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1 (a thin / flat ;
large / high, surface area to volume ratio / small / low, volume to surface area ratio ;  R large
surface area (on its own)
(SA:V ratio) 5.95:1 ;  A anything between 5:1 and 7:1 or suitable calculation e.g. 2 × (12.5 ×
3.0) / 12.6

body surface is gas exchange surface ; 
no cell is far from surface / short (diffusion) distance ; 
ref. diffusion of, oxygen / carbon dioxide / gases ;  A gas exchange by diffusion   
A description of diffusion as movement from high to low concentration  
low, activity / metabolic rate / metabolism ; [4 max] 

(b) (i) cell membranes impermeable to sodium ions ;
(as) sodium ion channels are not present (in cell membranes) ; 
active transport / active uptake ;  A sodium pumps to take up sodium ions 
move sodium ions against their concentration gradient ; 
uses, energy / ATP ; 
R refs to cell walls / impermeable skin [2 max] 

(ii) ref. to, (nerve) impulses / action potentials / depolarisation / resting potential ;  treat ref.
to electric as neutral
helps to maintain, water / solute / osmotic,  potential of, body fluids / named body fluid ;
helps to maintain, osmotic / electrolyte, balance ;
ref. to, urine formation / osmoregulation ;
absorption of glucose / co-transport ; [1 max]

[Total: 7] 
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2 (a accept without label lines if not ambiguous e.g. if written correctly on diagram
only accept more than one line for each if all are correct

[3] 

(b) (both) atria pump blood to ventricles ;
same / short, distance ;

right ventricle pumps blood to lungs ; 
short distance / at low(er) pressure / at approx 3.2 kPa / at approx 24 mmHg ;   ora i.e. (left 

ventricle) greater distance / high(er) pressure / at approx 15.8 kPa / at approx 
120 mmHg  

less resistance, in lungs or pulmonary circulation / greater resistance in the systemic 
circulation ; 

left ventricle pumps to, whole body / AW ; 
correct ref. to (muscular) walls ; e.g. same (thickness) in atria 

thicker / thinner, in ventricles 
more / less, muscular, in ventricles 

right ventricle pumps with lower / less, force ;   ora  [4 max] 
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(c) accept once only for either nicotine or carbon monoxide
damages lining of arteries ;
promotes, atheroma / atheromatous plaques / fatty plaques / arteriosclerosis /

atherosclerosis ; 

nicotine 
increases heart rate ; 
increases blood pressure ; 
makes platelets ‘sticky’ ; 
increases chance of blood clotting / promotes thrombosis ; 
decreases flow of blood to, extremities / AW ; 
constriction of blood vessels ;   R contraction   R capillaries (2 max) 

carbon monoxide 
combines with haemoglobin / forms carboxyhaemoglobin / higher affinity for haemoglobin 

(than oxygen);   R absorbed, reacts with, bonds to 
reduces oxygen carrying capacity (in context of, haemoglobin / blood) ; 
promotes release of damaging free radicals / peroxides / super oxides / oxidising agents ; 
causes platelets and neutrophils to stick together / platelets to stick to endothelium ; 
hypoxia can damage heart muscle ; (2 max) [4 max] 

[Total: 11] 
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3 (a volume of air breathed, in / out, with one breath ;   A volume of air exchanged in one breath
ignore refs to at rest [1]

(b) (tidal volume and) vital capacity are measurements associated with, exercise / fitness ;
vital capacity is total volume of air that can be expired after maximum inspiration / vital

capacity is sum of inspiratory reserve + tidal volume +  expiratory reserve ; 
differences between the groups (in tidal volume) could be due to larger, lung / vital, capacity ; 
AVP ; [2 max] 

(c) before / after recovery from, exercise ;

either 
measure tidal volume, by breathing out into a bag ; 
multiply by number of breaths per minute ;   A total tidal volume in x minutes ÷ x 

or 
use a spirometer / described ; 
ref to taking recordings from a trace / use of a, kymograph / datalogger ;  [2 max] 

(d) (bigger lungs so) more alveoli ;   A greater surface area (of alveoli)
more, bronchioles / airways ;   R more bronchi
wider, bronchioles / airways ;
larger number / higher density, of capillaries (around alveoli) ;
thinner wall / shorter distance, between air and blood / AW ; [2 max] 

(e) partial pressure of oxygen is low ;   A low concentration of oxygen / less oxygen
more haemoglobin (is required / produced / synthesised / available) ;
compensates for smaller volume of oxygen absorbed / compensates for lower saturation of

haemoglobin / more oxygen can be carried (per unit of blood) ; 
ref to, EPO / erythropoeitin ; [2 max] 

[Total: 9] 
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(a)4 functionunction S

facilitated diffusion of glucose B

creates a current to move mucus A ; 

aerobic respiration C ; 

makes ribosomes E/C ; 

a site of transcription G/E/C ; 

packages proteins into lysosomes J ; [5] 

(b) alveoli – accept ora for bronchus

thin, cells/walls/epithelial lining/epithelium (for alveoli) ;   A 1 cell    
thick   A 0.5µm 
short diffusion distance ;  
well supplied/better supplied, with blood/capillaries ; 
(alveoli provide) large surface area (when expanded) ; 
less/no/thinner layer of, mucus ; [max. 3] 

(c) less/no/damaged, cilia ; A  paralysed/not beating  R killed
flat cells/squames/squamous epithelium ;
layers of cells ; R thicker unqualified
scar tissue ;
much mucus ;
inflamed ; R infected  A goblet cells enlarged
deposits of tar (idea of) ; [max. 3] 

[Total: 11] 
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5 (a microvilli ; R villi

increase the surface area for absorption/movement across membrane/AW ;
A excretion/secretion [2] 

[2] 
(b) (mitochondria) synthesis/AW, ATP ; R energy A provide, energy/ATP

for active, uptake/transport ; A any other active method such as pinocytosis/secretion

(c) 4.7/4.8/5.0/5.2 ;; A 5

29 mm/29 000
6000 

or 

30 mm/30 000 
6000 

Award one mark if answer incorrect or length incorrectly converted but correct formula used 
i.e. image length divided by magnification of 6000  [2] 

(d) secrete/make/produce/release mucus ;
pathogens/bacteria/viruses/microorganism/dust/AW stick to mucus ; A trapped by mucus
idea that pathogens/AW do not reach

the cells lining the trachea  
or the cells lining the bronchi  
or the alveoli ; 

prevents pathogens/AW entering the circulatory system ; 
reduces chances of infection ; [max 3] 

(e) thin(ner)/flat(ter) ; A squamous not columnar ;
(far) fewer mitochondria ;
no microvilli ; [max 2] 

[Total: 11] 
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6 (a) mp 1 for naming the cell types in the epithelium  
cell names not required for mps 2 and 4 

1 

2

3 

4

goblet cells and ciliated epithelial cells ; A ciliated cells 

goblet cells 
 produce / AW, mucus ; R ciliated cells produce mucus 

mucus, traps / AW, pathogens / AW ;  
treat, dust / particles, as neutral unless qualified  
e.g. allergens / asbestos dust can be credited

 ciliated (epithelial) cells 
 cilia / ciliated cells waft / move mucus to back of throat / away from lungs / to be swallowed ; 

A away from alveoli / gas exchange system 
R goblet cells waft  
R idea that cilia present all the way to the stomach  
R idea that whole ciliated cells move [max 3] 

[max 1] 

(b) in context of smooth / involuntary muscle
need a large supply of / AW, ATP / energy ;
so able to synthesise large supply of ATP ; R energy
energy / ATP, for muscle / contraction ;

(c) bronchi / bronchus, and trachea ; [1] 

[Total: 5] 
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