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Gas Exchange in Organisms

Gas Exchange in Organisms

Cellular respiratio n is a pro cess o ccurring in all living cells that releases energy  in the fo rm o f ATP

This energy is released when substrate mo lecules such as gluco se is o xidised

Organisms use this energy to  perfo rm impo rtant life functio ns such as nutritio n and excretio n

Aero bic respiratio n requires o xygen to  o ccur and it pro duces carbo n dio xide as a waste

pro duct

Living o rganisms acquire this o xygen fro m their enviro nment and release carbo n dio xide

back into  their surro undings

The pro cess by which these gases are exchanged between living o rganisms and their

enviro nment is called gas exchange

This includes o xygen uptake and the release o f carbo n dio xide by o rganisms

In plants, carbo n dio xide will be abso rbed and o xygen released during the day as a result o f

pho to synthesis

Gas exchange takes place by the pro cess o f diffusio n, the rate o f which is determined by the

fo llo wing facto rs:

Siz e o f the respirato ry surface - the bigger the surface, the higher the rate o f diffusio n

Co ncentratio n gradient

Diffusio n distance - the sho rter the distance, the higher the rate o f diffusio n

Small, unicellular o rganisms such as amo eba have a large surf ace area co mpared to  the vo lume

o f cyto plasm and a sho rt diffusio n distance

This means that the rate o f diffusio n is sufficient to  supply the o rganism with eno ugh o xygen

to  functio n

Single Celled Organism Diffusion Diagram

Small, unicellular organisms have a large surface area to volume ratio and a short di�usion distance to

allow for e�ective gas exchange to occur
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Challenges of gas exchange in organisms

As an o rganism increases in siz e, the challenges o f gas exchange beco me greater

This is because an increase in siz e  will result in a:

Smaller surface area to  vo lume ratio

Greater diffusio n distance

Large, multicellular o rganisms therefo re canno t rely o n diffusio n alo ne  to  supply every cell with

o xygen

Ano ther challenge is that the external surf ace  o f these o rganisms are designed to  pro vide

pro tectio n to  the tissue underneath and is therefo re no t suitable as a respirato ry surf ace

The cells o f large, active  o rganisms will require mo re o xygen than smaller, less active o rganisms

in o rder to  meet their metabo lic demands

These o rganisms will require specialised o rgans  fo r gas exchange

Exam T ip

Make sure that yo u do  no t co nfuse respiratio n and gas exchange with each o ther. Respiratio n is a

chemical pro cess o ccurring in all living cells while gas exchange refers to  the diffusio n o f o xygen

and carbo n dio xide acro ss a respirato ry surface.

Gas Exchange Surfaces: Properties

To  maximise the rate o f  di�usio n o f o xygen and carbo n dio xide, gas exchange surfaces require

certain pro perties which include:

Permeability  in o rder fo r gases to  mo ve acro ss the surface

T hin tissue layer to  create a sho rt di�usio n distance fo r o xygen and carbo n dio xide

Presence o f mo isture  so  that gases can disso lve

This will facilitate the di�usio n o f gases acro ss a gas exchange surface

Large surf ace area so  that many gas mo lecules can di�use acro ss at the same time

Maintaining a Concentration Gradient

A steep co ncentratio n gradient will ensure a high di�usio n rate  acro ss a gas exchange surface

In o rganisms, this will allo w the di�usio n o f o xygen into  the bo dy and the di�usio n o f carbo n

dio xide o ut o f the bo dy

These co ncentratio n gradients are maintained in the fo llo wing ways:

A dense netwo rk o f  blo o d vessels  to  pro vide a large surface area fo r the di�usio n o f gases

Blo o d pro vides a go o d transpo rt medium fo r bo th o xygen and carbo n dio xide

A co ntinuo us blo o d �o w in the blo o d vessels to  ensure that o xygen is co nstantly

transpo rted away fro m the gas exchange surface and carbo n dio xide to wards them

This ensures that o xygen will always di�use into  the blo o d and carbo n dio xide o ut o f the

blo o d in the lungs

Ventilatio n with air in lungs and water in gills to  bring o xygen clo se to  the gas exchange

surface and to  remo ve carbo n dio xide
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The alveolus is the gas exchange surface in humans where a concentration gradient for oxygen and

carbon dioxide is maintained

Alveolus Diagram
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Mammalian Lungs: Adaptations

Mammalian Lungs: Adaptations

Air mo ves in thro ugh the no se and mo uth befo re it is carried to  the lungs thro ugh the trachea

The trachea is a tube suppo rted by rings o f  cartilage  which help to  suppo rt its shape and ensure

it stays o pen while allo wing it to  mo ve and flex with the bo dy

The trachea divides to  fo rm the two  bro nchi (singular bro nchus) with walls also  strengthened

with cartilage and a layer o f smo o th muscle that can co ntract  o r relax to  change the diameter o f

the airways. Bo th trachea and bro nchi are lined with ciliated epithelium to  remo ve particles

trapped in mucus that enter the airways

One bro nchus leads to  each lung

Bro nchio les  branch o ff the two  bro nchi to  fo rm a netwo rk o f narro w tubes

The walls o f the bro nchio les are lined with a layer o f smo o th muscle  to  alter the diameter o f

the bro nchio le tubes

This helps to  regulate the flo w o f air into  the lungs by dilating when mo re air is needed and

co nstricting when e.g. an allergen is present

Gro ups o f alveo li are fo und at the end o f the bro nchio les

Each alveo lus is surro unded by an extensive netwo rk o f capillaries  to  pro vide a go o d blo o d

supply  fo r maximum gas exchange

Human Gas Exchange Syst em Diagram

The main structures of the human gas exchange system
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Adaptations of mammalian lungs for gas exchange

Each mammalian lung is co mprised o f many, small alveo li

These pro vide a large surf ace area fo r gas exchange

Alveo li are gro uped aro und the ends o f bro nchio les, which spreads o ut to  fo rm a branched

netwo rk acro ss each lung 

This ensures an even distributio n o f alveo li thro ugho ut the lungs

The clusters o f alveo li are surro unded by an extensive capillary bed

This pro vides an increased surf ace area fo r the diffusio n o f o xygen and carbo n dio xide

between the alveo li and blo o d

Deo xygenated blo o d enters the capillary beds fro m a branch o f the pulmo nary artery while

o xygenated blo o d leaves the capillary beds via a branch o f the pulmo nary vein

This maintains the co ncentratio n gradient  o f o xygen and carbo n dio xide between the

alveo li and blo o d

Cells o f the alveo lar wall secrete a substance called surf actant  which lo wers the surface tensio n

in the alveo li

This prevents the alveo li fro m co llapsing and sticking to gether during expiratio n

Human Alveoli Diagram

Many, small alveoli and an extensive capillary network are examples of how the mammalian lung is

adapted for gas exchange

Exam T ip

Make sure o f the termino lo gy that yo u use here; do  no t co nfuse the alveo lar wall with a cell wall.

The alveo lar wall is a single layer o f epithelial cells that fo rms the alveo li, while a cell wall is a rigid

structure that surro unds a plant cell.
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Mechanism of Ventilation

Ventilation: Mechanism

Ventilatio n is essential fo r the effective exchange o f  gases  in the lungs

It replaces o lder air in the lungs with fresh air fro m the external enviro nment

This helps to  maintain the co ncentratio n gradient o f o xygen and carbo n dio xide between the

alveo li and blo o d

Ventilatio n invo lves inspiratio n (breathing in) and expiratio n (breathing o ut)

Inspirat ion

The breathing-in, o r inspiratio n, pro cess causes the vo lume o f  the chest to  increase  and the air

pressure to  decrease  until it is lo wer than the atmo spheric pressure

When gas is in a large vo lume co ntainer that allo ws the gas particles to  spread o ut, the

pressure exerted by the gas o n the walls o f the co ntainer is lo w

As a result, air mo ves do wn the pressure gradient  and rushes into  the lungs

A gas will always mo ve do wn a pressure gradient fro m an area o f high pressure to  an area o f

lo w pressure

The inspiratio n pro cess

The diaphragm co ntracts  and flattens, increasing chest vo lume

In additio n to  the flattening o f the diaphragm the external interco stal muscles co ntract ,

causing the ribcage to  mo ve upwards  and o utwards; this also  increases chest vo lume
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The process of inspiration

Expirat ion

Breathing o ut, o r expiratio n, o ccurs mo stly due to  the reco il o f the lungs after they have been

stretched by the inspiratio n pro cess, and is therefo re a mainly passive pro cess
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Vo lume o f  the chest decreases and  pressure increases, causing air to  be fo rced o ut do wn its

pressure gradient

When gas is in a lo w vo lume co ntainer it is co mpressed, causing the gas particles to  exert

mo re pressure o n the walls o f the co ntainer

The passive expiratio n pro cess

External interco stal muscles relax, allo wing the ribcage to  mo ve do wn and  in

Diaphragm relaxes  and beco mes do me-shaped

The reco il o f elastic fibres  in the alveo li walls reduces the vo lume o f the lungs

The expiratio n pro cess can be active when there is a need to  expel excess air fro m the lungs e.g.

when blo wing o ut a candle

The active expiratio n pro cess

Internal interco stal muscles  co ntract  to  pull the ribs do wn and  in

Abdo minal muscles co ntract  to  push o rgans upwards against the diaphragm, decreasing

the vo lume o f the chest cavity

This causes  f o rced exhalatio n

The process of passive expiration
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Measuring Lung Volumes: Skills

Measuring Lung Volumes

It is po ssible to  investigate the effect o f exercise o n ventilatio n using an apparatus called a

spiro meter

It co ntains a chamber filled with water which is co vered by a hinged plastic lid

The perso n partaking in the experiment breathes thro ugh a mo uthpiece which is co nnected

to  the spiro meter chamber

The plastic lid mo ves up and do wn as breathing o ccurs

The spiro meter chamber co uld be filled with either air o r o xygen

When filled with air, it can be used to  determine lung capacity  in different co nditio ns

When filled with o xygen and so da lime (fo r abso rbing carbo n dio xide), it can measure o xygen

co nsumptio n in different co nditio ns

Spiro meter traces  are created by:

Drawing a line o n a revo lving drum as the lid mo ves

A co mputer which draws a graph o f the results

Several measurements can be made  using spiro meter traces such as:

Ventilatio n rate

Tidal vo lume

Reserve vo lumes during inspiratio n and expiratio n

Vital capacity

A classic spirometer can be used to investigate ventilation
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Using a spirometer to monitor ventilation can also be carried out with an electric spirometer

Analysis of spirometer trace

The effect o f exercise o n ventilatio n can be seen in the spiro meter trace belo w

Page 10 of 32
For more help visit our website www.exampaperspractice.co.uk



T idal volume

The tidal vo lume  is the vo lume o f air inhaled and exhaled during no rmal breathing

Exercise will lead to  an increase in the tidal vo lume as mo re air is mo ved in and o ut o f the

lungs 

We do  have the po tential to  take extra deep breaths

The maximum vo lume o f air that can enter the lungs during inspiratio n is kno wn as the

maximum inspirato ry level

Similarly, the maximum vo lume o f air that can be exhaled during expiratio n is kno wn as the

maximum expirato ry level

Inspirat ory and expirat ory reserve volumes

The reserve vo lumes  o f the lungs refer to  the extra vo lume o f air that can be inhaled o r exhaled

when taking an extra deep breath and are determined as fo llo ws:

The di�erence between the maximum inspirato ry level and tidal vo lume is called the

inspirato ry reserve vo lume

The di�erence between the maximum expirato ry level and tidal vo lume is called the

expirato ry reserve vo lume

Vit al capacit y

The vital capacity  (VC) refers to  the to tal amo unt o f air exhaled after taking a deep breath

This can be calculated by adding the tidal vo lume  (T V), inspirato ry reserve vo lume  (IRV) and

expirato ry reserve vo lume  (ERV) to gether

VC = TV + IRV + ERV

Vent ilat ion rat e

The ventilatio n rate  can be determined by co unting the number o f inhalatio ns o r exhalatio ns per

minute

Exercise will cause an increase in the ventilatio n rate as yo u will be taking mo re breaths per

minute
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Gas Exchange in Plants

Leaf Adaptations for Gas Exchange

Gas exchange in plants o ccur thro ugh the leaf

The leaf co ntains the fo llo wing tissues:

Epidermal tissue  fo rming the o uter bo undary o f the leaf

Meso phyll tissue  that make up the bulk o f internal structure o f the leaf

Vascular tissue which transpo rts substances between the leaf and the rest o f the plant

Epidermis

This is fo rmed by a single layer o f tightly packed cells 

The leaf has an upper and lo wer epidermis which pro tects the inner parts o f the leaf

The lo wer epidermis co ntains tiny po res called sto mata (singular sto ma)

Each sto ma is surro unded by two  guard cells  which co ntro ls the o pening and clo sure o f the

po re

When water mo ves into  the guard cells they beco me turgid and change shape which

o pens the sto mata

They beco me flaccid when water is lo st and this causes the sto mata to  clo se

Sto mata are the structures thro ugh which gas exchange  o ccur in a leaf

They allo w fo r the diffusio n o f o xygen and carbo n dio xide into  and o ut o f the leaf

The epidermis is o ften co vered by a waxy layer called the cuticle

This fo rms an impermeable barrier

Mesophyll t issue

These are fo rmed by parenchyma cells  which co ntain chlo ro plasts

This is where pho to synthesis o ccurs in the leaf

Two  types o f meso phyll tissue are fo und in the leaf:

Palisade meso phyll fo rms a layer beneath the upper epidermis and co ntain many

chlo ro plasts fo r maximum pho to synthesis

Spo ngy meso phyll co ntains large air spaces between the cells fo r gas exchange to  o ccur

Vascular t issue

Vascular tissue is arranged in vascular bundles  and is respo nsible fo r the transpo rt o f

substances aro und the plant

Vascular bundles fo rm the veins  in leaves 

Xylem transpo rts water and mineral io ns fro m the ro o ts to  the leaves

Phlo em transpo rts the pro ducts o f  pho to synthesis  fro m the leaves to  o ther parts o f the

plant

St ruct ure of  a Leaf  Diagram
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The structure of a leaf has distinct layers each with their own function

Adaptations for gas exchange

The leaf has several adaptatio ns that facilitate gas exchange

Leaf  Adapt at ions f or Gas Exchange Table

Adaptatio n Function

Waxy cuticle

Prevents gases and water vapo ur fro m leaving thro ugh the

epidermis so  that gas exchange must o ccur thro ugh sto mata.

This allo ws gas exchange and water lo ss to  be co ntro lled

Epidermis

Co ntain sto mata fo r gas exchange. Mo st sto mata are fo und in

the lo wer epidermis where the temperature is lo wer. This

reduces water lo ss

Air spaces Maintains a co ncentratio n gradient o f gases between the air
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and spo ngy meso phyll cells by allo wing mo vement o f gases

Spo ngy meso phyll Increases the surface area fo r gas exchange

Guard cells
Co ntro l gas exchange and water lo ss by o pening o r clo sing

sto mata

Veins

Xylem vessels bring water to  the leaf which is required fo r

pho to synthesis and transpiratio n. Pho to synthesis requires

carbo n dio xide to  diffuse into  the leaf while transpiratio n

invo lves the lo ss o f water vapo ur

Transpiration: Consequence of Gas Exchange

The majo rity o f pho to synthesis takes place in the leaves  o f plants

So me plants are able to  carry o ut pho to synthesis in the cells o f their stems 

During pho to synthesis, carbo n dio xide is taken in by the leaf  and o xygen is released

The po res in the epidermis o f  the leaf  thro ugh which this gas exchange takes place are

kno wn as sto mata (singular sto ma)

The sto mata need to  be o pen all the time in o rder fo r gas exchange, and theref o re

pho to synthesis, to  co ntinue

The pro blem fo r plants is that as the sto mata o pen to  allo w gas exchange to  o ccur, water in the

f o rm o f  water vapo ur is also  lo st thro ugh the sto mata

This water lo ss is kno wn as  transpiratio n

Mo st plants can use cells called guard cells to  clo se their sto mata in o rder to  reduce water

lo ss, but this will also  reduce gas exchange and therefo re their rate o f pho to synthesis

Transpiratio n is the inevitable co nsequence o f  gas exchange in the leaf

There are so me advantages to  the pro cess o f transpiratio n

It pro vides a means o f co o ling the plant via evapo ratio n

The transpiratio n stream is helpful in the uptake o f  mineral io ns

The turgo r pressure o f the cells, due to  the presence o f water as it mo ves up the plant,

pro vides suppo rt  to  the leaves and to  the stems o f no n-wo o dy plants

Leaves with high turgo r pressure do  no t wilt and therefo re have an increased surface area

fo r pho to synthesis

Transpirat ion in t he Leaf  Diagram
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The loss of water vapour from leaves by evaporation through the stomata is unavoidable as gas

exchange for photosynthesis can only occur when the stomata are open

Factors affecting the rate of transpiration

Air mo vement

Mo re air mo vement leads to  increased rates o f  transpiratio n

The air o utside a leaf usually co ntains a lo wer co ncentratio n o f  water vapo ur than the air

spaces inside a leaf, causing water vapo ur to  diffuse o ut o f  the leaf

When the air is relatively still, water mo lecules can accumulate  just o utside the sto mata,

creating a lo cal area o f  high humidity

Less water vapo ur will diffuse o ut  into  the air due to  the reduced co ncentratio n

gradient

Air currents, o r wind, can carry water mo lecules away f ro m the leaf  surf ace, increasing

the co ncentratio n gradient  and causing mo re water vapo ur to  diffuse o ut

Temperature

Higher temperatures lead to  higher rates o f  transpiratio n, up to  a po int at which

transpiratio n rates will slo w 

An increase in temperature results in an increase in the kinetic energy  o f mo lecules

This increases the rate o f transpiratio n as water mo lecules evapo rate o ut o f  the leaf at

a f aster rate

If the temperature gets to o  high the sto mata clo se to  prevent excess water lo ss

This dramatically reduces the rate o f  transpiratio n
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Light intensity

Higher light intensities will increase the rate o f  transpiratio n up to  a po int at which

transpiratio n rates will level o ff 

Sto mata clo se in the dark and their clo sure greatly reduces the rate o f transpiratio n

Sto mata o pen when it  is light to  enable gas exchange fo r pho to synthesis; this increases

the rate o f transpiratio n

Once the sto mata are all o pen any increase in light intensity has no  effect o n the rate o f

transpiratio n

Humidity

Higher humidity levels reduce the rate o f  transpiratio n 

If the humidity is high that means the air surro unding the leaf  surf ace is saturated with

water vapo ur

This causes the rate o f transpiratio n to  decrease as there is no  co ncentratio n gradient

between the inside o f the leaf and the o utside

At a certain level o f humidity, an equilibrium is reached; water vapo ur levels inside and

o utside the leaf are the same, so  there is no  net lo ss o f water vapo ur fro m the leaves

Several environmental factors a�ect the rate of transpiration in plants
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Exam T ip

Take no te that the mo vement o f water mo lecules during transpiratio n is no t  by o smo sis. One o f

the requirements o f o smo sis is that water mo lecules mo ve acro ss a cell membrane, which do es

no t happen during transpiratio n. We therefo re say that water vapo ur diffuses  o ut o f the leaf

thro ugh sto mata during transpiratio n

Measuring the rate of transpiration

The effect o f  enviro nmental f acto rs o n the rate o f  transpiratio n in plants can be measured

using a piece o f equipment called a po to meter

No te that while po to meters are used to  measure transpiratio n rates, they technically

measure the rate o f  water uptake  rather than the rate o f transpiratio n, as a small amo unt o f

the water taken up by a plant will be used in pho to synthesis

Because the amo unt o f water used in pho to synthesis is so  small in relatio n to  the to tal

amo unt o f water that passes thro ugh a plant, the rate o f  water uptake can reaso nably

be used to  represent the rate o f  transpiratio n

Different types o f po to meter exist

Bubble po to meters  measure the mo vement o f  an air bubble alo ng a water-filled tube

co nnected to  a plant sho o t as water is drawn up by the sho o t

The po sitio n o f the air bubble is reco rded at the start o f  an experiment , and then a

researcher can either measure ho w f ar the bubble mo ves in a set amo unt o f  time, o r

time ho w lo ng it  takes f o r the bubble to  mo ve a certain distance

Mass po to meters  measure the change in mass o f  a water-filled test tube  co nnected to  a

plant sho o t as it lo ses water o ver a set amo unt o f time

The effect o f vario us enviro nmental f acto rs  o n transpiratio n can be measured by placing the

po to meter in different co nditio ns e.g.

Wind speed

Humidity

Light intensity

Temperature
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A bubble potometer uses the movement of an air bubble to measure the rate at which water is drawn up

by a plant shoot. In this image the air bubble will move to the left along the tube as the plant transpires

Enviro nmental facto rs can be investigated in the fo llo wing ways

Air mo vement

A f an o n different settings  co uld be used to  vary the flo w o f air aro und a plant sho o t

Humidity

Enclo sing the plant sho o t in a plastic bag can increase the humidity

A humidifier o r dehumidifier co uld be used to  give a measurable variatio n in humidiy

Light intensity

A lamp at different distances  o r with different types o f  light bulb  can be used to  vary

light intensity

Temperature

A thermo meter o r temperature pro be  can be used to  find surro undings with different

air temperatures

A heater o r air co nditio ner can be used to  give a measurable variatio n in temperature

A researcher wo uld need to  be aware o f the impo rtance o f co ntro lling any variables o ther than

the variable being investigated  to  ensure that any results are valid e.g. placing a plant sho o t in

di�erent ro o ms co uld be a way o f varying temperature, but might bring the risk o f also  varying light

levels and humidity; these variables wo uld need to  be co ntro lled
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Drawing Leaf Structure: Skills

Drawing Leaf Structure

Yo u will be expected to  identify the fo llo wing structures in the leaf  o f  a dico tyledo no us plant :

Chlo ro plasts

Cuticle

Guard cells

Sto mata

Upper and lo wer epidermis

Palisade meso phyll

Spo ngy meso phyll

Air spaces

Vascular bundles (xylem and phlo em)

St ruct ure of  Leaf  Diagram
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Diagram showing the transverse section of a leaf
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Drawing a plan diagram

Plan diagrams are drawings made fro m micro graphs o r fro m viewing specimens under a lo w

magnificatio n

Keep the fo llo wing in mind when drawing a plan diagram:

No  individual cells  are drawn, o nly tissue layers enclo sed by lines sho uld be present

Pay attentio n to  the distributio n o f  tissue  thro ugho ut the plant o rgan

Use a sharp pencil and draw clear, co ntinuo us  lines

Do  no t shade  any part o f yo ur drawing

Make sure yo ur pro po rtio ns and o bservatio ns  are accurate

Draw what yo u actually see, no t what yo u wo uld expect to  see fro m a textbo o k

Draw yo ur drawing big eno ugh to  fill up at least half the available space

When labelling yo ur plan diagram remember to : 

Use a ruler to  draw label lines, no t freehand

Avo id  using arro wheads and make sure the label lines sto p at the structure

Make sure label lines do  no t cro ss each o ther

Write all labels ho riz o ntally, no t at different angles

Page 21 of 32
For more help visit our website www.exampaperspractice.co.uk



Worked example

The fo llo wing micro graph sho ws a transverse sectio n o f a dico tyledo no us leaf.

Draw a labelled plan diagram o f this micro graph.

By Berkshire Community College Bioscience Image Library, Public domain, Wikimedia

Answer:
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Determining Stomatal Density: Skills

Determining Stomatal Density

The density o f  sto mata (the number o f sto mata per unit o f area) can be a useful measurement to

bio lo gists

To  assess the plant's likely respo nse  to  a dry spell o f weather

To  predict its behavio ur in windy o r wet climates if the plant was being mo ved fo r agricultural

/ ho rticultural reaso ns

This technique can be used to  assess ho w sto matal density varies  fro m species to  species

Apparat us

A plant to  sample a leaf fro m

Clear nail varnish (ideally so lvent based)

Sello tape

Micro sco pe

Micro sco pe slides

Stage micro meter

Co unting device (clicker/ pho ne app etc.)

Calculato r

Met hod

Select a leaf fro m a live plant  and cut it o ff the plant

Geraniums and spider plants  make go o d subjects fo r this experiment

Place the leaf upside do wn o n a flat surface such as a tile o r wo rkto p

Paint clear nail varnish o nto  the underside o f the leaf

Wait fo r the nail varnish to  dry (appro x. 5 minutes)

Peel o ff the layer o f varnish using sello tape

Discard the leaf

The layer o f varnish no w fo rms a leaf  cast

Place the dried varnish impressio n o n a micro sco pe slide

A co verslip is no t required  as this isn't a bio lo gical sample, just an impressio n o f o ne

A dro p o f  water is no t required either, so  lo ng as the sample is laid flat o n the slide

Use the usual steps to  f o cus o n the sample (yo u can read abo ut this in o ur revisio n no te o n

micro sco pe skills)

Adjust the z o o m such that a co untable number o f sto mata are visible in the field o f view

Between 15 and 100 is ideal

Even if a sto ma is partially visible at the edge, still co unt it as 1

Co unt the sto mata in that field o f view

Yo u may wish to  use a clicker o r pho ne app  so  yo u do n't lo se co unt!
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Mo ve the field o f  view to  ano ther area o f the nail varnish layer and repeat

Co unt at least 3 separate fields o f view and take a mean value

Repeat readings allo w yo u to  eliminate ano malo us results  and calculate a reliable mean

Measurement s t o t ake

Use a stage micro meter to  measure the diameter o f the field o f view

This has to  be at the same magnificatio n po wer that yo u used when co unting the sto mata

The stage micro meter will be calibrated in micro meters

A typical micro sco pe allo ws the scientist to  lo o k at a field o f view o f abo ut 0.5 mm diameter

when o n full po wer (× 400)

Yo u will have calculated a mean number o f sto mata per field o f view fro m the previo us stage

Yo u can read abo ut using a stage micro meter in o ur revisio n no tes o n micro sco pe skills

Worked example

A study reveals a mean co unt o f 16 sto mata per �eld o f view at a magni�catio n o f × 400. The

stage micro meter calculates the diameter o f the �eld o f view at a magni�catio n o f × 400 to  be

0.4 6mm

Calculate the sto matal density based o n these data. Give units in sto mata per mm

Use a value o f π = 3.14 and give yo ur answer to  the nearest who le number o f sto mata.

2
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Answer: 

Step 1: Calculate the radius o f  the field o f  view

Radius = Diameter ÷ 2

Radius = 0.46 mm ÷ 2 = 0.23 mm

Step 2:  Calculate the area o f  the field o f  view

Area = πr  = π × 0.23

Area = 0.1662 mm

Step 3: Divide the mean number o f  sto mata by the area o f  the field o f  view to  calculate

density

Density = 16 ÷ 0.1662 = 96.27 sto mata per mm

Step 4 : Ro und to  the required precisio n (nearest who le number)

Density = 96 sto mata per mm

2 2

2

2

2
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Limit at ions

No t all plant species  have easily accessible sto mata that create a stro ng imprint

So lvent-based nail varnish can destro y so me o f the cell structure it co mes into  co ntact with

Do es the plant gro w mo re sto mata (guard cells) acco rding to  the co nditio ns in each individual

habitat?

Water-based nail varnish is safer to  use but dries mo re slo wly

NOS: Reliability of quantitative data is increased by repeating measurements

Reliability refers to  the level o f  trust  that we can place in numerical measurements

These types o f measurements are kno wn as quantitative data

Repeating the sto matal co unt fo r the same species o f leaf under the same co nditio ns will

increase the reliability  o f the results

It is very po ssible that the data gathered during a single co unt co uld co ntain erro rs that we

may no t be aware o f

Taking repeated measurements will identify ano malo us measurements  and allo w us to

calculate a mean

Ano malo us measurements are tho se that deviate  fro m the expected measurements

Ano malies are o mitted  when calculating the mean fo r a data set

If repeated sto matal co unts deliver similar results, the data is said to  be reliable

We can therefo re place a higher level o f trust in the data than what wo uld have been po ssible

if we go t very different results with every co unt

Repeating measurements is a crucial step in gathering data during a scientific investigatio n

Exam T ip

Ano malo us results are so metimes referred to  a o utliers.
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Haemoglobin & Oxygen (HL)

Foetal & Adult Haemoglobin

Haemo glo bin is the mo lecule respo nsible fo r binding o xygen in o ur blo o d

They are glo bular pro teins  fo und in abundance in red blo o d cells

Each haemo glo bin mo lecule co nsists o f f o ur po lypeptide subunits

At the centre o f each subunit is an iro n-co ntaining haem gro up  with which o xygen co mbines

Each haem gro up can bind to  o ne  o xygen mo lecule

That means that each mo lecule o f haemo glo bin can transpo rt f o ur o xygen mo lecules

Oxygen is o ne o f the gases fo und in air and each o f these gases exerts a pressure

The pressure o f each gas in a mixture o f gases is called its partial pressure

The symbo l fo r partial pressure is p, therefo re the partial pressure o f o xygen can be deno ted

as pO

Due to  the shape o f the haemo glo bin mo lecule it is difficult fo r the first o xygen mo lecule to  bind

to  its haem gro up

Ho wever, after the first o xygen mo lecule binds, the haemo glo bin pro tein changes shape, o r

co nf o rmatio n, making it easier fo r the next o xygen mo lecules to  bind

This is kno wn as co o perative binding

The ease with which haemo glo bin binds and disso ciates with o xygen can be described as its

affinity f o r o xygen

In areas where there are high partial pressures  o f o xygen (such as the alveo li o f the lungs), the

affinity o f haemo glo bin fo r o xygen is high

This means haemo glo bin and o xygen will bind easily

In areas where there are lo w partial pressures  o f o xygen (such as respiring muscle cells), the

affinity o f haemo glo bin fo r o xygen is lo w

This means haemo glo bin and o xygen will disso ciate easily  fro m each o ther

This ensures that haemo glo bin can easily bind to  o xygen in the lung capillaries to  transpo rt it

to  and then release it near respiring cells that require o xygen 

Foetal haemoglobin

The haemo glo bin o f a develo ping fo etus has a higher affinity f o r o xygen than adult

haemo glo bin

This is vital as it allo ws a fo etus to o btain o xygen f ro m its mo ther's blo o d at the placenta

Fo etal haemo glo bin can bind to  o xygen at lo w pO

At this lo w pO the mo ther's haemo glo bin is disso ciating with o xygen

We can represent the percentage saturatio n o f haemo glo bin at different partial pressures o f

o xygen as a graph

This is called the o xygen disso ciatio n curve

2

2

2
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On a disso ciatio n curve, the curve fo r fo etal haemo glo bin shif ts to  the lef t o f that fo r adult

haemo glo bin

This means that at any given partial pressure o f  o xygen, f o etal haemo glo bin has a higher

percentage saturatio n than adult haemo glo bin

After birth, a baby begins to  pro duce adult haemo glo bin which gradually replaces fo etal

haemo glo bin

This is impo rtant fo r the easy release o f  o xygen in the respiring tissues o f a mo re

metabo lically active individual

Haemo glo bin has the ability to  change  shape, o r co nfo rmatio n, o nce o xygen binds to  it due to

co o perative binding

Pro teins like this are kno wn as allo steric pro teins  as they can exist in multiple co nfo rmatio ns

Carbo n dio xide is an allo steric inhibito r o f haemo glo bin

This means that when it binds to  haemo glo bin, it is mo re difficult  fo r o xygen to  bind to

haemo glo bin as the pro tein canno t change its co nfo rmatio n

This lo wers the a�nity  o f haemo glo bin fo r o xygen

Carbo n dio xide has less o f an allo steric e�ect o n fo etal haemo glo bin

This enables fo etal haemo glo bin to  have a higher a�nity  fo r o xygen even if carbo n dio xide is

bo und to  it
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The Bohr Shift (HL)

The Bohr Shift

Changes in the o xygen disso ciatio n curve as a result o f  carbo n dio xide levels are kno wn as

the Bo hr effect , o r Bo hr shift

When the partial pressure o f  carbo n dio xide in the blo o d is high, haemo glo bin’s affinity f o r

o xygen is reduced

This is the case in respiring tissues, where cells are pro ducing carbo n dio xide as a waste

pro duct o f respiratio n

This o ccurs because CO  lo wers the pH o f  the blo o d

CO co mbines with water to  fo rm carbo nic acid

Carbo nic acid disso ciates into  hydro gen carbo nate io ns and hydro gen io ns

Hydro gen io ns bind to  haemo glo bin, causing the release o f o xygen

This is a helpful change because it means that haemo glo bin gives up its o xygen mo re readily in

the respiring tissues where it is needed

On a graph sho wing the disso ciatio n curve, the curve shif ts to  the right when CO levels increase

This means that at any given partial pressure o f  o xygen, the percentage saturatio n o f

haemo glo bin is lo wer at higher levels o f  CO

2

2

2

2

The dissociation curve shifts to the right as a result of the Bohr e�ect. This means that any given partial

pressure of oxygen, the percentage saturation of haemoglobin is lower at higher CO levels.2
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The Oxygen Dissociation Curve (HL)

The Oxygen Dissociation Curve

The o xygen disso ciatio n curve sho ws the rate at which o xygen asso ciates, and also

disso ciates, with haemo glo bin at different partial pressures o f  o xygen (pO )

Partial pressure o f o xygen refers to  the pressure exerted by o xygen within a mixture o f

gases; it is a measure o f  o xygen co ncentratio n

Haemo glo bin is referred to  as being saturated when all o f  its o xygen binding sites are

taken up with o xygen; so  when it co ntains f o ur o xygen mo lecules

The ease with which haemo glo bin binds and disso ciates with o xygen can be described as

its affinity f o r o xygen

When haemo glo bin has a high affinity it binds easily and disso ciates slo wly

When haemo glo bin has a lo w affinity fo r o xygen it binds slo wly and disso ciates easily

In o ther liquids, such as water, we wo uld expect o xygen to  beco mes asso ciated with water, o r to

disso lve, at a co nstant rate, pro viding a straight line o n a graph, but with haemo glo bin o xygen

binds at different rates as the pO changes; hence the resulting curve

It can be said that haemo glo bin's affinity f o r o xygen changes at different partial pressures

o f  o xygen

2

2
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The oxygen dissociation curve

Interpreting the curve
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When the curve is read fro m left to  right, it pro vides info rmatio n abo ut the rate at which

haemo glo bin binds to  o xygen at different partial pressures o f o xygen

At lo w pO (the bo tto m left co rner o f the graph) o xygen binds slo wly to  haemo glo bin; this

means that haemo glo bin canno t pick up o xygen and beco me saturated as blo o d passes

thro ugh the bo dy's o xygen-depleted tissues

Haemo glo bin has a lo w affinity f o r o xygen at lo w pO , so  saturatio n percentage is lo w

At medium pO  (in the central regio n o f the graph) o xygen binds mo re easily to

haemo glo bin and saturatio n increases quickly; at this po int o n the graph a small increase in

pO causes a large increase in haemo glo bin saturatio n

At high pO  (in the to p right co rner o f the graph) o xygen binds easily to  haemo glo bin; this

means that haemo glo bin can pick up o xygen and beco me saturated as blo o d passes

thro ugh the lungs

Haemo glo bin has a high affinity f o r o xygen at high pO , so  saturatio n percentage is high

No te that at this po int o n the graph increasing the pO by a large amo unt o nly has a small

effect o n the percentage saturatio n o f  haemo glo bin; this is because mo st o xygen

binding sites o n haemo glo bin are already o ccupied

When read fro m right to  left, the curve pro vides info rmatio n abo ut the rate at which haemo glo bin

disso ciates with o xygen at different partial pressures o f o xygen

In the lungs, where pO is high, there is very little disso ciatio n o f o xygen fro m haemo glo bin 

At medium pO , o xygen disso ciates readily f ro m haemo glo bin, as sho wn by the steep

regio n o f  the curve; this regio n co rrespo nds with the partial pressures o f  o xygen present

in the respiring tissues o f the bo dy, so  ready release o f o xygen is impo rtant fo r cellular

respiratio n

At this po int o n the graph a small decrease in pO causes a large decrease in

percentage saturatio n o f haemo glo bin, leading to  easy release o f plenty o f o xygen to

the cells

At lo w pO  disso ciatio n slo ws again; there are few o xygen mo lecules left o n the binding

sites, and the release o f the final o xygen mo lecule beco mes mo re difficult, in a similar way to

the slo w binding o f the first o xygen mo lecule

Explaining the curve

The curved shape o f the o xygen disso ciatio n curve fo r haemo glo bin can be explained as fo llo ws

Due to  the shape o f the haemo glo bin mo lecule it is difficult f o r the first o xygen mo lecule to

bind to  haemo glo bin

This means that binding o f the first o xygen o ccurs slo wly, explaining the relatively shallo w

curve at the bo tto m lef t co rner o f the graph

After the first o xygen mo lecule binds to  haemo glo bin, the haemo glo bin pro tein changes

shape, o r co nfo rmatio n, making it easier f o r the next haemo glo bin mo lecules to  bind  due

to  co o perative binding

This speeds up binding o f the remaining o xygen mo lecules and explains the steeper part

o f  the curve in the middle o f the graph

2 

2

2

2

2

2

2

2

2

2

2

As the haemo glo bin mo lecule appro aches saturatio n it takes lo nger fo r the fo urth o xygen

mo lecule to  bind

This is due to  the sho rtage o f remaining binding sites, explaining the levelling o � o f  the

curve in the to p right co rner o f the graph
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