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Figure 1 The
lady’s slipper
orchid is one of
Britain’s rarest
orchids and a
spectacular plant
when it is in
flower. All
organisms rely
on diffusion and
active transport
to exchange
substances
with their
environment.
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Getting In and out

Figure 1 shows a rather fine lady’s slipper orchid
growing by the side of a stream. An orchid such as
this, like all organisms, depends on the environment. It
is from the environment that the orchid obtains oxygen
for respiration, carbon dioxide for photosynthesis,
water and mineral ions. Two extremely important
processes are involved in taking up substances from
the environment — diffusion and active transport. The
same two processes underpin the biology of animals. A
beetle, for example, also obtains oxygen from its envi-
ronment. It gets the nutrients it requires by digesting
food in its gut and absorbing the smaller molecules that
are the products of digestion, again involving
diffusion and active transport. As an AS
student you will learn about these processes.
As an A2 student, you won't be allowed to
forget them because they underpin almost all
the physiological systems that you will study.
In this column we look at one of these
processes, diffusion, from an examiner’s point
of view, and try to sort out a few misconceptions.
Getting these ideas right could save you from losing a
lot of marks.
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Gradients

Diffusion is the passage of the ions, atoms or molecules
that make up a substance from where they are in a high
concentration to where they are in a lower concentra-
tion. In other words, particles of the substance diffuse
down a concentration gradient.

These particles are moving at random. You can see
this quite easily if you look at a suspension of bacteria
under the microscope. Even non-flagellated bacteria are
seen to move around, twisting and turning. They are
moving because the molecules of water in which they
are suspended are moving at random and are
bombarding them. The molecules have kinetic energy,
which causes this movement. In a solid, molecules are
only moving very slowly; in a liquid, they are moving
faster, and in a gas, they move faster still.

To develop this idea further, consider what happens
in the lungs. There is a higher concentration of oxygen
in the alveoli than there is in the capillaries. The mole-
cules of oxygen move at random, so more will move
from where they are in a high concentration to where
they are in a low concentration. In other words, they
diffuse down a concentration gradient.

Let’'s summarise this. Here are the basic points that
you need to know:

» Diffusion is the net movement of particles such as
molecules or ions from where they are in a high concen-
tration to where they are in a lower concentration.
 Diffusion is a passive process and only requires kinetic
energy. It does not require ATP.

Misunderstandings happen

There are some important points to watch out for here..
The first is simply a matter of choosing your words care-
fully. Diffusion is a process where there is a net move-
ment down a concentration gradient, not across it or
along it. Think about a flight of stairs. If you are going
from the first floor to the ground floor, you go down
stairs. You certainly don’t go across or along them. It is
the same with diffusion and concentration gradients.
So, substances diffuse down a concentration
gradient.

The second point is one that frequently causes diffi-
culties. Diffusion involves the movement of particles
from where they are in a high concentration to where
they are in a low concentration. The emphasis is on the
word ‘they’. Think about what happens in the lungs.
When you breathe in, you take in air with a relatively
high concentration of oxygen. There is a lower concen-
tration of oxygen in the blood going to the lungs in the
pulmonary artery. Oxygen diffuses, therefore, from
where it is in a high concentration in the alveoli, to
where it is in a low concentration in the pulmonary
capillaries. That’s it. Diffusion of oxygen has nothing to
do with the concentration of carbon dioxide. It can be
explained purely in terms of oxygen concentration. In
a similar way, the diffusion of carbon dioxide has
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[image: image2.jpg]nothing to do with the concentration of oxygen. Carbon
dioxide diffuses from where it is in a high concentration
in the pulmonary capillaries to where it is in a low
concentration in the alveoli. The ditfusion of oxygen
and carbon dioxide in the lungs occurs in opposite direc-
tions simultaneously. Diffusion only relates to the differ-
ence in concentration of the substances concerned.

If you breathe in and hold your breath for as long as
you can, what happens to the concentration of oxygen
in the alveoli of your lungs? The answer to this question
is straightforward. The concentration of oxygen
decreases because it diffuses across the epithelium into
the blood. The concentration in the alveoli doesn’t
increase because oxygen is ‘needed’ by the body. If we
were to adopt this argument, our pockets would always
be full of money because we need it! It is a similar argu-
ment with gases in the intercellular spaces of a leaf (see
Figure 2). The word ‘need’ ought to be banned from
A-level biology answers. So, when you have to explain
the cause of something, never answer in terms of ‘need’.

Adaptations for diffusion

The rate of diffusion depends on a number of factors.
Fick’s law is a convenient way of summarising these. In
its simplest terms, it says:

difference in

surface area x :
concentration

rate of diffusion e« —
thickness of exchange surface

The specification that you are following may require
you to know and be able to apply Fick’s law so, before
we continue, it might be worth sorting out two common
mistakes here. The expression starts by stating that ‘The
rate of diffusion is proportional to” not ‘Fick’s law = ". It
also states that one of the things to which the rate of
diffusion is proportional is difference in concentration.
That's the difference in concentration on either side of the
exchange surface. It is easy to get a bit sloppy here
and write ‘concentration’ rather than ‘difference in
concentration’. Be careful — if you have to state Fick’s
law, get it right.

Even if you don’t have to know Fick’s law (check
with your specification and make sure), you will find
that it provides a useful framework for describing the
adaptations of an exchange surface. It helps you to
produce a logical, structured answer, the sort of answer
that examiners love.

Whether you are describing exchange in the lungs,
the mesophyll of a leaf, or any other organ, it would be
good to describe those features that contribute to:

a large surface area

a large difference in concentration on either side of
the exchange surface

a thin exchange surface
You can see how useful the framework that Fick’s law
provides is by looking at one of the questions from last
summer’s Advanced Extension Award. It was about
some of the giant tubeworms that live around volcanic
vents on the sea bed, over 2 km below the sea surface.
These tubeworms have a cluster of structures at their
anterior end which are thought to be the site where
respiratory gases are exchanged with the surrounding

a

FEBRUARY 2008

Figure 2 This is a coloured scanning electron micrograph of
a section through a leaf. The concentration of carbon dioxide
in the intercellular spaces of the leaf is lower than the
concentration in the air outside. This is because carbon
dioxide diffuses into the leaf cells. The concentration is not
higher in the intercellular spaces because it is ‘needed’ for
photosynthesis. x175

water. The question required candidates to give three
ways in which these structures might be adapted, and
explain how each of these suggested adaptations would
ensure efficient gas exchange. You are not likely to have
encountered animals like these tubeworms in your
A-level biology course, but with the help of Fick’s law
and a little bit of thought, you ought to be able to
suggest some possible adaptations that would allow effi-
cient diffusion.

Giant tubeworms obtain nutrients from the water via bacteria living in their
bodies. The bacteria tum inorganic chemicals produced by the vent, such as
hydrogen sulphide and carbon dioxide, into organic molecules that are used by
the tubeworms.
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[image: image3.jpg]Coloured scan-
ning electron
micrograph of a
section through
lung tissue
showing the
alveolar air sacs.
The spaces are
alveoli. X175
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What about water?

Before we leave the subject of diffusion, there is one
other thing that we need to consider. All gas exchange
surfaces are moist. Think about aquatic organisms such
as fish. Their gas exchange organs are gills and they are
surrounded by water. Fish gills are bound to be moist.
What about the situation with a terrestrial organism
such as a rabbit? The surface of the alveoli in a rabbit’s

tyou are being

AS/A-LEVEL

Bill Indge

Each title in the series is written by an experienced

examiner, who highlights the key points for each
topic area and identifies the common pitfalls you

need to avoid.

127 pages, £9.99

To order Exam Revision Notes, use the form
bound into this magazine, order online and view
sample pages at www.philipallan.co.uk, or R

Biology

lungs are also moist. The epithelial cells that line the
alveoli are permeable and allow small molecules such as
oxygen and carbon dioxide to diffuse through them.
Molecules of water are also small, so any surface that
allows respiratory gases to diffuse through will also
allow the diffusion of water. There is a higher concen-
tration of water inside the pulmonary capillaries than
there is in the alveoli, so water will diffuse out and the
lungs will be moist. Because the gas exchange surface is
surrounded by water or because water has diffused
through from the inside of the organism concerned,
exchange surfaces are always moist. A molecule of
oxygen entering the lungs dissolves in this layer of mois-
ture and then diffuses through into the blood. That'’s
fine, but don’t write ‘moist’ as an adaptation of gas
exchange surfaces.

You don’t know what questions you are going to be
asked in the rest of your unit tests, but one thing you
can be certain about is that, somewhere, you are going
to have to show that you understand the principles
underlying the process of diffusion. Get the basics right,
make sure you have followed the advice in this column,
and you’ll have no problems.

Bill Indge has had many years' experience as a Chief
Examiner in A-level biology. He is the author of The
Complete A-Z Biology Handbook, published by Hodder
and Stoughton, and is also a member of the BioLogicAL
Sciences Review Editorial Board.
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