William Tsang/CE Notes/Biology


HKCEE
BIOLOGY
Section III

Maintenance of Life

Part 2

Respiration and Gaseous Exchange

A) Burning and respiration
	
	Burning
	Respiration

	Similarities
	· An oxidation process

· Oxygen is needed

· Carbon dioxide and water are produced
	· An oxidation process

· Oxygen is usually needed

· Carbon dioxide and water are produced

	Differences
	· A single step process

· Takes place anywhere

· No enzymes involved

· Fast and violent reaction

· All stored energy is released at once

· Energy released in the form of heat and light

· (It releases a large amount of heat at a time, which would kill the cells)
	· A series of chemical reactions

· Takes place only inside cells

· Controlled by many different enzymes

· Slow and gradual reaction

· Stored energy is transferred gradually to metabolic processes

· Energy is transferred in an energy carrying compound with some loss of heat


B) Definition of Respiration (CE Q.1)
· Respiration is the process by which organisms release and transfer chemical energy stored in food to carrier molecules to carry out body activities / metabolism.
· In respiration, glucose in food is oxidized to release energy in the forms of heat and ATP.

C) Where does respiration take place inside cells?

· Respiration takes place in all living plants and animal cells all the time.

· Some of the reactions take place in the cytoplasm of cells and some in the mitochondria. 

· Most energy is transferred by the reactions inside the mitochondria.

· Active cells (which require a lot of energy) contain a lot of mitochondria, e.g. muscle cells, liver cells, sperm cells.

D) In what form is energy transferred from food into the cell metabolism?

ATP

· Most of the energy is transferred to a molecule called ATP (adenosine triphosphate).

· ATP is a small molecule which is a readily usable form of energy, unlike the chemical energy in glucose.

· This energy can be easily and quickly transferred in a single step when it is used.

· When glucose is broken down during respiration, the energy transferred allows ADP to react with a phosphate ion to form ATP. 

· ADP and phosphate ions released can be reused with more energy transferred to regenerate ATP.

Heat

· Some of the chemical energy in food is lost as heat.

· Animals can maintain a constant body temperature by making use of the heat to regulate their body temperature.
· An increase in temperature can be taken as another sign of respiration

E) How is the energy from food used? (CE Q.2)
ATP

· For muscle contraction and for organ movements, e.g. heart contraction

· For active transport, nerve impulses

· For producing new materials, e.g. synthesize proteins from amino acids

· For growth and repair, e.g. forming new muscles, hair and bone

· For supporting many other biological processes, such as cell division and reproduction

Heat

· For maintaining a constant body temperature in birds and mammals.

Other uses of energy

· In some organisms, energy can be used for producing light and generating electricity directly.

F) Aerobic respiration and anaerobic respiration
	Simple word equation 

(CE Q.3)
	Aerobic:                    Food/glucose + oxygen ( carbon dioxide + water

Anaerobic(humans):          Glucose ( energy(in ATP) + lactic acid

                                  enzymes

Anaerobic(micro-organisms):  Glucose -----> energy(in ATP) + ethanol + carbon dioxide

	Similarities
	· Both release energy from large molecules, e.g. sugar

· Both transfer energy mainly in the form of ATP, and some energy is lost as heat

· Both consist of a number of reactions controlled by enzymes but anaerobic respiration has fewer steps

	Differences
(CE Q.4)
	Aerobic respiration

· Requires oxygen
· Glucose is completely broken down into carbon dioxide and water

· Large amount of energy is transferred

· No lactic acid or ethanol are formed

· Carbon dioxide is produced

· Takes place in cytoplasm and mitochondria of the cells
	Anaerobic respiration

· Does not require oxygen
· Glucose is incompletely broken down 

· A smaller amount of energy is available

· Lactic acid or ethanol are usually formed

· Carbon dioxide may not be produced

· Takes place only in cytoplasm


G) The importance of anaerobic respiration
It is important when we are doing strenuous exercise and in making various food.

Muscle contraction (CE Q.5)
· In humans, muscles can respire anaerobically and contract when oxygen is insufficient.

· These muscles have higher contraction rates. (e.g. effective in running short races like a 100 metre sprint.)
· However, lactic acid is produced and builds up. This is known as lactic acid fermentation.

Effects and removal of lactic acid

· The building up of lactic acid in muscles results in muscle fatigue and is painful to the body.

· After the race the runner has to breathe deeply for a period to take in extra oxygen.
· The extra oxygen is used to break down the lactic acid.

· The lactic acid is broken down to carbon dioxide and water or may be converted to glucose in the liver.

· The amount of extra oxygen needed to remove all the lactic acid made during heavy exercise is called the oxygen debt.

	ATP
	Muscle contraction in the body during heavy exercises

	Alcohol
	Beer and wine production

	Carbon dioxide
	Bread-making


H) Introduction and the need of the breathing system
· Gas exchange is the process by which organisms exchange gases with their environment.

· In humans and other animals, gas exchange is only needed for cellular respiration.

· In plants, gas exchange is needed for both respiration and photosynthesis.

· In amoeba and algae, gas exchange occurs by simple diffusion of gases through the body surfaces.

· In larger organisms, the body cells are too far away from the surrounding air. They need special respiratory structures and a transport system for efficient gas exchange to carry gases to and from cells.

I) The human breathing system

	Nose and naval cavity
	Nose: 2 nostrils with hairs inside.

Space inside the nose: the nasal cavity.

The inside of the nasal cavity is lined with ciliated epithelial cells and mucus-secreting cells.

Specials adaptations of the structures of the nasal cavity:

Hairs filter small particles in the air to prevent them from entering the respiratory tract.

Mucus secreted by the mucus-secreting cells traps dust and bacteria.

Cilia of the ciliated epithelial cells beat in such a way as to remove the mucus.

	Pharynx and larynx
	Incoming air goes down the pharynx and then the larynx into the trachea.

Pharynx: The opening of both the trachea and the oesophagus 
Larynx: Leads into the trachea only and consists of cartilage (soft bones) and the vocal cords.

Cartilage: prevents the closing up/stretching of the larynx due to pressure changes in breathing.

Vocal cords: Thin membranes across the larynx.

          When air passes out through the larynx, the vocal cords vibrate and produce sound. 

	Trachea, bronchi and bronchioles
	· They are tubes with smaller and smaller diameters.

Trachea: divides into 2 bronchi at its lower end. 

Bronchus: each divides many times into a lot of narrow and small bronchioles.

Cartilage: supports the trachea and the bronchi BUT no cartilage in bronchioles.
Specials adaptations of the inner surface of the respiratory tract:

The inside of the trachea, bronchi and bronchioles are also covered with ciliated epithelial cells and mucus-secreting cells.

Mucus secreted by the mucus-secreting cells traps dust and bacteria.

Cilia: its waving movement carries the dust particles and bacteria trapped in the sticky mucus        

     upwards and away from the lungs.

	Air sacs and alveoli
	Each bronchiole ends in a large number of air sacs.

The alveoli provide the respiratory surface for gas exchange.

	Lungs
	Lungs: located in a space called the thoracic cavity inside the thorax.

Ribs: joined in front to the sternum and at the back to the vertebral column and this   

     arrangement makes up the rib cage which protects the lungs and the heart.

Intercostals muscles: Muscles between each pair of ribs 

Diaphragm: A sheet of muscles called separates the thoracic cavity from the abdomen.

Pleural membranes: Each lung is enclosed by the inner and outer pleural membranes.

Inner pleural membrane: in contact with the lung
Outer pleural membrane: in contact with intercostals muscles,form the inner wall of the thorax.
Pleural fluid: exists between the inner and outer pleural membrane which acts as a lubricant to 
            help the lungs to move easily inside the chest cavity when air is drawn into 
            and leaves the lungs during breathing.



J) Filtering, moistening and warming of inhaled air (CE Q.6)

Air contains dust, pollen grains, bacteria and other small particles. If they get into the lungs, the dust will block the air passage and the bacteria may cause infection, allergies, asthma. Therefore, the air breathed in needs to be filtered and cleaned. (Filtering methods: see section I: special adaptations)

· The dust and bacteria trapped in mucus should be swallowed into the stomach where gastric acid and digestion will destroy them. 

· Spitting out of sputum should be avoided as it may allow bacteria to be passed to others who accidentally contacted it.

· The mucus in the respiratory tract also moistens the incoming air.

· At the same time, air is warmed in the nasal cavity and along the respiratory tract by the body temperature. (blood vessels)

Features of air reaching the lungs: Free of dust, mostly free of bacteria and viruses, moistened, warmed

K) The action of breathing (action of the intercostals muscles, diaphragm) (CE Q.7)
· Ventilation is the movement of air to and from the respiratory surface., e.g. breathing in humans

· Ventilation constantly brings in fresh air from the atmosphere and constantly removes carbon dioxide from the lungs. This keeps gas exchange at the level needed whatever the activity of the body.

· During breathing, the lungs expand and return to their normal size to pump air into and out of them.

· Since the lung tissue is elastic and exhalation is largely contributed by recoiling of the lung tissue, inhalation uses more energy than exhalation.

	
	Inhalation
	Exhalation

	Ribs
	· intercostals muscles contract
· ribs cage moves upwards and outwards
	· intercostals muscles relax
· rib cage moves downwards and inwards

	Diaphragm
	· diaphragm muscles contract
· diaphragm flattens
	· diaphragm muscles relax
· diaphragm returns to dome shape

	Lungs
	· Thorax and lung expand

· lung pressure becomes lower than atmospheric pressure

· air is breathed in due to pressure difference
	· Thorax and lung contract due to elasticity

· lung pressure becomes higher than atmospheric pressure

· air is breathed out 


L) Conditions for becoming a respiratory surface (alveolus in humans) (CE Q.8)
	1. Large surface area
	· made up of millions of alveoli

· folded and large surface area

· increase the rate of gaseous exchange

	2. Thin membranes
	· membranes lining the alveoli are extremely thin

· very short distance for gases to diffuse

· little time is taken for this part of the process

	3. A moist surface
	· epithelium of the alveoli secretes a special watery liquid which keeps the inside surface moist

· gases have to dissolve in the moisture first before they can diffuse across the alveolar membranes

	4. Richly supplied with blood
	· surrounded by many capillaries

· distance between the alveoli and the blood is also small

· As oxygen diffuses into the capillaries, it is carried away by blood. This keeps a high concentration gradient which causes high “net diffusion” of oxygen into the blood.

· Carbon dioxide diffuses in the opposite direction for the same reasons


M) Gas exchange in the alveoli

Basic mechanism

1st stage: air is drawn into the lungs, then air inside the lungs is pushed out.

(The process of drawing air into and out of the lungs repeatedly is called breathing.)

2nd stage: air inside the air sacs of the lungs is exchanged with the gases in the blood capillaries around the 

        alveoli .

(The surface where the gases outside the body exchanges with those inside the body is called the respiratory surface, alveoli are the human respiratory surface.)
· The inside of each alveolus is lined by a layer of moisture. 

Thus, the gas we breathe out contains more water vapour as it is moistened by the water film on the surface of the alveoli.
Diffusion of oxygen and carbon dioxide across the alveolar membrane (CE Q.9)
· There is a concentration difference for both oxygen and carbon dioxide in the blood or the atmosphere.

· In the blood, carbon dioxide molecules have a higher concentration. So, they move across the walls of blood capillaries into the alveoli.

· At the same time, oxygen molecules move from the alveolus into the blood due to a higher concentration of oxygen in the alveolus.

· Therefore, exhaled hair contains less oxygen but more carbon dioxide than inhaled hair. (NOT all of the oxygen in the alveoli diffuses into the blood capillaries)

N) The effect of exercise on the rate and depth of breathing and energy requirements (CE Q.10)
· During exercises, the rate and depth of breathing increase.

· It provides more oxygen and faster removal of carbon dioxide from muscles.

· As a result, a higher respiratory rate is supported to release more energy for muscle contraction to meet the increased energy requirement of our body.
O) The effects of smoking and its health hazards (CE Q.11)
· Cigarette smoke contains tars, nicotine and about 400 other harmful substances.

	Phenomenon
	Effects

	These substances cause extra mucus secretion in the respiratory tract and the lungs.
	Smokers usually have a lot of sputum and have the so-called “smoker’s cough” 

	Nicotine is additive
	Causes the wish to smoke more cigarettes

	Stop the movement of cilia, stopping them from moving the unwanted substances up the respiratory tract.
	The unwanted substances enter the lungs and reduce the area for gas exchange

	The smoke irritates the bronchi and causes them to contract
	Reduces the amount of gas which can be exchanged


Other bad effects of smoking

1. Tar in cigarette smoke may lead to lung cancer.

2. Smoking also leads to many other diseases, such as chronic bronchitis, emphysema and coronary heart diseases. 

3. Smoking affects women in pregnancy and increases the natural abortion rate. The physical and mental development of these babies may also be affected.

Bad Effects of passive smoking --- breathe in smoke from cigarettes being smoked by a nearby smoker

1. Suffer from irritations of the nose, throat and eyes and smoking-related diseases including cancer.

Babies whose parents smoke are also more likely to develop respiratory diseases.

P) Gas exchange in plants 
Introduction (CE Q.12)
· Plants exchange gases by diffusion (flowering plants: stomata, woody stems: lenticels on the bark)

· Stomata are present on the lower epidermis of most leaves and sometimes also on the upper surface.

· In general, the stomata are open in the daytime; they become smaller or even closed at night.

Gas exchange in the daytime and at night

· Gas exchange in plants involves two processes: respiration and photosynthesis.

· Respiration takes place all the time which requires oxygen and releases carbon dioxide.

· Photosynthesis takes place only when there is sufficient light.

· The net absorption and release oxygen or carbon dioxide depends on which processes are going on and which is at a faster rate, e.g. in the daytime, photosynthesis is usually faster than respiration, therefore there is a net intake of carbon dioxide and a net output of oxygen.

The relationship between the rate of gas exchange and light intensity (CE Q.13)
· The overall rate of gas exchange in plants is not constant but changes with light levels.

· The rate of respiration is more or less constant, the rate of photosynthesis varies with the light intensity.

Example: 

	At night
	· Only respiration takes place.

· Plants absorb oxygen and release carbon dioxide.

· Rate of gas exchange is constant

	As morning comes
	· As the light intensity increases, photosynthesis takes place at an increasing rate. 

· During this period, less carbon dioxide is released and less oxygen is absorbed.

	At a particular point
	· When the rate of photosynthesis is equal to the rate of respiration, no net gas exchange occurs between the plant and the atmosphere and the light intensity at this point is called the compensation point.

	Light intensity increases further
	· photosynthesis occurs at a faster rate than respiration.

· Carbon dioxide is absorbed and oxygen is released.

	Light intensity increases even further
	· more carbon dioxide is absorbed and more oxygen is released.
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