3.3 Organisms exchange substances with their environment

· Living things need to obtain materials such as carbon dioxide and oxygen from the environment and remove waste from their cells to the environment.

· Requirements may be proportional to volume however diffusion is proportional to surface area, therefore in large organisms the surface area to volume ratio is much less than in very small organisms.

3.3.1 Surface Area to Volume Ratio (SA:Vol) 
· The larger the animal, the SMALLER the SA:Vol. The smaller the animal, the LARGER the SA:Vol e.g. An elephant has a larger SA than a mouse, BUT the mouse has a larger SA relative to its volume, compared to the elephant!
· This relationship can be modelled using cubes as animals:

Cube 1							Cube 2


  1cm
								2cm

SA of 1 side = 1 x 1 = 1cm2			SA of 1 side = 2 x 2 = 4cm2	
SA of 6 sides = 6 x 1 = 6cm2		SA of 6 sides = 6 x 4 = 24cm2

Vol = 1 x 1 x 1 = 1cm3				Vol = 2 x 2 x 2 = 8cm3

SA:Vol = 6:1 					SA:Vol Ratio = 24:8
							SA:Vol = 3:1				

Larger SA:Vol			     Smaller SA:Vol 

	Cube no.
	Cube size (cm)
	SA of one side (cm2)
	SA of cube (cm2)
	Volume of cube (cm3)
	SA: Vol

	1
	1
	1
	6
	1
	6:1

	2
	2
	4
	24
	8
	3:1

	3
	3
	9
	54
	27
	2:1

	4
	4
	16
	96
	64
	1.5:1

	5
	5
	25
	150
	125
	1.2:1



· If asked to calculate SA:Vol, the volume must ALWAYS be ‘1’ i.e. 1.5:1 and not 3:2, so that the organism can be compared. To calculate this divide SA by the volume:
e.g. SA  = 	54 = 	2		SA:Vol
      Vol	27			  2:1

Volume and surface area of other shapes
Volume
A prism is a shape which has a uniform cross-section. The volume of a prism is the area of the cross-section x the length.
The formula to remember is:
V = A × L
[image: image: random 3D shape]
[image: image: cylinder]
The cross section of a cylinder is a circle, with area πr²
The volume of a cylinder is therefore
πr² x length.
Surface area
The surface area of a prism is the area of both ends, plus the sum of the areas of the sides.
Example
The surface area of a cylinder is the area of both ends plus the curved surface area.
Each end is a circle, with area πr². Two ends is 2πr².
The side of the cylinder could be rolled out flat. It would then be a rectangle, length L. The edge where it joins the ends would be the same length as the circumference of the circular end. That is 2πr.
So the area of the curved side is
length x width = 2πrL
So the total surface area of the cylinder is the two ends plus the side:
2πr² + 2πrL
which can be simplified to
2πr(r + L)
Surface area of a sphere is 4r2

Volume of a sphere is = ⁴⁄₃πr³.
3.3.2 Gas exchange
Small Animals
· In small, unicellular organisms their external surface area i.e. ‘membrane’ is used for gas exchange, and don’t require a specialised gas exchange system because:

· Large SA:Vol ratio
· Short diffusion pathway
· diffusion alone is able to supply sufficient quantities
· fast enough
· have a low metabolic rate
· selectively permeable membrane

· [image: http://shs.westport.k12.ct.us/mjvl/biology/cells/amoeba.gif]Amoeba’s size and lifestyle in water enables diffusion to supply its needs.

· Unicellular organisms rarely exceed 500nm in diameter due to:
· SA: Vol ratio not large enough
· The maximum rate of diffusion of materials through cytoplasm is too slow to meet cells needs
· Flatworm’s increase their surface area : volume ratio by having
flattened bodies, typically only 0.2 mm thick. This also
decreases the diffusion distance. Tapeworms are sedentary
and have an extremely low metabolic rate.
[image: ]






· Earthworms are multicellular, terrestrial animals restricted to damp areas,  because they have a large moist body surface for diffusion (this is a region of potential water loss). They are adapted for gas exchange by:
·  Having a large SA:Vol ratio
· With a closed circulatory system and blood pigments (Haemoglobin)
· Moist skin
· Well developed capillary network in skin 
· Increase efficiency of gaseous exchange sufficient for a slow moving animal.
[image: ]








Gaseous exchange in Large organisms 

· Larger, multicellular organisms may have a surface area to volume ratio
which is too small to supply all their needs

· These organisms therefore possess special surfaces for gaseous exchange, gills for aquatic environments, lungs for terrestrial environments 

· These exchange surfaces have particular properties to aid diffusion: 
· large surface area
· thin, therefore short diffusion pathway
· moist
· permeable surface to gases
· has a steep concentration gradient


· Fish

· Fish are larger and more active than invertebrates, their needs are
 	     supplied by gills

· The gills are located in the OPERCULAR CAVITY (under the tough plate called the operculum).

· The gills are adapted to efficient gas exchange by:

· Many gill filaments with gill lamellae at right angles to the filaments which increase the surface area for gas exchange
· Gill lamellae are thin, reducing the diffusion pathway of gases
· The gills have an extensive network of blood capillaries, circulating blood in order to maintain a concentration gradient
[image: ]







· Water is a dense medium with a low oxygen content, therefore, to increase efficiency, it needs to be forced over the gill filaments by pressure differences so maintaining a continuous, unidirectional flow of water
· The water containing the blood flows in the opposite direction to that of the blood in the gill filament – called COUNTER CURRENT MECHANISM – this makes gas exchange more efficient than parallel flow because:

· The concentration gradient for O2 to diffuse into blood 
    is Maintained
· Because there is always more O2 in the water than in 
     the blood it meets
· The gradient is maintained along the whole length of the 
   lamellae
· Equilibrium is never reached so as much oxygen asd possibler diffuses from the water into the blood
[image: ][image: ]
















· Gills can be used underwater as the gas exchange service, and not human lungs because:


1) *N.B. Fish are not very active as water contains a lower concentration of O2 compared to air, so there is less O2 for respiration, therefore less ATP made for muscle contraction!

· There is  x30 less O2 in water compared to air – lungs don’t have counter current mechanism!

· Fish ventilation is unidirectional (in lungs it is tidal ((2 ways)), water is too dense to move in 2 directions!

· Terrestrial animals

· Terrestrial vertebrates have adapted for exchange with air, a less dense
medium, instead of water, so have internal lungs, which minimise loss of water and heat

· Amphibians have a larval form (tadpole) which develops in water and
undergoes metamorphosis into the adult form

· [image: http://www.geocities.com/EnchantedForest/Dell/8662/cycle.gif]The inactive frog uses its moist skin as a respiratory surface but when active uses lungs






· Insects


[image: http://www.dwm.ks.edu.tw/bio/activelearner/44/images/ch44c3.jpg]
· Insects have evolved a different system of gaseous exchange to other land animals
· Insects possess a branched, chitin-lined system of tracheae with openings called spiracles
· Gas exchange surface are the Tracheole tubes which come into contact with every tissue. The ends of the tracheoles are filled with water
· Muscles in thorax and abdomen contract/relax causing rhythmical movements which ventilates the tracheole tubes, maintaining a concentration gradient
· Advantages are that:
·  Every tissue is directly supplied with oxygen 
· No Haemoglobin is needed
· Reduced water loss

Insects have evolved adaptations to minimise water loss without reducing gas exchange too much.
They can close their spiracles using muscles. They have a waterproof, water cuticle all over their body and tiny hairs around their spiracles, both of which reduce evaporation.
Dicotyledonous plant 
· Plants rely entirely on diffusion for the exchange of gases, CO2 is absorbed for use in photosynthesis, and O2 produced. The main gas exchange surface is the surface of the mesophyll cells in the leaf.  
· Plants leaves have the following structures which allow the plant to photosynthesise efficiently:

· Cuticle			impermeable to water, reduces water loss
· epidermis 			prevents mechanical damage
· palisade mesophyll	main site of photosynthesis
· spongy mesophyll	water and gas exchange
· vascular bundle		transport of water/mineral ions in xylem
 					and transport of sucrose in phloem
· air space			water and gas exchange
· stomata			entry and exit of gases
· guard cells			open and close stomata

· Light absorption adaptations:

· Large surface area to absorb maximum light
· Leaves are thin to allow light to penetrate to lower tissue layers
· Cuticle and epidermis are transparent to allow light to penetrate mesophyll tissue 
· Leaf can grow towards the light to expose a greater surface area
· Palisade cells are elongated and densely arranged in a layer under upper epidermis
· Palisade cells contain many chloroplasts to increase light absorption
· Chloroplasts move inside cells to gain best position for absorbing light

· CO2 absorption adaptations:
[image: http://www.bbc.co.uk/schools/gcsebitesize/science/images/bi05004.gif]
· Leaves are thin to shorten distances for diffusion 
· The air spaces between mesophyll cells allow reduces diffusion pathway of  CO2 into cells
· Spongy mesophyll cells are moist for gas exchange
· Leaves have a cuticle to prevent water loss which also reduces gaseous exchange
· The presence of pores, called stomata improves gas exchange between inside and outside of leaf

· Stomata 
· Leaves have a cuticle to prevent water loss which also reduces gaseous exchange, the presence of pores, stomata, allow water and gases through
· Guard cells around the stomata can change shape to open and close the stomata so helping to control gas exchange and water loss
[image: ]
· Xerophytes may open stomata at night instead of during the day in order to conserve water, whilst other plants may close stomata during the day or night under drought conditions.
· Xerophytes have stomata sunk in pits that trap moist air, reducing the concentration gradient of water between the leaf and the air. This reduces the amount of water that diffuses out of the leaf
· Xerophytes have a layer of ‘hairs’ on the epidermis – again to trap moist air around the stomata
· Xerophytes have curled leaves with the stomata inside, protecting them from wind (windy conditions increase the water potential gradient and therefore the rate of diffusion and evaporation)
· Xerophytes have a reduced number of stomata, so there are fewer places for the water to evaporate from
· Xerophytes have waxy, waterproof cuticles on leaves and stems to reduce evaporation.


· Mammalian lungs

· The human respiratory system includes the following structures which are involved in two functions: 

· exchange of gases 
· ventilation 
[image: ]











Function of structures within human respiratory system:

· Epiglottis		covers opening to airways when food is swallowed
· Trachea			strengthened by rings of cartilage to keep
 				airway open
· Bronchi			to carry air to and from each lung
· Bronchioles		small passageways to alveoli
· Alveoli			Respiratory gas exchange surface
· Pleural 			Reduces friction
membranes	
· Ribs and 		Alters size of pleural cavity to change
intercostal 		volume/pressure
muscles				 		
· Diaphragm		Alters size of pleural cavity to change
				volume/pressure



Exchange of gases
[image: ]










· Millions of microscopic air sacs called alveoli provide a large SA for gas exchange

· Blood flow through capillary network around each of the Alveolus maintains the steep concentration gradient, by bringing low O2 concentration blood to alveoli, and moving the high O2 concentration blood after exchange

· Flattened epithelial cells forming the alveolar wall provide a short diffusion pathway
[image: ]
· Flattened capillary wall cells provide a short diffusion pathway

· O2/CO2 only has to move through 2 cells form alveolus to blood providing a short diffusion pathway

· Ventilation maintains a steep concentration gradient of high O2 concentration in the alveoli




Mammalian ventilation (breathing in and out) 

The function of ventilation is to move oxygen over respiratory surface and to maintain concentration gradient.

· Inspiration
· Nerve impulses from the brain cause the diaphragm muscle and external intercostal muscles to contract
· The diaphragm flattenes/the rib cage moves up and out
· These actions: 
· Increase the volume of the thoracic cavity
· Decrease pressure inside lungs (to below atmospheric pressure)
· So air moves down a pressure gradient from outside (higher pressure) into the lungs (lower pressure)
· Inspiration is an active process – it requires energy









· Expiration
· The diaphragm muscle and external intercostal muscles relax
· The diaphragm muscle become curved again/the ribcage moves down and in
· These actions:
· Decrease the volume of the thoracic cavity
· Increase pressure inside lungs (above atmospheric pressure)
· So air is forced out of the lungs down a pressure gradient from in the lungs to the outside
· Normal expiration is a passive process – it doesn’t require energy

· *N.B. During exercise the internal intercostal muscles contract and the external intercostal muscles relax pulling the ribcage down and inwards to increase the speed of ventilation. During this time the movement of the two sets of intercostal muscles is said to be antagonistic






These volume and pressure changes are shown in this graph: 
[image: ]









[bookmark: _GoBack]
· Advantages of internal lungs

· Infolding reduces heat loss
· Infolding reduces water loss
· Protected by ribcage

The effects of Lung disease
Lung diseases affect both ventilation and gas exchange in the lungs. Measurements of lung function can help to diagnose lung diseases
Key terms:
1. Tidal Volume – the volume of air in each breath – usually between 0.4dm3 and 0.5 dm3 for adults
2. Ventilation rate – the number of breaths per minute (about 15 breaths/min for a healthy person)
3. Pulmonary ventilation (PV) - Measurement of how much air is taken in and out of the lungs at a given time.
· PV = Total volume of air that is moved into the lungs in 1 minute.
· To calculate it we multiply together 2 factors
· PV is expressed as dm³min-¹
· Pulmonary ventilation   =   tidal volume   x  ventilation rate
              (dm³.min-¹)                        (dm³)                    (min-¹)

4. Forced expiratory volume –(FEV) is the maximum volume of air that can be breathed out in 1 second
5. Forced vital capacity (FVC) is the maximum volume of air it is possible to breath forcefully out of the lungs after a really deep breath in.

You can figure out tidal volume, ventilation rate and other measures from a graph produced from a spirometer
[image: ]













The features of the lungs that make them so good at gas exchange also make them susceptible to disease. The large volumes of air passing through the lungs may carry infectious pathogens or other microscopic particles that cause disease. Examples of diseases of the lungs: Tuberculosis; asthma; fibrosis and emphysema. 
 Pulmonary Tuberculosis 
Pulmonary Tuberculosis (or TB) is an infectious disease caused by the bacterium Mycobacterium tuberculosis. In 19th-century England one in five died of TB, and although the disease has been almost eradicated in the developed world, it is still a major killer in the developing nations, responsible for 1.5 million deaths in 2006. The symptoms are a persistent cough with chest pains, tiredness, a loss of appetite and weight loss, and in serious cases coughing up blood, wasting away and death. 
 
TB is transmitted by aerosol droplets from coughs and sneezes of infected persons.  Infection is most likely to result from prolonged exposure, such as in crowded slums or hospitals.  
· The bacterial cells are breathed in and invade the epithelial cells of the alveoli and bronchioles.  
· Here they multiply to form lumps called tubercles, in which the bacteria remain alive but dormant.  
· The tubercles stimulate an inflammatory response by the white blood cells of the immune system, resulting scar tissue that can be seen in a chest X-ray. 
· After a delay of months to years the bacteria emerge from the tubercles and start multiplying inside the lung epithelial cells, killing them. This reduces tidal volume 
· Ventilation rate increased to compensate for reduced tidal volume
· This destroys the alveoli, so making gas exchange difficult and causing the persistent cough.  
· • The TB bacteria can also spread through the bloodstream to other organs, like the kidney, bone and nervous tissue, which are destroyed as well. This causes weakness as the body wastes away and the bacteria appear to “consume” the body – hence the old name for TB: consumption.
Preventions:
· Improved housing and hygiene. TB spreads most rapidly in crowded, slum conditions. 
· Improved diet. The immune system works less well with an unbalanced diet.   
· Pasteurisation of milk and improved animal husbandry. Before this, transmission of TB from cows was common.
· Antibiotics. As a bacterial disease, TB can be treated by antibiotics. The most effective antibiotic was streptomycin, but now some M. tuberculosis bacteria have developed resistance to streptomycin, so usually a cocktail of four different antibiotics have to be used for several months.  
· Vaccination. TB can also be prevented by the BCG vaccine. This vaccine is named after the two Frenchmen (Calmette and Guerin) who developed it at the Pasteur Institute in Paris in 1921. The BCG vaccine contains a live but weak strain of  M. bovis, a similar bacterium that causes TB in cattle.  Unfortunately, the incidence of TB is currently rising due to resistance of the bacterium to the BCG vaccine and to the increase in AIDs.

Pulmonary Fibrosis
· Normal tissue is damaged
· Scars form on epithelium
· Alveoli walls become more thickened.
· Gas exchange more difficult
· Tidal volume of lungs and FVC is reduced
· Faster ventilation rate
Asthma
· Localised allergic reaction
· Triggers; pollen, fur, dust mite faeces, air pollution, cold air, exercise, anxiety, stress.
· Possible link to other allergies E.g. hay fever and eczema
· During an asthma attack the smooth muscle lining the bronchioles contracts and a large amount of mucus is produced
· This causes constriction of the airways making it difficult to breath
· Air flow in and out of the lungs severely reduced. Reduced air flow means that FEV is severely reduced
· Symptoms include wheezing, a tight chest and shortness of breath
Emphysema
· Caused by smoking or long-term exposure to air pollution
· This causes inflammation, which attracts phagocytes to the area. The phagocytes produce an enzyme which breaks down elastin (a protein found in the walls of alveoli)
· Elastin of lungs is damaged meaning alveoli can’t recoil to expel air
· Alveoli walls are destroyed so SA of alveoli reduced
· Gas exchange is reduced
· Shortness of breath-difficult to exhale air
· Chronic cough- lungs efforts to remove damaged tissue
· Bluish skin colour- low levels of oxygen in blood due to poor gas exchange
· [image: ]Increased ventilation rate to try and increase air in lungs to compensate for reduced gas exchange

Risk factors for lung disease
Smoking
Air pollution
Genetic makeup
Infections
Occupation

Correlations and causal relationships
Correlation - a linear relationship between two variables, where an increase or decrease in one variable coincides with an increase or decrease in the other variable. However the correlation does not imply causation. There may be another variable which causes both of these variables to change. 
Causal relationships - a logical relationship between one event (cause) and another (effect). There will be a correlation between the cause and effect. 
The link between smoking and lung cancer
The incidence of lung cancer is highly correlated with smoking and was established more than 50 years ago. Correlations can also be made between smoking and socio-economic background therefore there may be other causative agents. It is estimated that 90% of lung cancer deaths are caused by smoking. 
Among male smokers the lifetime risk of developing lung cancer is 17.2%, in male non smokers it is 1.3% in men. Among female smokers the risk is 11.6% and in female non-smokers it is 1.4%. 
This is because cigarette smoke contains 60 known carcinogens and also nicotine appears to depress the immune response to malignant growths in exposed tissue. 
The length of time a person smokes as well as the amount smoked increases the person's chance of developing lung cancer, and if they stop smoking this risk steadily decreases as damage to the lungs is repaired and contaminant particles are gradually removed. There is evidence that lung cancer in never smokers has a better prognosis than in smokers but if they are smoking at the time of diagnosis their survival is likely to be shorter than those who have quit. 
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