A Level 5101093

SURFACE AREA AND VOLUME

Surface area : volume ratio

Edexcel A Topic |

- Smaller or ganisms have o larger surfoce area : volume (5A.V) ratio rohoe surface area
- As size increases, SA:V ratio decreases volume
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Exchange and transpor+
. Organisms need to exchange substances with the environment
- woste products (e.g. carbon dioxide, urea) need +o be excreted
> oxygen ond glucose are needed for aerobic respiration
- heat is also exchanged
- Unicellular organisms - can rely on diffusion Yo exchange substances
- short diffusion distance from cell surface to centre of cell
- larger SA.V ratio
- Multicelular organisms ~ need exchange and transport systems because rate of diffusion from the
surface to the centre of the organism is +00 slow
- long diffusion distance from body surface to centre of body
- smaller SA:V ratio so cannot exchange enough substances through surface

Oxygen consumption
+ Rs body mass increases, rate of oxygen consumption per unit mass decreases
- respiration releases heat
- a small animal with ahigher 5A:V has faster heat loss per gram of body mass, so has a faster
rate of respiration to replace hea+t
= larger organisms lose less heat through their surface due to smaller SA:V rotio o less
respiration is required to replace heat

Remember when comparing heat
loss you have to look ot heat loss
per unit of body mass in order +o
make valid comparisons.
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WATER
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Structure

- Two hgdrogen otoms share electrons with one oxygen atom (covalent bonds)

+ Electrons pulled towards oxygen - hydrogens have a partial positive charge

» Oxygen has two lone (unshared) electron pairs - oxygen has a partial negative charge

+ R dipolar molecule due o uneven charge

- Partial char ges attract other water molecules
- this forms hydrogen bonds

)

Properties
- Good solvent — dipolar water molecules surround and are attracted to ions, which separates the ions
- water molecules form hydrogen bonds with other polar molecules so they dissolve and
can be +ransported

-
7 S \%{ ® Tons are charged
= i (either positive or
) ®{/®;\; /i :‘\ /@ \ nega-‘ri\/e).
i (@rr @)
>® ‘/ /;:\:‘ z f\\:’/} o
O=C

. 5+ron9 cohesion — dipolar water molecules stick together with hydrogen bonds
- water flows well because it is a cohesive liquid

. Hish latent heat of vaporisation = lots of energy needed +o break hydrogen bonds
= uses lots of heat energy o evaporate so it has a cooling effect

Sweat forms droplets on the
skin then uses heat energy
from the skin to evaporate,
cooling you down in the process.
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CIRCULATORY SYSTEM

Human circulatory system
- Consists of the heart and biood vessels

Edexcel A Topic |

+ Double circulatory system - one loop through the P“'”J:O“ny
heart and lungs, one loop through the heart and body ey

+ Transport system needed due +o low surface area +o vena
volume ratio and long diffusion distance gt=r S

= cannot rely on diffusion alone +o transport enough
oxygen ond nutrients to cells
+ Blood +ronsports oxygen, carbon dioxide, glucose, omino
acids, urea, hormones, and many other +h‘m95 VEiNs

aorta
lmona
P arl-crj

Imona
Pleins I

supeqor
vena cava

PulV(.il'\S H

This is +he external structure of the
heart. The blood vessels may appear
corona branched ond crossed over. More about

inferior arteries the heart on the next page.
vena cova

Blood vessels Folded

+ Arteries - transport oxygenated blood away from the heart endothelium

(except the pulmonary artery)

= thick layer of muscle tissue can contract to maintain
high blood pressure

- elastic fibres allow stretch and recoil to maintain high
blood pressure

~ collagen layer to withstand high blood pressure

- folded endothelium allows expansion under pressure

- coronary arteries supply the heart muscle with blood endothelium ilar
J PP (one cell P J
- Capillaries - endothelium is one cell thick to give a short diffusion +nick) ‘

distonce for exchange
- site of gos exchange

- large number to increase surfoce area for exchange lurnen
SMooth
+ Veins > fransport deoxygenated blood towards the hear+ endothelium

(except pulmonary vein)

- wider lumen +han arteries +o reduce resistance ‘o blood flow

collosen

under low pressure

- +hinner walls (less muscle and elastic +issue) +han arteries
because blood pressure is lower

- blood under low pressure 50 valves prevent backflow

- smooth endothelium ‘o reduce resistance +o blood flow wider

— outer collagen layer for structural support
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THE HEART
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Human hear+ structure

. Four chambers with muscular walls - two atria, two ventricles Puc'!%arﬂ g aorta
. R13h+ side pumps deoxygenated blood +o the lungs \
semi-lunay puimonar

+ Lef+ side pumps oxygenated blood to the body vein
- Walls of ventricles have more muscle +han walls of atria  vena
- stronger contraction needed to produce higher blood COVQ%
pressure o get blood to the whole body ond lungs
+ Wall of lef+ ventricle has more muscle than the right ventricle .
- blood mus+ be under higher pressure to travel round the
whole body so stronger contraction needed
- Atrioventricular valves and semi-lunar valves prevent backflow
of blood when they close
+ Cords prevent atrioventricular valves being forced into atria

cords
ri3h+
ventricle

left ventricie

Cardiac cycle
+ Changes involume and pressure due to.contraction and relaxation of the-atria ond ventricles
- One cycle = one heartbeat

® .F\+r'\a\ systole: ® @ ©)

Ventricles relax (ventricular diastole) | I ! |

- Atria contract - volume decreases, cemi-lunar
pressure inCreases Semi-lunar valves close
- Atrioventricular valves are open . valves open
- Blood forced into ventricles (volume 27 \
and pressure rise slightly)
v I E, contraction relaxation of
@ Ventricular systole: § of ventricles veniricies
- Atria .re\ax (otrial diastole) tg- atrioventricular filing of afria
- Ventricles contract - volume contraction v?lves and passive Flow
decreases, pressure increases of or/bn"a rgl\cat%hgn fo ventricles
- Atrioventricular valves close Sy —
- Semi-lunar valves open atrioventricular) fine. (ms)
+ Blood forced into aorta and puimonary  valves close
artery _____\eftventricle

(3) Cardiac diastole:
« Atria still relaxed
- Ventricles relax
- Semi-lunar valves close
« Blood returns to the atria - volume and pressure increase
- Atrioventricular valves open — passive flow from atria +o
ventricles

The las+ s+09e is called
cardiac diastole because all
chambers are relaxed.

+ Blood flow is unidirectional - pressure changes cause valves +o open or Close
e.g. when pressure is higher in the atria than the ventricles the atrioventricular valves open, and
when pressure is higher in +he ventricles than the atria the atrioventricular valves close
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THE HEART

Investigating the effect of caffeine on heart rate
+ Daphniaare good organisms to use
- transparent bodies so the heart is visible
- invertebrates have undeveloped nervous systems so are less likely +o feel pain (but could still be
considered unethical o use a l'\v‘mg organism that cannot consent for an experimen+)
- aquatic organisms so can take in caffeine from a solution by diffusion
+ Immobilise a Daphnia using a cavity slide
- add the same volume of caffeine solution and allow time for it to acclimatise and the caffeine to
be absorbed
- have a control solution with no caffeine to allow comparison of heart rate
+ Use atleas+ 10 Daphnia for each coffeine concentration - allows calculation of a mean and
identification of anomalous results (increases validity of comparisons)
+ Count heart rate for a short amount of +ime e.g. 20 seconds
- the cavity slide can be viewed under a microscope
- use a clicker +o keep count of the beats
= heart rate is very fast soless chance of errors if only counting for a short time
+ Control biotic factors e.g. age and size of Daphnia
+ Control abiotic foctors e.q. temperature of solution
+ There is a positive correlation between caffeine concentration and heart rate
> use a statistical tes+t +o see if the Correlation is significant

Edexcel A Topic |

well Yo contain
Dophnio in solukion

cav'rhj slide
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CARDIOVASCULAR DISEASE
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Atherosclerosis
. H'\Sh blood pressure damaSeS the ar+er3 endothelium

- Inflammatory response to damage lurnen
- white blood cells and cholesterol from LDL cholesterol partiall
blocked

accumulate to form an atheroma
« Calcium salts and fibrous tissue build up with +he atheroma
and a ploque forms
+ Atheroma narrows the artery lumen
- blood flow is reduced and blood pressure increases further

- If the b\ockage is in the coronary arteries it can lead to a atheroma formin 3
myocardial infarc-tion (heart ottack) under 0r+er3
- the heart muscle t+issue is not receiving enough oxygen endothelium

for aerobic respiration
- cardiac muscle contraction is weaker and tissue death
con occur

Biood clot+ing
- Damage to the artery endothelium exposes collagen > thromboplastin is released by platelets
+ Thromboplastin - enzyme which conver+ts prothrombin to +hrombin
- Calcium ions are needed for +he conversion of prothrombin +o +hrombin
+ Thrombin > enzyme which converts fibrinogen (soluble protein) +o fibrin (insoluble protein)
- Fibrin forms a mesh of protein fibres and +raps red blood cells » a blood clot forms
+ Blood clots can block arteries > blocking the coronary arteries could result in a heart at+ock
- blocking an arteryin the brain could result in a stroke
- cells do not receive enough oxygen and glucose for aerobic respiration

+hromboplas+in
fibrin

e e

prothrombin -Hr\rombin/) *Fibrinoaen

Cardiovascular disease (CVD) +reatments
- Antihypertensives ~ lower blood pressure so reduce risk of damage +o arteryendothelium and
therefore reduce risk of an inflammatory response and atheroma formation
= side effects inClude dizziness, nausea, muscle cramps, kidney failure, fainting
- Statins - reduce LDL cholesterol produced by the liver so reduces risk of atheroma formartion
- side effects include headaches, dizziness, nausea, liver damase, muscle pain
+ Anticoagulants - reduce blood clot+ing so reduce risk of arteries becoming blocked
- side effects inClude blood in urine or faeces, severe bruising, prolonged nosebleeds
+ Platelet inhibitors — reduce risk of blood clots forming so arteries are less likely to be blocked
- side effects include rashes, digestive problems, prolonged nosebleeds, nausea
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CARBOHYDRATES
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. Carbohgdraﬂs contain carbon, hgdrogen and oxygen

Glucose

- A monosaccharide with the formula C,H,0, Monssacclf}\)af‘-’:dzs a_:e small

. A hexose monosaccharide (six carbon atoms) in a ring structure soluble ecasr I)‘hti rz‘se - cde
monomers. o n

+ Soluble in water - easily transpor-ted J
fructose and salac-rose.

- Main energy source for animals and plants

- used as a respiratory substrate
- Two isomers: o-glucose ond p-glucose - H ond OH groups on carbon linverted in B-glucose

u-glucose b CH,OH B-glucose b CH,OH
I I carbon numbers
°C O{ OH
/ T \ i /
\‘? l/ NoH
I I I I
H OH H OH

NP2
\3 I

Glycosidic bonds, condensation and hydrolysis reactions
+ Condensation reaction = +wo molecules join +o form a new chemical bond and a water molecule is
eliminated
. Hydrolgs'\s reaction = a water molecule is used and the chemical bond is broken
- Condensation reactions form 9I3c05'\d‘|c bonds between monosaccharides ‘o create disaccharides and
polgsaccharides
. Hydroigs'\s reactions break glycosidic bonds between monosaccharides

CH OH ucose CH OH 3‘“" ose Polﬁsacchoride with Slacosidic bonds
c—% - c—% Fhon | SR
/ ! AN a ANV 4 \
C H C\ /C\ OH | / \ OH OH
| ]
HO \c'—c/ A% N
I|-I | del <ot Il-I (|)H H,0 .nserl-ad H,0 .nserh»_d
condensation
CILHZOH reacror\ CILHzO':/ maltose CH,OH lhgdroysis reackion
cC—oO H H CI —0 H H H O oH
ANV OH H
b on H oH H C\ +HO HO H CH,OH o
HO \C C|L C— Cl; OH H OH WA OH
T OH H
! Sl'jcos'd'c' | (I)H monogacchorides — HO H
oo bond M "

Disaccharides
+ Two monosaccharides joined +oge+her with a 9\3c051d'\c bond in a condensation reaction
- Maltose = o- glucose + &-glucose
- Sucrose = ~-glucose + fructose

Monosaccharides ond
- Lactose = B-glucose + galactose

disaccharides are sugors.
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CARBOHYDRATES

Polysaccharides
+ Lorge polymers of monosaccharides joined with glycosidic bonds

A Level Bio\ogg
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. Starch ond Slgcogen are \arge enersg s+or03e molecules which cannot leave cells - too \arge to

diffuse across the cell-surface membrane

Starch
+ Glucose storage in plant cells
= hydrolysed when glucose is needed for respiration
- Insoluble in water - does not have an osmotic effect on the cell
. F\mglose - unbranched o-glucose po\gsacchar\de (K% 3\3cos&dic
bonds)
- compact (coiled s+ructure) so more glucose can be
stored in a small space
. F\mglopecﬁn - branched u»glumse po\gsacchar\de (L% ond 1,6
9\3Co5&dic bonds)
- branches give more terminal ends for faster
hydrolysis by enzymes (amylase), and it is
compact

Glscogen
- Excess glucose storage in animal cells
= hydrolysed when glucose is needed for respiration
- Insoluble in water - does not have an osmotic effect on the cell
. H'\Shlg branched o-glucose polysaccharide (% and 1,6 glycosidic
bonds) » more terminal ends for rapid hydrolysis
. Compac+ 50 More Slucose can be stored in a small space

Page 20f2
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Branches are attached
with 1,6 glgcosidic bonds.
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L TPIDS
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+ Lipids contain carbon, hydrogen and oxygen 0 H |_I| H
N
: C—R LH LH CH

Fattyacids J Y \\/l\'/l\'/l\'
+ Have a variable R group ~ +he hydrocarbon +ail ~ HO  variable / I I I —H
- Saturated fatty acids have no double C=C bonds in group HO H H H

the hydrocarbon tail hydrocarbon fail (saturated)
- Unsoturated fatty acids have one or more double C=C "I| double

bonds in +he hydrocarbon tail so the ehain kinks C b°§d H l'l'l
. Hydrocarbor\ tails are hydrophobic (insoluble in water) \ / I-I-I\C é H ¢ H
+ Can lower pH because they are acidic Ho/ 'I_| \ C:,/ 'l‘ \ 'I —H
Triglycerides l H H

+ One molecule of glycerol bound +othree fattyacids hydrocarbon toil (unsaturated)

. Fa++3 acids join to glycerolina condensation reaction - anester bond is formed and a water molecule
is released

- Three water molecules released and +hree ester bonds formed for each +ri 3\3ce_ride

+ Ester bonds are broken by a hydrolysis reaction

. Energy store — hydrocarbon tails release a lot of energy when broken down

- Insoluble in water - do not have an osmotic effect on the cell

» Clump together in droplets with the hydrophobic hydrocarbon tails facing inwards

three ester

@)
T %C—R H bonds Know how to relate
H—(C— .(m o H— é R structure o function.
| Ne—r | K
H—C— — H—=C R o’mlcerude o e
,, drople’r @/33
S

T |
H—C—of™\ “e—r H—C R
N\ L @ Nageo

9lycerol 3 fatty acids +ri3\3ceride +3H,0 R‘"S acids

Lipase hgdrolyses +ri 313cerides to fatty
acids and glycerol in +he qut. Fa++8 acids
ond glycerol con be absorbed.

Phospholipids phosphate
+ One molecule of glycerol bonded +o +wo fat+yacids and a hydrophilic group
phosphate group glycerol

- Phosphate groups are hydrophilic, fatty acids are hydrophobic

hydrophobic
« Form a bilager in cell membranes ~ hydrophilic phosphate Jeropnon! ggté
!
groups attract water either side of the bilayer
- See Topic 2 for more on +he phospholipid bilayer hydrophilic
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VITAMIN C CONTENT

Invesﬂga-\-‘ms vitamin C content

Edexcel A Topic |

+ DCPIP - a blue indicator dye which turns colourless when vitamin C is present
- Titration with DCPIP can be used +o find vitamin C content of food and drink
+ To produce a calibration curve using known concentrations of vitamin C:

I) Make aobout six different concentrations of
vitamin C solution.

2) Measure +he same volume and concentration of
DCPIP into six tubes.

3) Add a vitamin C solution dropwise +o each one,
shak‘mg ofter each addition for +he same
amount of time.

) Record the volume of vitamin C solution +aken +o
turn the DCPIP colourless.

5) Repeoat twice more and calculate a mean for each
concentration. Only use concordant results (do
not use anomalous results).

6) Plot on a graph and draw a line of best fit.

w
(o
1

X

volume. of solution +o
decolourise DCPIP (em?)
°

X

X

.0

07 04 O0b 08 10
vitamin C concentration (mg cm™3)

- Repeat the experiment using solutions of unknown vitamin C concentration
- record the volume of solution required +o decolourise DCPTP
- use the calibration curve to read across and down to find the vitamin C concentration

+ 1f extracting vitamin C from solid food, extract from the same mass of sample by soaking in water

for a set+ amount of time

. Consider relevant control variables e.q. temperature, volume and concentration of DCPIP
9 P

Raw foods will contain more vitamin
C +han cooked food because vitamin
C is able to diffuse into cooking
water and be destroyed by +he heat.

Pagelo{l
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HEALTH RISK FACTORS

Blood cholesterol and CVD
- LDL cholesterol
= a lipoprotein consisting of saturated triglycerides packaged with cholesterol and protein
- transpor+ts cholesterol in the blood
- binds to receptors on cell-surface membranes and gets taken into cells by endocytosis
- accumulates in the blood if all receptors are occupied and can be deposited to form atheromas in

Edexcel A Topic |

arteries
- increases ‘otal blood cholesterol
- HDL cholesterol
= a lipoprotein consisting of unsaturated +r'\9l3cer'\des packased with cholesterol and protein
= transports cholesterol from the blood to +he liver for excretion or recycling
- reduces total blood cholesterol
+ The ratio of LDL +o HDL cholesterol is a risk factor for CVD
- high LDL cholesterol relative +o HDL cholesterol increases +otal blood cholesterol and CVD risk
- blood tests can check this ratio

O+her CVD risk factors
» Genetics — some alleles increase the chances of having high blood pressure or high blood cholesterol
- Diet - a high salt diet increases blood pressure which increases risk of damage to the artery
endothelium
> a high saturated fat diet can increase blood LDL cholesterol

- Age > CVD risk increases with age People can use knowledge

+ Gender - men are more likely +o develop CVD +than women of these risk £factors to

. Hish blood pressure = increases risk of damage to the artery change their lifestyle and
endothelium lower their risk, but some

. 5mok‘m9 - nicotine stimulates release of adrenaline which are not controllable.

increases blood pressure
- carbon monoxide reduces the amount of oxygen transported
in the blood so tissues (e.s. heart muscle) receive less oxygen
+ Inactivity - not getting enough exercise increases blood pressure and
means someone is more likely +o be obese
. Obesi+3 > ahigh body mass index (BMI) can increase blood pressure

- Perceived risk can be different +o actual risk
- people could inaccurately report their dietary intake or exercise
- people could overestimate or underestimate the importance of certain risk factors due to lack of
reliable information
- family history may not be fully known
- lack of education means tha+t people might not be aware of risk factors
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HEALTH RISK FACTORS

Ener gy imbalance and body mass index (BM1)
Energg bud9e+ - +he amount of ener 9y +aken in (in food and drink) versus +he amount of energy used
up e.g. in metabolic reactions and through exercise
- An imbalanced energy bud9e+ con result in weight gain or weight loss
- Excess ener 9y is stored as glycogen and fat in cells - leads to weight gain and increased BMI
- Excess sugors are converted to fat - leads to weigh+ gain and increased BMI
- BMI is calculated within a range on a scale of values > a healthy BMT is between 1B and 25
- greater than 30 is clossed as obese
. High BMI is reloted to high blood pressure (therefore increased CVD and stroke risk)
+ Increased body mass con damage cartilage in joints
. High BM1 is related to reduced sensitivity of insulin receptors and increased risk of +ype 2 diabetes
» Waist to hip ratio is another way to assess whether someone is obese
- ratio above | is a risk factor for CVD

Edexcel A Topic |

Lipase inhibitors could help
BMI = bOd:j ‘“QSS("S) waist to hiP _ waist (cm) treat obesity by reducing
= he_'lSNz (m?) ratio " hips(cm) lipase activity in the gut.

Evaluatin g studies
- Gtudies need to be valid and reliable
- a valid study is well controlled 50 only one variable is be'\r\g tested
- areliable study uses alarge sample size, using people who are representative of the population
be'\ng studiede.g. British women who do not smoke
- a reliable study can be repeated by other scientists to get the same result
- Evidence can be cothcﬁng - one 5+ud3 may identif y some-Hr\'mS 0s a risk factor whereas another
5+ud3 m13h+ conclude it is not a risk factor
- Standard deviation is an indication of the spread of data around the mean
- overlapping standard deviations shows there is likely to be no significant difference between the
means (but +his should be confirmed with a statistical test e.ga +-test)
= using stondard deviotion increases the va\idi+3 of the meon

o In +his (made upl) data, increasing activity level is

3 207 T standard associated with a decrease in relative CVD risk. However
S 15 1 T"’ deviation there is no s'\gn‘hficamL difference between low and medium,
if, LO - 1 and medium ond h'\gh, because the standard deviotions

: ]: overlap. There is only a significan+t difference between low
z.g 0.5 ond hi 9h. However this does no+ necessarily mean that

B there is a casual relationship (see below).

0O low medium  h; 3h

1In an evaluotion, You would also need +o comment on the
achvriB level

validity of the conclusion e.g was it alarge sample size.
Correlation vs causation
- A correlation meons +hat a chanse in one variable is associoted with a chan ge in another

- does not necessarily mean +hot +he char\ge in one variable caused the change in the other
- correlation can be positive or negative

» Controliing as many variables as possible makes a conclusion of a causal relationship more valid
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