     	1
1.	Draw a diagram of the human gas exchange system.
(Total 5 marks)

 
2.	Explain how and why the breathing rate varies with exercise.
(Total 9 marks)

 
3.	The surface area to volume ratio is an important variable in determining biological structure.
(a)	Explain the importance of the surface area to volume ratio as a factor limiting cell size.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
(2)
 
(b)	Define the term absorption.
.....................................................................................................................................
.....................................................................................................................................
(1)
 
(c)	State one feature of alveoli that adapts them to gas exchange.
.....................................................................................................................................
(1)


(d)	Figure 1 below shows a cross-section through the small intestine and Figure 2 an enlarged longitudinal section through a single villus.
file_0.wmf


Figure 1	Figure 2
	[Source: adapted from M Roberts et al.,	[Source: adapted from Taylor et al.,
Advanced Biology, Nelson, 2000, page 185]	Biological Science 1
	Cambridge University Press, 1997, page 244]
 
	Using these diagrams, outline three ways in which the structure of the small intestine is related to its function of absorbing food.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
(3)
(Total 7 marks)



4.	Explain the changes in ventilation with exercise.
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
(Total 3 marks)

 
5.	Explain the need for, and the mechanism of, ventilation of the lungs in humans.
(Total 8 marks)

 
6.	Many processes in living organisms, including ventilation and gas exchange, involve moving materials. State the differences between ventilation and gas exchange in humans.
(Total 4 marks)

 
7.	What conditions are necessary for air to be exhaled from the lungs?
A.	Air pressure in the alveoli must become greater than the air pressure in the mouth.
B.	Air pressure in the alveoli must become lower than the air pressure in the mouth.
C.	Air pressure in the alveoli must become the same as the air pressure in the mouth.
D.	There is no change in the air pressure of the alveoli or the mouth.
(Total 1 mark)



8.	Which of the following changes occur with the onset of exercise?
A.	Increase in pH of blood
B.	Increase in rate of cellular respiration
C.	Decrease in rate of contraction of the diaphragm
D.	Decrease in carbon dioxide concentration of the blood
(Total 1 mark)

 
9.	Which of the following is part of the process of ventilation?
A.	Changes in the volume of the thoracic cavity
B.	Exchange of gases across the surface of the alveoli
C.	Exchange of gases across the surface of capillaries
D.	Cellular respiration
(Total 1 mark)

 
10.	Up to two additional marks are available for the construction of your answers.
(2)
	(a)	Draw and label a diagram of the carbon cycle.
(5)
(b)	Outline the mechanism of inhalation in human lungs.
(5)
(c)	Discuss the causes and effects of the greenhouse effect and ways to control it.
(8)
(Total 20 marks)



11.	How many times does an oxygen molecule cross a plasma membrane when moving from inside an alveolus to the hemoglobin of a red blood cell?
A.	Two
B.	Three
C.	Four
D.	Five
(Total 1 mark)

 
12.	What defines the terms ventilation, gas exchange and cell respiration in mammals?

Ventilation
Gas exchange
Cell respiration
A.
providing fresh air
replacing oxygen with carbon
dioxide in blood in lungs
cellular energy
production from glucose
B.
muscle movement to move
fresh air into alveoli
replacing carbon dioxide with
oxygen in blood in lungs
gases crossing the plasma
membrane of a cell
C.
muscle movement to move
fresh air into alveoli
replacing carbon dioxide with
oxygen in blood in lungs
cellular energy
production from glucose
D.
providing fresh air
replacing oxygen with carbon
dioxide in blood in lungs
gases crossing the plasma
membrane of a cell

(Total 1 mark)



13.	Blind mole rats (Spalax ehrenberghi) are adapted to live in underground burrows with very low oxygen conditions. Scientists compared blind mole rats and white rats in order to determine whether these adaptations are due to changes in their ventilation system.
Both types of rat were placed on a treadmill and the amount of oxygen consumed was measured at different speeds. This study was done under normal oxygen conditions and under low oxygen conditions. The results are shown in the scatter graph below.
file_1.wmf
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[Source: Hans R. Widmer et al., “Working underground: respiratory adaptations in the blind mole rat”,
PNAS (4 March 1997), vol. 94, issue 4, pp. 2062-2067, Fig. 1, © 2003 National Academy of Sciences, U.S.A.]


(a)	Compare the oxygen consumption of blind mole rats and white rats when the treadmill is not moving.
....................................................................................................................................
....................................................................................................................................
(1)
 
(b)	Compare the effect of increasing the treadmill speed on the oxygen consumption in both types of rats under normal oxyen conditions.
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................
(3)
 
(c)	Evaluate the effect of reducing the amount of oxygen available on both types of rat.
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................
(2)


	The lungs of both types of rats were studied and the features important to oxygen uptake were compared. The results are shown in the bar chart below.
file_2.wmf
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[Source: Hans R. Widmer et al., “Working underground: respiratory adaptations in the blind mole rat”, PNAS (4 March 1997), vol. 94, issue 4, pp. 2062-2067, Fig. 1, © 2003 National Academy of Sciences, U.S.A.]
 
(d)	Using your knowledge of gaseous exchange in lungs, explain how these adaptations would help the blind mole rats to survive in underground burrows.
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................
(3)
 
(e)	Suggest how natural selection played an important part in the adaptations of blind mole rats.
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................
....................................................................................................................................
(3)
(Total 12 marks)

 
14.	(a)	State one hormone that increases the blood glucose level.
.....................................................................................................................................
(1)
 
(b)	Outline why heavy breathing continues after strenuous exercise is completed.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
(2)
 
(c)	Explain the effect of exercise on ventilation rate.
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
(4)
(Total 7 marks)

 
15.	What happens during inhalation?
A.	Both the external intercostal muscles and the diaphragm contract.
B.	The internal intercostal muscles contract and the diaphragm relaxes.
C.	The external intercostal muscles relax and the diaphragm contracts.
D.	Both the internal intercostal muscles and the diaphragm relax.
(Total 1 mark)



16.	Up to two additional marks are available for the construction of your answers.
(2)
	(a)	List the characteristics of alveoli that permit efficient gas exchange.
(4)
(b)	Describe the structures of arteries and veins as related to their functions.
(6)
(c)	Explain the process of aerobic cell respiration.
(8)
(Total 20 marks)

 
17.	Up to two additional marks are available for the construction of your answers.
(2)
	(a)	Draw a labelled diagram showing the fluid-mosaic model of a biological membrane.
(5)
(b)	Explain the processes of active and passive transport that move materials across a membrane.
(8)
(c)	Describe the features of the alveoli that make them well adapted for gaseous exchange.
(5)
(Total 20 marks)

 
18.	Capillaries surround the alveoli in the lungs. Which pair of statements correctly describes the concentrations of oxygen and carbon dioxide in the lungs?

Oxygen
Carbon dioxide
A.
Higher in the capillaries
Higher in the alveoli
B.
Lower in the capillaries
Higher in the alveoli
C.
Lower in the alveoli
Higher in the capillaries
D.
Higher in the alveoli
Higher in the capillaries
(Total 1 mark)



19.	Award [1] for each of the following structures clearly drawn and labelled.
mouth / nose;
trachea;
bronchi;
bronchioles;
lungs;
alveoli;
diaphragm;
ribs / rib eye / intercostal muscles;
[5]

 
20.	oxygen is becoming limited;
CO2 concentration builds up in blood;
lactic acid builds up in blood;
lowers blood pH;
chemosensors detect lowered pH;
sensors in carotid artery / aorta;
send impulses to breathing centre / brain stem;
impulse sent to diaphragm;
impulse sent to intercostal muscles;
increases / decreases rate of breathing / 
contraction / relaxation of muscles;
involuntary control;
breathing rate increases to remove more CO2 from blood / lungs;
[9]

 
21.	(a)	as a cell grows, volume increases faster than surface area / surface area :
volume ratio decreases;
the rate of consumption of resources / nutrients / oxygen is a function of volume;
the rate of production of wastes is a function of volume;
the rate of exchange of wastes / nutrients is a function of surface area;
the rates of diffusion are too low relative to cell needs for larger cells;	2 max
 
(b)	absorption is taking up of a substance by the skin / mucous membranes / 
digestive tract / cell membranes / layers of cells / the bloodstream;	1
 
(c)	large total surface area / many alveoli;
a wall consisting of a single layer of (flattened) cells;
moist lining;
dense network of capillaries;	1 max


(d)	villus intestinal wall has many folds to increase surface area ( : volume ratio);
surface of villus close to blood vessels so materials can easily diffuse;
surface of villus close to lymph vessels so lipids can be easily absorbed;
greater surface area related to greater rate of diffusion;
villus wall consists of single layer of cells;	3 max
Do not accept microvilli – not visible in diagrams.
[7]

 
22.	greater muscle activity produces more CO2 / increase in respiration produces more CO2;
increased blood CO2 levels lowers blood pH / makes the blood more acidic;
low blood pH is detected by chemoreceptors in the arteries / carotid arch;
the breathing centre / respiratory centre of the brain is stimulated;
diaphragm and intercostal muscles contract more strongly / more frequently;
ventilation rate increases;
volume of air per breath increases / depth of breathing increases;
[3]

 
23.	draws fresh air / oxygen into the lungs;
removal / excretion of CO2;
maintains concentration gradient of O2 / CO2 / respiratory gases;
 
	diaphragm contracts;
(external) intercostal muscles contract;
increased volume (of thorax / thoracic cavity);
decreasing air pressure in lungs;
air rushes in down air pressure gradient;
 
	converse of the above causes exhalation;
abdominal muscles contract during active exhalation;
elastic recoil of lungs helps exhalation;	8 max
(Plus up to [2] for quality)
[8]



24.	ventilation (is): [2 max]
movement of air;
movement in and out of the lungs;
caused by muscles;
an active process;
involves mass flow / involves flow along air passages;
	gas exchange (is): [2 max]
movement of carbon dioxide and oxygen;
(occurs when) oxygen moves from lungs / 
alveoli to red blood cells / carbon dioxide
moves to lungs / alveoli from red blood cells;
(occurs when) oxygen moves from red blood cells to tissues / 
carbon dioxide moves to red blood cells from tissues;
a passive process / diffusion;
takes place across a surface;
[4]

 
25.	A
[1]

 
26.	B
[1]

 
27.	A
[1]

 
28.	(a)	Award [1] for any of the following clearly drawn and correctly
labelled.
plants taking in CO2 (making carbohydrates) in photosynthesis;
animals eating plants;
animals / plants giving off CO2 by (cell) respiration;
decomposers / micro-organisms giving off CO2 by (cell) respiration;
fossilization of plant / animal parts / store carbon as fossil fuels;
factories / cars giving off CO2 through combustion of fossil fuels;
(dead) plants / animals to decomposers / saprotrophs;	5 max


(b)	inhalation means air entering;
external intercostal muscles contract;
diaphragm contracts / flattens / moves downwards;
thorax volume increases;
	creates pressure difference / lower pressure in thorax / lungs / correct
reference to Boyles Law;
air enters lungs / inhales air by nose and mouth;	5 max
Accept any of the above points if clearly explained in a labelled diagram.
 
(c)	causes: [2 max]
increased CO2 levels (from combustion of fossil fuels by cars / transport);
	increased methane levels (from intensified animal farming / rice
(paddy / padi) fields);
increased CFCs levels (from sprays / industrial processes);
increased burning of forests / urbanization;
reduced use of N-fertilizers ( file_3.wmf
-

3

NO


 etc);
effects: [3 max]
	higher levels of greenhouse gases increase the retention of heat reflected
from earth;
cause increased temperatures of atmosphere / global warming;
increase water evaporation / droughts / crop losses;
increase melting of polar ice / glaciers / release of trapped methane;
increased levels of sea / possible flooding of coastal areas;
changing weather patterns / climatic extremes;
controls: [3 max]
	international measures to reduce combustion of fossil fuels (eg Kyoto
convention);
	reduce use of cars / combustion motors / smaller cars / drive less / lower
speed limits / mass transit;
	reduce energy consumption / use low energy light bulbs / use better
insulation in houses / increase use of electric cars;
increased protection / restoration of ecosystems / reforestation;
alternative energy sources (eg wind, solar, waves, nuclear);
eat local food;
	feasible suggestion to increase photosynthesis / reduce CO2 (eg
spreading of nutrients in ocean to induce algae growth);	8 max
 
(Plus up to [2] for quality)
[20]

 
29.	D
[1]

 
30.	C
[1]

 
31.	(a)	(blind) mole rats have a lower oxygen consumption than white
rats / numerical comparison eg white rats consume about twice
as much oxygen as (blind) mole rats / vice versa	1
NB A comparison word / term is needed, just quoting numbers from graph is not enough
 
(b)	both graphs show greater speed correlated to greater consumption / positive correlation / directly proportional;
	(overall) rate of increase is lower in white rats than (blind) mole rats;
(blind) mole rats consume less oxygen at lower speeds than white rats;
but white rats consume less oxygen at higher speeds;
white rat oxygen uptake slows down / stops increasing / reaches plateau
as treadmill
speed increases but (blind) mole rat oxygen uptake keeps increasing;
(blind) mole rats reach a higher maximum oxygen consumption;	3 max
 
(c)	lowers oxygen consumption in both types of rats;
less effect on (blind) mole rats than white rats;	2 max
plateau reached in white rats at lower speed;
(blind) mole rats have better ventilation systems / are better adapted
than white rats;
 
(d)	NB Action verb is “explain” so the adaptation mentioned must be associated
	with its effect / purpose.
	greater lung volume increases amount of air / oxygen that can be breathed in / 
contained;
	greater alveolar area increases surface area for gaseous exchange / allows more absorption / diffusion of oxygen;
greater capillary area means more contact / more exchange / larger rate of
diffusion between capillaries and alveoli;
so more oxygen can be carried away from lungs;
greater capillary area allows more oxygen absorption / gaseous exchange
between lungs (alveoli) and blood;	3 max
 
(e)	rats with adaptations survive better in low oxygen conditions / vice versa;
are able to reproduce (more) / vice versa;
adaptations are genetically determined / inherited by offspring;
leave more offspring to pass on genes / characteristics / traits;
the frequency of the allele in the genetic pool will tend to increase;
the characteristic of the species gradually changes;	3 max
[12]

 
32.	(a)	adrenalin / glucagon	1
 
(b)	during heavy exercise the muscles respire anaerobically;
lactate / lactic acid is produced / an oxygen debt occurs;
	heavy breathing to provide oxygen to break down lactate / lactic acid / 
repay debt;	2 max
 
(c)	rise in carbon dioxide level in the blood;
this lowers the pH of the blood;
detected by chemoreceptors in the walls of the arteries;
impulses sent to the breathing centre of the brain;
impulses sent to the intercostal muscles / diaphragm;
ventilation rate increases;	4 max
[7]

 
33.	A
[1]

 
34.	(a)	large total surface area;
wall of single layer of flattened cells;
moist lining;
walls elastic;
network of capillaries;
capillary walls are thin / one cell thick;	4 max
 
(b)	Each characteristic must be linked to a function for the mark to be awarded.
Arteries: Award [3 max]
thick muscular wall to help pump blood / to help distribution of blood;
thick outer wall (of collagen and elastic fibres) to withstand high
pressure / to avoid bursting / leaks;
narrow lumen results in fast-moving blood;
	veins: Award [3 max]
thin outer muscular walls so no pumping action;
thin walls allow pressure from surrounding muscles to move blood;
thin walls (of collagen and elastic) as not likely to burst / low pressure;
wide lumen allows for slow-moving blood;
valves to prevent back flow / control direction of blood flow;	6 max


(c)	cell respiration produces energy;
controlled release of energy;
by breakdown of organic molecules / glucose;
energy from them is used to make ATP;
aerobic respiration is in mitochondria;
requires oxygen;
pyruvate is produced by glycolysis / glucose broken down;
pyruvate is broken down in the mitochondria;
into carbon dioxide and water;
large production of ATP;
per molecule / mass of glucose;
much higher production of ATP than in anaerobic respiration;	8 max
[20]

 
35.	(a)	Award [1] for each feature clearly drawn and correctly labelled.
(phospho)lipid bilayer;
hydrophobic tails and hydrophilic heads;
integral protein;
peripheral protein;
cholesterol; (any shape different from lipid bilayer representation)
glycoprotein;
indication of size;	5 max
 
(b)	active transport:
lower to higher (solute) concentration / against concentration gradient;
uses energy / ATP;
protein pumps / channels;
gives a cell control;
protein pumps transport specific substances;
phagocytosis / pinocytosis;
example of active transport;
	passive transport:
diffusion;
from high to low concentration;
low to high; (but must be in context of random movement of particles)
partial / selective permeability of membrane;
example of simple diffusion;
facilitated diffusion;
protein channels;
example of facilitated diffusion;	8 max
Award [4 max] for an account that deals with only one of active
or passive transport.


(c)	large surface area (to lung);
single cell wall / layer;
moist lining;
dense network of capillaries;
single cell wall to capillary;
short distance (for gases to travel);	5 max
	(Plus up to [2] for quality)
[20]

 
36.	D
[1]



