a single layer of simple
squamous epithelial cells.

» Moist Surface: Oxygen and carbon dioxide must dissolve in a liquid film before diffusing across cellular
membranes.

» Well-Ventilated: Continuous fresh air supply maintains a steep concentration gradient between alveolar air and
capillary blood.

* Rich Blood Supply (Vascularization): An extensive network of blood capillaries rapidly transports oxygen
away from the lungs and continuously delivers carbon dioxide.

3. The Human Respiratory Pathway

Air passes through the following anatomical structures during inhalation:

Nasal Cavity — Pharynx — Larynx — Trachea — Bronchi — Bronchioles — Alveoli
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Structural Adaptations of the Trachea & Air Passages

» C-shaped Cartilage Rings: Keep the trachea permanently open (prevent collapse during negative pressure)
while allowing the esophagus behind it to expand during swallowing.

+ Ciliated Columnar Epithelium: Contains microscopic hair-like structures (cilia) that sweep trapped particles
upward toward the pharynx to be swallowed or expelled.

» Goblet Cells: Secretes mucus that traps dust, pollen, spores, and pathogens entering with inhaled air.

4. Diagram of Alveolar Gas Exchange
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Figure 1: Gas exchange across the microscopic alveolar-capillary membrane via passive diffusion.

5. Mechanics of Ventilation (Breathing)

Feature / Parameter Inhalation (Inspiration) Exhalation (Expiration)

Diaphragm Contracts and flattens (moves Relaxes and restores dome shape
downward). (moves upward).

External Intercostals Contract (pulls ribs upward & outward). Relax (ribs move downward & inward).

Thoracic Volume Increases significantly. Decreases back to resting volume.

Thoracic Pressure Decreases below atmospheric Increases above atmospheric pressure.
pressure.

Air Flow Direction Air rushes into the lungs. Air is forced out of the lungs.

6. Gas Transport in Human Blood

Oxygen (0,) Transport

Oxyhemoglobin (~98.5%): Most oxygen binds reversibly to iron-containing hemoglobin molecules inside red
blood cells (erythrocytes):

Hemoglobin (Hb) + o, - Oxyhemoglobin (HbOZ)
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* Dissolved Plasma (~1.5%): A very small fraction is carried directly dissolved in physical solution in blood
plasma.

Carbon Dioxide (Co,) Transport

* Bicarbonate lons (~70%): Reacts with water in red blood cells to form carbonic acid, which dissociates into

bicarbonate ions (HCOS') carried in plasma.
« Carbaminohemoglobin (~20%): Binds directly to amino groups on hemoglobin molecules.

* Dissolved Plasma (~10%): Carried dissolved as gas in plasma.

Exam Tip: Remember that breathing rate and depth are regulated automatically by the medulla oblongata in
response to rising CO,, concentration levels in the blood, rather than low O, levels!
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