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Regulation of water content 
2012sp(lb) 

l.(bl (i) when the fluid pusses from B to A. all glucose ,\ill be reabsorbed in the first ! 
proximal coiled tubule (1), so no glucose is present In the fluid in A 
the perccnt:ige of water reabsorbed is higher than that of urea (1), so the p�.,.ccn�e of 
urea In A is higher than that in B 

(2) 

(ii) after the loss of much w:atcr in heavy sw,::ating, the water pmcnria! or the blood (5) de.:reases ( ! ) 
this stlmuhltes the rel=c of ADH from the pituitary (I) 
ADH incn::.ises the permeability of the se<ond / distal coiled tubule and the collecting ductrowater(I) 
thus a greater proportion of/ mor,:: water will be re-Jbsorbed ( lJ from the fluid in A 
into the blood by osmosis 
ru; a result. the concentrJ.tion ofthc fluid in A increases (i) 

(iii) Simjlarirv: (2) 
both the diulvsis membiilne and the ,.va!l of the nephron aUow small mokcules such a5 
urea and oth� waste materi:tls to pass through but noi plasma proteins and blood cells 
(I) Difference: 

2012(1a) 
l. (a) (i) 

(ii) 

(iii) 

the cd!s of the wall of the nephron acr!vdy rear>sorb 1i.,efol sul:,st:mccs kg, :;!ucosc) 
into the blood. while the dialysis membrane has no such function l 1) 

regnrdless of the sodium concentration of the drinks, the greatest urine 
output occurred over the l II hour (1) 
the urine output then dropped eontinuous!y (I) until the 5th hour. 
the urine output became more or lessc the same (1) 
the urine output of the participants who consumed drinks with higher 
sodium content were usually smaller than those panicipants who 
consumed drinks with lower sodium. content (I), or vke versa 
after drinking the sports drink with O mmol / L sodium. the hypc[h:.i.!:unus 
detected an increased in the water potential of the blood (1) 
the pituitary gland released less ADH into the blood circula1ion (1) 
as a result, the wall of the collecting ducts of the kidney tubule became 
less permeable to water (I) 
thus. a smaller proportion of water was reabsorbed ( I) 
and �nee. the volume of urine output increased. 
sports drink with l 00 mmol / L sodium (I) 
smaller wine output, indicating that the body retains more water ( l) 
the net fluid balance remains high than O throughout the study (l) 

(]) 
(I) 
(I) 

(]) 

(I) 
(I) 
(]) 
(I) 

(I) 
(1) 
(]) 

2014(1a) 
L (a) (i) 

2016(1 b) 
(b) (i) 

(ii) 

• 

(ii) (1) 

(2) 

(iii) 

all glucose filtered in the kidney tubules is reabsorbed into the blood 
(]) because it is reabsorbed by means of active transport (I) 
however, only half of the urea is reabsorbed back into the blood (I) 
as urea is reabsorbed by means of diffusion only (I) 

(]) as most of the substances in the glomeru!ar filtrate are 
reabsorbed into the blood (I) 
the water potential of blood is much lower than the remaining 
fluid in the kidney tubules {I) 
hence, there is a net flow of water from the filtrate in the kidney 
tubules to the blood in the blood capillaries by osmosis (I) 

{2) antidiuretic hormone I ADH (I) 
it increases the permeability of the collecting duct to water (I) 
so more water will be reabsorbed 

glucose reabsorption increases with the plasma glucose concentration (I) 
ifit increases between O. 200 (± 20) mg dL-1 
while no glucose is excreted (1) 
beyond 200 (± 20) mg dL-1 (i.e. the threshold), reabsorption of glucose 
remains unchanged/ levels off/ remains constant ( 1) 
and excretion of glucose in urine begins and increases with the rise in 
plasma glucose concentration (I) 

the first coiled tubule / first convoluted tubule / proximal convoluted 
tubule (I) 
because the expression of the gene resulted in greater number of 
glucose transporters at the kidney tubule {I) 
hence, rate of glucose reabsorption is higher / more glucose can be 
reabsorbed per unit time/ more glucose can be absorbed for the same 
length oflcidneytubule (1) 

they fails to reabsorb all glucose from the glomerular filtrate / glucose 
reabsorption is incomplete / some glucose remains in the glomerular 
filtrate (1) 
hence the glomerular filtrate of diabetic patients has a lower water 
potential than that ofbealthy people (1) 
as a result, less proportion of water can be reabsorbed back at the 
co!lecting duct (1) 
larger volume of urine will be produced (1), and they need to urinate 
more frequently 

(4) 

(3) 

(2) 

(4) 

(I) 

(2) 

(4) 
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2017{lbJ 
(b) (i) 

(ii) 

(iii) 

2018(la) 
L (a) (i) 

(ii) 

(iii) 

useful solutes, e.g. glucose, sodium ion, amino acids, are reabsorbed 
back into the capillary by active transpon along the first coiled tubule 
(I) 
hence, water potential of the blood surrounding the tubule decreases / 
water potential of the filtrate increases (I) 
as a result, water moves out of the first coiled rubuie along the water 
potential gradient by osmosis / water molecules move along v.ith 
solutes (1) 
the amount of water reabsorbed is proportional to the amount of solutes 
reabsorbed (l) 
hence, solute roncentration remains the same as the fluid flow from 
point A to point B 
fluid at point D without ADH has a lower solute concentration than that 
withADH(l) 
ADH increases the permeability of the second coiled tubule an<! the 
collection duct (D) to water (I) 
as a result, a larger proportion of water is reabsorbed ( I), resulting in a 
higher solute concentration 

glomerulus {!) 
the wall of glomerulus is impenneable to plasma protein / protdn 
molecules are too large to piss through tbe wall of glomerulus ( l) 
if protein is present in the kidney tubule, it is most likely that the wall of 
glomerulus is damaged 

(I) 
(2) 

Group C did not dri,1k any liquid in the experiment, therefore the water 
potential of the bloo<l in persons iD group C was lower than that of the 
groups A and B (1) 
this was deiected by the osrnoreceprors .' the hypothalamus (J) 
which then stimulated the plrnitary gland to release more ADH (1) into 
the blood 
more ADH resulted in higher permeability of col!e<:ting duct of the 
nephron to water (l) 
as a result, a larger proportion of.' more water was reabsorbed at the 
collecting duct (I). i.e. Jess urine was produced 

alcohol consumption resulted in the production of more urine {l) 
more urine pnxluction suggested that the release/ production of 
ADH might have been inhibited by alcohol (I) 

tO prevent the participants from losing water through sweating (1) 
as this may reduce the urine production (I) and interfere with the results 

(4) 

(3) 

(2) 

(1) 

(IJ 

(2) 

Regulation of body temperature 
2012sp (la} 

l.(11} (i) 

(ii) 

shortly after the consumption of ice. his internal body temper:uure fell (1) with a 
concomitant rise in the skin temperature (l) 
1.hc consumption of the large quantity of ice had a cooling cffl!Ct on the blO-O<i in the 
gnr(l) 
a-; blood cirtulatcd to 1he hypothalamus (l). a fall in internal body tt-mperature was 
registered 

(iii) • as rh¢ hypothalamus reg61:ercd a fol! in internal temperature (I}, homi:()Static 
mechanism wou!d be switched on to corserve h,:,ot f Eo reduce l!�t loss so� to n.-slOrc 
the internal 1emperature 1-0 normal (1) 

(iv) 

2012(1b) 
(b) (i) 

(ii) 

(iii) 

OR 

a nervous signal v.115 sem to !he skin/ sweat glands to reduce :sweating (1) 
skin tempernrure im:n::m:d m; less hem is losr TO the surroundings by ev-.i.poration of 
swes1t(l) 
as the hypothalamus registered :t full in internal temperature (l) 
a nervous signal \YJ5 �ent to \he skin! sweut glands to reduce sweating; (1) 
\e::s heat wm; lost to the surroundings by ev.i.porution of swem ( l) 
skin 1e1nperJ.tun: increased /.1$ the rate ofh<!:!t loss is lower th.i:1 the rate of l\e.:it gain 
Ill 
slnce the r<:>Om temperawrc was kt:p\ :it 45"C, skin thcrmor�-ceptors would h�ve 
coMtantly detected this (J) and sent signals to the hypo�lamus to bring about hr:at 
loss ty sw,:ating { ! ) 
but the findings or this experiment showed that sw.,uting flucmate<l with cl;.rnges in 
imcnml L"'ily 1emp;;,r.1t1.1n, (I), indicating that environmental tempe:-a:iture plays a I�, 
do111irian1 rok in !he control of sweating 

during exereise, water is Jost mainly 
through sweating (1) 
as water vapour during expiration /exhalation/ breathing ( I) 

heat is continuously produced during exercise (I) but the participants will 
experience difficulty in temperature regulation/ may suffer from heat stroke/ 
overtv:ating (I) because 

heat can not be lost effectively through evaporation of sweat when the 
humidity is too high (I) 
heat losr through convection / radiation is hindered / body may gain heat 
from the environment (I) when the environmental temperature is high/ 
higher than !he body temperature 
more oxygen is taken in (1) 
to breakdown lactic add in the liver/ provide additional amount of energy 
for com:erting lactic add in blood to glycogen (1) 
so as to restore blood pH to normal (I) 

6a 

(}) 

(I) 
(I) 

(I) 

(!) 
(I) 

(I) 

(!) 
(1) 
(I) 
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2018(1b) 

(b) (i) 

(ii} 

(iii) 

(iv) 

increased humidity increases tlie real feel temperature (I) 
sweat evaporation will be hindered at higher relative humidities (1) 
as a result,. heat cannot be lost to surrounding effectively by sweat 
evaporation (1), leading to a feeling of higher temperawrc at lower 
relative humidities 

the effect intensifies / is stronger / is more serious at at higher 
temperatures (I) 
because gradient between body temperature and air temperature is 
narrower at a higher temperature (1) 
therefore, hi:at loss through conduction/ convection/ radiation is less 
effective (l), resulting in a feel of an even higher temperature 

Any two sets of the following, mark the first w.·o sets if more tho.n two sets; 
wind speed / air movemi..'Tll (I), higher wind speed increases cvnporation 
ofsweat(l) 

OR 

sunshine / light intensity/ sunny / cloudiness (I), skin absorbs more 
heat radiation when the intensity is higher (1) 
precipitation (l), wetted skin loses heat to warer faster through 
conduction and evaporation ( l) 

to compensate for the water loss due to continuous sweating (I) 

if the body docs not have sufficient vmter, sweiiting may be cut dO\\U 
and heat stroke may occur (1) 

(3) 

(3) 

(4) 

(!) 

Regulation of gas control in blood 
201:?.pp(lb) 

l.(h'! {iJ 
Curdiacout ut (Jm1 fmin) 
V(..'JJ\il:ition r"Jtc (dm· l min) 

5.25 
12.04 

U�ht cx.crcfac Vi orousc:«.'n.--isc 
13,05 20,9 
40.08 JOO 

(ii) Both !he cardiac output and vt:rttilation rn!c in=� with !he increa:;illg level of exercise. 
These eh,mgl!$ emibk: a �ter supply of oxygen und glu� to reach the skeletal musck-s 
for respiration to prnduce more energy for contruction. 
and speed up the n::mo\-al o( carbon dioxide and lnctic acid to prevent their accumu!o.tion in the 
body and muscle:; n:sp,.-ctively. 

(iii) Ouring c;,;crcbc, the sympathetic nerve innervating ihc hear! is more uctiw :ind increa.,,,:,; it,;. 
output (rck.:i.":«.'S more noradrenaline)/ stimulates the ndrenal gland !O reka� morc adrenaline. 
·111i� srimu!at,:� the SA, !H,idc to im.:rca:;c it_,; uc11vity. 

rhus incre:i.xmg b<.,th the hc:m rote a11d �trokc volume and hence the cardiac outpuL 

(iv) During ,igorou.s cxerciw, the person sweat,, more lo pn::v�"llt ovcrhellting of the body. 

2013(\a) 

The wutcr h.,� l1Ue to sweating results in u JC\.-rca:-c in the water potential of the blood. 
The pi1uitury gbnd i.-. s1iint1lated tt) s..-cretc more ADH inio the blood. 
whkh makes the collecting dui..'1.5 of1bc nqihrons in the kidneys more p�Tme11ble to w.1!cr so thar 
u greater proponion ,;,fwatcr is rcabsorbcJ along the oolkcting dueK 

1-lcm.:c. a smaller volume ofunnc 1� produced. 

I. (a) (i) sinoatrial (SA) node J pacemaker (l) 

(ii) 

(iii) 

(iv) 

the structure initiates electrical impulses that spread through the walls 
of both atria {I) 
prompting the atria to contract at the same time ( l) 
the impulses then pass to atrioventricular (AV) node {l) 
which relays signals to the ventricular waits to initiate contraction of 
both ventricles after the contraction of the atria (1) 

blood flows from lungs via the pulmonary vein ( ! ) 
and then enters into left atrium (I) 
as the bicuspid valve is open at this stage. the blood flows further into 
the left ventricle (l) 

adrenal gland secretes more adrenaline (1) 
which stimulates the heart muscle to contract more rapidly (1) and 
more strongly{!) 

(]) 

(4) 

(3) 

(3) 
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2014(IbJ 
(b) (;) 

(ii) 

left ventricle (I) 

venous return detennlnes the volume of blood available inside the 
ventricle { l) 
while the strength of contraction detennines the amount of blood 
pumped our (1) 

(iii) contraction of skeletal muscles. especially in the limbs squeezes the 
veins (1) 

o, 
increasing the blood flow from veins ( J) 
thus, more blood is returning to the heart via the vena cava (I) 

bmithi.ng depth increases during exercise (I) 
the thoracic pressure becomes more negative (1) 

• to assist the upward movement of blood along the vena cava (1) 

(iv) • because marathon runners have to run a long distance than JOO m 
runnen, their muscles need to sustain contractions for a longer time (l) 
if they run at the speed of 100 m race, the oxygen supply to muscles will 

(I) 

(2) 

(3) 

be insufficient (I) (5) 

2015(lb) 
(b) (i) 

(ii) 

(iii) 

muscles will cany out anaerobic respiration (1) to produce lactic acid 
• as a result, lactic acid accumulates in the muscles (1) 

leading to muscle fatigue (l). i.e. the muscles fail to contract any more 

increase the m::n:ous output from cardiovascular centre of the brain to the 
pacemaker (I) 
increase the secretion of adrenaline from adrenal glands {I) 

Increase blood tlow to skeletal muscles can 
supply more oxygeti and nutrients to the musdes (I) 
for respiration to provide energy (J) for musde contractions 
and to rc1n,:m: carbon dioxide (I) from nrnscie :it adequar,: spe.:d 

musde contractions/exercise produce he;i1 ( J) 
th•mnoreceptors in the hypothalamus .' skin detect th.: incn:.ase in bvd) 
temperature (1) 
heat loss centre in 1hc hypoihalamus ls stimuJaicd to send out ncrYe 
impulses (J) 
10 cause vasodi!ation of the artcrioks near the skin surface (1) to increase 
the blood flow to promote heat Joss 

(2) 

(3) 

::Z016(Ja) 
I. (a) (i) 

(ii) 

(iii) 

OR 

2017(la) 
I. (a) (i) 

(ii) 

(iiiJ 

The longer the duration of vigorous exercise, the more the contribution of 
energy from aerobic respiration / the shorter the duration of vigorous (I) 
excise, the more the contribution of energy from anaerobic respiration (1) 

(I) glycogen--+ glucose-> lactic acid/ lactate+ ATP 
(2) 

(!) (!) 

(2) to provide extra oxygen (I) 
for the breakdown of lactic acid / lactate produced (1) during the (2) 
exercise period 

more sympathetic nerve impulses will be sent to the intercostal and 
diaphragm muscles (I) 
for faster and stronger contractions ( l) 
that increases the breathing depth and rate/ ventilation (1) 
for rapid gas excltange / loading of oxygen to the blood (1) 

(4) 
more sympathetic nerve impulses will be sent to the SA node (I) 
for faster and stronger contraction ofheart (1) 
that increases the heart rate and stroke volume (I) 
for rapid supply of more blood to the muscle ( l) for continuous 
contraction 

motor area of the cerebrum {1) (l) 

(!) high/ increased concentration of carbon dioxide in blood (I) 
when she held her breath in water, the body cells continued to 
produce carbon dioxide through respiration (I) (3) 
however, the carbon dioxide could not be excreted through 
exhalation duri11g the breath holding (1) 
as a result, carbon dioxide aecumulated in the blood 

(2) the high concentration of carbon dioxide \-':as detected by the 
cben1oreceptors at medulla/ carotid body I aortic arch (I) 
this. in turn, stimulated the respiratory centre in the medulla (l) 

(4) more m:rve impulses were then sent !O the respiratory muscles 
(i.e, intercostal muscles and diaphragm muscles) (1) 
the respirluory muscles contracted faster and more powerfully (I) 

vasoconstriction of arterioles in her skin occurs (l) 
thls reduces blood flow to the skin surface (l), tbus lower skin 
«m,=rure 
to reduce bea.1 loss to the surrounding / to conserve core body 
temperature(!) (3) °' 
shivering ( [) 
the respiration rate of muscle increases (1) 
to produce more heat ( l) to inerease body tempe.ratllre 
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2019(1bJ 
(bl (i) 

(ii) 

(iii) 

I I) 
(2) 

rurdiac output remIDned more or Jess the same i slightly incr=c in the 
hydrated group over the course of exper:imcnts but dropped <:ontinually 
in the dehydrated group { 1) 
as cardiac output indicates the amount of nutrients and oxygen supply ( l ) 
to skeletal muscles 
for respiration to release energy ( l) 
to support the musek contractions ( J) 
therefore, the constant supply uf .:ncrgy to musck:s in the hydr,ucd g:roi1p 
allo\-1.'S them to maintain the cycling :-peed while the decr.:a.� <:nergy 
supplied to muscles in the dehydrated gr(.lup resulted in their failun.: in 
maintaining the cycling speed ( 1) 

stroke volume t ! i 
without replenishment, there \.\.'aS a net water loss in the clehydrato:d 
group because of continuous sweating ! br1.,-athlng during the 
course of experiment (I) 
this leads to the drop in their total blood volume ( 1 ), hence stroke 
volume 

the i.troke volume of the dehydrated group was lower thnn that of the 
hydrated group ( l ) 
thus, the he::rrt rate increases to rompensnte the decrease in stroke volume 
! the heart needs lo pump faster to keep a high cardiac output for 
supponing the exercise (I) 

(5) 

(2) 

(2) 

Hormonal control of the reprodt1c1ive cycle 
2012pp(la) 

(iil ,\ l1igh I.!! kvel stimulate� the ruptured follicle to develop into a corpus lu1eum (yellow hody) 
after day !-l. 
The produciion ,Jfpmgestcwnc by tbc corpus luteum :i.ccounts for the conti1tuous rise in pla.�1nu 
<:(>nce111w1,on 01· progesterone from duy 14 ouwards. 
The high level oC prngestcroni: (;iftcr day ;.[q indicates that this woman is p�gnunt and th<: corpu$ 
lutcum <.:ontinu.:s to pr,:,ducc progesterone. 

(iii) A signilic.ul! drop in ihc progcsti:ronc kvd will c.iusc miscarriage/ cause the d<:tachmcnt of the 
uterine lining' lri�er mcnstnmtion. 

tiv) 

2013(1 b) 
(b) 0) 

A high progesterone k:vd atlcr day 14 causes th� levels of both FSH and LI I to become low 
Ata low lcwl orFSH and LH, then: is no folliculardcwfopmcnt, no matur:llion ,1fcgg. 
and h\!l'lcc no ov1.1lation will t11kc place, 

Thus, prnge�teronc can be used u,� a drug for contraception. 

high level of progesterone inhibits the secretion ofFSH (J) and LH (1) 
from the pituitary 
the low level of FSH is not sufficient to stimulate fol!ieular 
development(l) 
the low level ofLH is not sufficient to stimulate ovulation (l) 
as a result, no fertilization takes place (1) 

(ii) (I) breakdown of utet'ine lining (1) which may lead to possible 
miscarriage / abortion (l) 

(2) progesterone maintains the thickness / thickening of the uterine 
lining/ increases vascularisation / blood supply (l) 

• so mat fue p\acenta f em'otyo can attat::'n to the -ateime Ymlng more 
recure/y ( 1) 

(5) 

(2) 

(2) 
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2015(\a} 
]. (•) (ii Any two of the following: 

2019(1a} 

(ji) (I) 

(2) 

sperm e-0unt (I)/ abl.llld:Ul� 
appearance of sperm (l) for abnormality 
motility of spenn (l) 

there should be a surge / an increase in the levels of FSH and LH 
before ovulation (I) 
such that there are enough FSH to stimulate the dt:velopmi:nt of 
foHictes in the ovaries (1) 
and enough LH to trigger ovulation (1) 

both are essential to the fertility ofa woman 
• to make sure that the oviducts are not blocked (1) 
• so that the ovum and sperm can go through for fertilization {l) 

{iii) (1) this shows that the uterine lining has not broken down in the last 
cycle (I)
which indicates possible implantation of embryo (I)

(2) the yellow body continues to s.::crete progesterone and oestro_gen 
{I) 
these honnones maintain ! further increase the thickness of the 
uterine lining (l) 

therefore, there is no menstruation 

L (a) (i) (l) • the corpus luteum: yelJow body in ovaries degenerates (l) 
Jc-dding to a decrease in the production of oestrogen (1) 

(2) 

(iiJ (IJ 

(2) 

oestrogen is sccn."lcd by the developing follicle in ovaries (l) 
resulting in an increased oestrogi.'tl level durlllg this pcriod { J} 
in Graph l, the lcvcl of FSH increased as the kvd of ()..'Strogen 
decreases in the later period in the first cycle, which corresponds 
to the 0t.-�1:rogen treatment in the 3,d cycle (I) 
following trcatment v..'lth additional O:X'Strogcn shown in Graph ::! , 
FSH level remained !ow ( l) as long as the women received 
oestrogen injections 
FSH level started t.) rise- again after the OC$lrngcn rrcarmcm wa,-.. 
stopJXd / discontinued ( l} 
this showed that oestrogen has a ncgauve foedb:ick on FSH le\ cl 
inhibil'> the productiou rdcasc ofFSH ( l) 
oe:.u-ogcn in contrac�tivc pills inhibits FSH production. as a 
r<...'Sll.lt. thi.-re wil! be no fol lick development { l l 
therefore. there will bc no mature egg for ovul.:i.tion / no ovuiation 
(1) 

(2) 

(3) 

(2) 

(2) 

(2) 

� 
(2) 

(2) 

(-1) 

t.2) 

Hu111an impact:; on the environment 
2012pp(2n) 

1.(a) (i) 1--fark-and-rtt:iptur<: method (e.g. mark tbc bird.� at the sit<! m Canru:la by putting Sf)<.'Cillc ring� on 
llw kgs of lht: birds and cb.cd.: if the l'ingcd birds be retrieved at the wintering ground in the U.S.A,) 1 lnsla!lmg a GPS tl"..t\:"king device on the birds 

(ii) (!) 

('.!) 

{3) 

(41 

lbs, avcrJgc Ji,nuury tcmpcmturc in 1hc U.S.A, show:; an i:m:n:asing tn:n<l. 
Ow bird SJX-'"Cies have shift�-d their 11·inta -destination forthe.r non.h a� these area, haw 
!xc,1mc warmer.A$ the northcrn par! �comes warmer. the bird.� L"llll find a suil:lble habit:u with adcqu:tte food supply for winlerini; ,vi thou I flying farther south 
Th<.1 migta1.ory bird sp...'"<:ies may com� for food! territory with native bird specie<. become the prey ,:;f nati';e bird species and this may J,:,ad 10 a growth in the popllhltion ofthe native birds. 
(Ac.;ept other com:ct al tentatives.) 
The auno�phcric concentration of carbon dioxide I methane (greenhouse gases) ha:; been 
mcn:asini: due to tl� incre.ising con.�umption of fossil fuefa (for stming carbon dioxide as the gn..'i!nhml$e ga.9 /rt:uing of llvestock or d<."tOmposition or increasing 11mOunt of orsanie 
waste dumped in landfills (far staling methane as the greenhmm:gas). When the P.anb. �--urfoce emits (the) mdintion (it absorbs from the sun) into I.he atrnosphcre. the r.idfotion is lTllppcd i ubsorbt..-d by the gnxnhoum: gases and warms the utmospherc. 
This le.ids to global wanning and thus the increase iu the average January tcmperuture. 

Provided by dse.lifeProvided by dse.life




