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MODULE 5

TRANSPO

TVTCIDU LE I T*TRODUGTIO N

Once materials have been absorbed, they have to be sent to all the cells of the

multi-cellular organism, some of them far away. otherwise the likely

consequence is cell death. We therefore need a system to carry out this task.

This Module looks at this system known aS the Transport System and explains

how movement occurs all along the system in both plants and humans.

MSMULE OBJECTIVE

At the end of this Module you should be able to:

a

o

a

describe and explain different aspects of transport in plants and animals.

list the parts that make up the transport system

identify the substances being transported
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TRANSPORT IN PLANTS
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Uttlr 1

TRANSPORT IN PLANTS

INTRODUCTION

All living organiSms have to exchange materials between their cells and their

surroundings. This helps to keep them alive. These materials are:

(i)

(ii)

(iii)

(iv)

oxygen

water

food

waste products

Very smallorganisms have a large surface area compared to their volume.

Because they are so small, they require only small amounts of food and oxygen

to live. They produce small amounts of waste products. ln such tiny organisms

nutrients reach the cell by diffusion and osmosis across the cell's surface.

They get rid of their wastes in a similar way. Examples of such organisms are

amoeba, spirogyra, and mucor.

Diffusion and Osmosis have been discussed in ffiodule 2, Uttit 4"

5



BELoGY- Moouue 5 Unrr 1 TR.ersponr

!n more complex, many-celled organisms like a fiSh, mammal or flowering plant,

the surface area is no longer large enor.rgh to carry out these functions. ln this

case there is a problem of distance between parts of the body, the internal

tissues and the environment. Such organisms have therefore a transport system

to take food, oxygen and water to all the cells of the body and to get rid of the

waste products. This consists of a collection of tubes in which materials in

solution may pass from one part of the plant or animal to another. Such tubes

are the blood vessels of animals and the xylem and phloem vessels of plants. ln

this Unit, we concentrate on the transport system in plants.

OBJECTIVES

At the end of this Unit you should be able to

c list the function of root hair cells

o describe the pathway by which water enters a plant

e describe the structure of xylem vessels

r define transpiration and wilting

o explain how environmental conditions affect the rate of transpiration

a describe the adaptation of the leaf, stem and root to different environments

e describe translocation of sugars (sucrose) and amino acids, pesticides

throughout the plant.

6
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t.# TffiAe$spffitr*T" $&* F&_&F{TS

At lirsl gl*riee, a piant iiilii/ app**;" feirly idie, i:ut'd,rn't be s,*rprised that the

:rrsirie is tl-i* scene ui riiierrse aetivii"r. Sr:h:stane*s are eonstantly being meilecl

fr*nr *:"re pi*ce t* another. G;"een plants *sualiy transport twu iyp*s of

IrrJ;it,r iti:;, lilese i*fe .

e i**ii substances and

i* \irater u,ilicir rn*y uoritciri eji*solved substarrr;*s.

This movernent CIf $ub$tances within the plant is ealled frensfoeefiorr" To

understand how translocation oecurs, you must first look at the structurcs inside

the plant.

The parts of a flowering plant meinly conoerned with the transport of materials

are the vascular tissues or bundles. These are made up of xyrer? and phloem

Translocation of substanees Gceurs as follows:

"g'irecE**g;,*e*$*pss

ii i l-ilq* rci*6 fr,arrs aL:scib v"',,&t*i and nrin*rai salts ir*i"r: {he s*ii watei'.

{-.i} in iiru c*r{*:r tf ti-re rr:r:t hair r*gicn. il"r*** si;t:stances pass ta the r:entral

cl.,iint.i,oi ':i ii :* sic".i"I:.

i lj i- i;* .r;,.j*.'* v*$senis *ari-y th* sciiiti*= cf merterlal* *L:gorbed fronr the soil

i* lns it;r*t ci th* plant. This soiution is **r-n*tirne* c;:iieci s*p.

;'i; l-I;r ss#ve fals*s *f tfte pf:d*eir; carry f*** s,rbstan*es n"iado ir-r the

irlir,.,r,;$ ic *ther $3atts ef th* plant"

i ,. !: r- :i :.; i :.:, .:

A plant is fixed firrnly in the soil by ita roots. At a *qhofr distanee from the root tip

there is a ecvering ef fine projections cailed root hairs. These root hairs provide

a large surfaee area for absorbing water and minerals from the soil. water
enters a rset through its root hairs by esemoers.

7
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The water then moves across the root until it reaches the xylem found at the
gfntre. water moves from cell to cell by osmosis, across the root. This is
shown in the figure below.

l. Waler gflters rool hars by osmosrs

sorlpM!c,e
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E
E
#E
H

epderors
ol rool

coder ot rool andoderfiis xyleovessels

Fig. 2 : Path of ffi/afer thraugle a ffi*of
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This force of water entering the roots pushes water up the xyier"n. This force is

called root pressure. lt ean be obscrved when water continLles to come out

from a freshly cut stern of a plant. This is a nrinor force in the upward

movement of vuater.

,6 Beforv proeaedirE furflzen, €@rfrpiefa fke fwl!*wiry aefivi*y"

You will find the ansmrer af ffre end of, ffte

&tr!v[ry_!
1. (a) Name two types of fissues responsi&/e for franspoft in plants.

(b) Sfafe fhe functions of fhese frssues.

2. (a) What are,*oof lralr-q.F

(b) Why are roat hairs impartant fo pfanfs?

3. (a) How daes water rnove across the raot ta go into the conducting

ce/ls?

I
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We *sm h€w pr@ceed wEfh the following imvestigofion.

!ruuesTrcarpry 1: To demon$trate root pressure

Fer each

$mvesfigatieor you

wEBl nequine fhe

mefen6sls isrdicoted"

Vou sheuld record

ysur ertswers in ?he

spse€ pnevided.

tube

level

I st lovel

stem

Ffg" 3; ffoof Fressure

Method:

1-. Canneat a piece of glass tubing by means of a

rubber tube ta the freshly cut end of a stem of a

poffed plant.

2. Place a little calaured water in the g/ass fube

and mark rTs level.

J Leave far a fev't hours and observe any change

in the leve! af liquid in the g/ass fube.

Qb_servaliEn

After sornetime the level of liquid in the g/ass fube

rises.

10
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This clearly shows that fhereis a push from belaw, at
the cut sfer?. Ihls resu/fs in roat pressure.

tsqerece€.e€rsffi

T"tr MCIVEMENT OF WATER
Movernent of water from roots to leaves is mone easily understood if you first
consider what happens to the water in the leaves. The cells inside the leaf are
covered with a film of water. When this water evaporates into the alr spaces in
the leaf, it diffuses out through the stomata into the si:rrounding air. This
process is ealled transpiration.

m6{rememt
hv osmiwis

intereellular
spaee

xylem
vessel

evaporation

section through
leaf blade

ln6verfler'!t
by

t

sur

water stom'!a
vap0ur

Fig. 4 - ater toss fram the Leaf

1 "n

#"
I
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The loss of water from the mesophyll cells pulls in water from the neighbouring

cells. This creates a tension or pull on the column of water in the xylem vessels

This tension extends allthe way to the roots. lt pulls the water up to the top of

the plant in a continuous column. This is called the transpiration stream.

The following summarises how water passes through a flowering piant:

1. Water is taken by root hair cells by osmosis

2. Water moves towards the centre of the root by osmosis. lt then enters xylem

vessels.

3. Water rises up the xylem ,ressels in the stem by the combined action of root

pressure and transpiration stream.

5. water then evaporates from the surface of the mesophyll cells into air

spaces in the leaf.

6. Water vapour diffuses out of the stomata into the surrounding air

1,2 STRUCTURE OF XYLEM

erKl '"a;1

lii i

iljf7r*fl

t h rcK eo{xJ
cel, lvali

ll\ ,:i ), :1,!, : i, , rrarl I

ll J fii.'!1

a o

t:,:i:t r1il1iY

ih.Cl.efi.rj

iA) Tracheid (B) Vessrl elemer::

Fig. 5 Xylem Tissue

o

o

1

4. water passes out of xylem vessels rnto the mesophyll cells of the leaf.
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The xylem is part of the vascular tissue in plants. lt consists mainly of xylem

vessels. These are long, narrow cells. They are dead cells which are hollow.

They are joined end to end and do not have any cross walls between them"

Thus they form continuous tubes from roots to stems and into the leaves. This

allows them to conduct water and mineral salts from the roots, through the stem

to the leaves. They also have thick cell walls which provide support to the part

where they are found.

We con now proceed with the following investigotion.

lnvesnclnoN 2: To examine the internal structure of a dicot stem and a

dicot root.

For eoch

investigotion you

will reguire the

moteriols indicoted.

Materials needed:
o A prepared slide of transverse section of - dicot

stem

o dicot root

o Light microscope

Method

-1. Place the prepared slide of transverse section of

dicot stem on the stage of the microscope.

2. Examine the section of the stem under low power of

the microscope.

3. ln the space below, make a labelled line drawing to

show the distribution of vascular bundles in the

sfem.

4. Make a labelled drawing of a single vascular bundle

to show xylem, and phloem.

13
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You should record

your answers in the

spoce provided.

5. Now place the prepared slide of transverse section

of dicot root on the stage of the microscope.

6. Examine the section of the root under low power of

the microscope.

7. ln the space below, make a labelled line drawing to

show the distribution of xylem and phloem in the

root.

We con now pnoceed with the following investigotion.

lxvesnclrpH 3: To demonstrate Transpiration

For eoch

investigotion you

will reguire the

moteriols indicoted.
b.t

Fig. 6 Water Produced in Transpirction
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You should record

your onsurers in 'the

sPcce Provided.

Method

7. Enclose the shoot of a recently watered potted plant

in a transparent polythene bag.

2. Tie the bag tightly round fhe base of the sfem as

shown in figure 6.

3" Leave the plant for a few hours in direct suntight.

4" Remave the bag and shake allthe condensed liquid

into a carner.

5. Paur a few drops of ihis condensed liquid on to

some anhydraus capper sulphate or a piece of blue

cobalt chloride paper.

Observations

After some time tiny, colourless droplets of a liquid

condense on the inner sides of the polythene bag.

When fesfed, this liquid turns the anhydrous capper

sulphate blue or the cobalt chloride pink.

lnterpre'tation

Ihe shoof of the plant has released water in the form

of vapour by the process of transpiration.

15
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a

1.3 RATE OF TRANSPIRATIOru

Transpiration is due to the evaporation of water from the leaves. Thus any

change which increases or decreases evaporatron will have the same effect on

transpiration.

1.3.1 FacroRs AFFECTING RATE

The factors which affect the rate of transpiration are.

(u) Temperature Water evaporates faster orr a hot clay Ftate of

transpiration increases with rise in temperature

(b) Light intensity Stomata open in response to rncrease in light

intensity. lVore water vapour is thus lost to the

surrounding, through the open stoniata. Rate cf

transpiration increases with increase in lignt

intensity, to a certain extent.

(c) Humidit! Humidity is the water content in the air around the

plant. Water evaporates faster from the leaves

when the surrounding air is drier. That is, the rate

of transpiration is high when humidity is low. When

humidity is high, tho rate of transpiration is low

(d) Air movements ln still air, transpiration is reduced wheieas rrr

moving air, it is rapid

Potometer

waler air bubble
(at llre cnd of
cx lEn m.nt l

u'atc i

lcafy shoot svnngc

rubber tubc

lary tube

air bubble
(at thc bcgrnnrng
i;i rnent

scal e

Fig.7 A. potometer

I
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A potometer is a simple apparatus which can be used to measure the rate of

water uptake into a leafy shoot. lt can also be used to compare the rates of

transpiration under different conditions. Measurement can be rnade by recording

the movement of an air bubble along a capillary tube, as shown in Figure 7. The

volume of water uptake at a given time is the difference between readings on the

scale, at the beginning and at the end, of the experiment. The rates of

transpiration can thus be compared in different situations.

.6 &eforc pvccedhg furthcr, complete the follouirg octivify.

1. (a)

ACTIVITY 2

What is root pressure?

(b) What is the importance of .root pressure?

2. (a) What is transpiration?

(b) Name three environmentalfactors which affect the rate of

transpiration?

(c) Name the apparafus fhat can be used to measure the rate of

water uptake by a leafy shoot?

You will find the answer at the end of the Module.

1l
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Wc con nry proceGd with thc following investigntion.

lnvtsrrclnon 4: Using a potometer to cornpare rates of transpiration

under different conditions

I

For eoch

invastigotion you

will ncquirc thc

moterials indicofed.

Method

1. Set up the potometer as shown in Fig. 7

2. Fit the leafy shoot into the simple potometer under

water.

3. Smear allthe joints with vaseline to make the whole

apparatus air tight.

4. Leave the apparatus in the laboratory for the leafy

shoot to adjust to the surraundings,

5. Adiust the air bubble so that lt ls at the end of the

sca/e, as shown in Fig. 7.

6. Racord the distance travelled by the air bubble irt a

given time, (e.9. 10 mins).

7. Turn on the tap to refillthe apparatus with water.

Ihrs halps to drive the air bubble back to the end of

the sca/e, for new measurements to be taken.

8. Now repeat this experiment by keeping the

apparatus in a different situation. \'ou could try each

of these;

(a) putting if exposed to the sun oufside the

laboratary.

(b) putting it in a cuBboard.

I
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You should record

your answers in the

spoce provided.

(c) putting it in a refrigerator.

(d) putting it in a humid surrounding.

Obsenvatior?S

9. Under which conditions did the leafy shoot

transpire,

(a) most quickly?

(bl mosf slowly?

Conc!usion

10. State a conclusian from this experiment.

1 v
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1.4 WILTIruG

When plants are exposed to conditions where they lose water faster than they
absorb it from the soil, they wilt. The cells lose their turgidity. This is rnore

marked in the leaves and young twigs. That is why you often see leaves and
yollng twigs drooping, on hot summer afternoons. This is due to excessi.,,e

transpiration. lf wilting persists for a long period the plant may die. lf v,rater i*q

available soon then the plant may recover"

XeroplrXr{e*

Piants living in dry habitats where there is scarcity of water ar* **lled xenaphytes

Such plants have many structural adaptations.

(o)

(b)

(")

(d)

(e)

The plant surface is covered by a thick waxy cuticle.

It has'fewer and smaller stomata on the leaves.

some plants shed their leaves in winter e.g. deciduous trees like the

indian almond tree.

The leaves may roll up so that the stomata are enclosed inside the

leaves. This reduces water loss by transpiration.

ln some plants like pine and cactus the leaves are mcdified into a r-'r**tJi*

shape to reduce transpiration.

leal

{ r€duc8d

gr*n stem

ipin€E

leoll

Naedle-shaped leaves
of pine tree

Succulont stem of cectur
bearc spines iredu*d lravar)

T.S. ot th* reiled t*ai o? a
xeroFhy?e

a

Frg. 8 Xeraphytes
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1.5 TRANSPORT OF FOOD SUBSTANCES

Leaves make carbohydrates by photosynthesis. They also use some of these

carbohydrates to make amino acids, proteins and other organic substances.

some of the organic food material, especially sugars that the plant makes are

transported in the phloem tubes. They are carried from the leaves to other parts

of the plant where they are needed. This is called transloeation. The sap inside

the phloem tubes therefore contains a lot of sugars, particularly sucrose.

Urlng Aphld.

The aphid can be used to study the transport of sugars in the phloem sieve

eell

Stylet penetrates
stem and reaches
into a phloem
tube

Stem of plant
with phloem
tubes inside

cell

Fig.9 An Aphid Feeding on Phlo*m Sap

Aphids feed on plant juices. They have special needle-shaped mouthparts called

stylets. They push their stylets into the phloem tubes of a plant and suek the sap

from them, because the sap contains the products of photosynthesis on which

they feed.

tubes.
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,1

A feeding aphid cen he anaesthetised. Then its mouthparts are cut off. The
phloem sap keeps ftowing out of the phloem tubes through the stylet. The sap is
then analysed. lt is found to contain sugars and other organic materiats.

,6 Before proeeeditg futher, complete the foilovittg acfiuif.

You will find the answer at the end of the Module.

Tho Phloems

The phloems are columns of living cells whose horizontal walls are like a sieve.
This sieve allows the flow of substances from cell to celt. This is why the aphid
with its stylet can feed on the phloem's sap because of the continuous flow of
substances.

ACT 3

1. (a) What causes wilting in plants?

(b) What are xerophytes?

(c) state three ways in which xerophytes reduce their water /oss?

2. (a) What is translocation?

(b) Sfafe fhe contents of phloem sap in plants?

22
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POINTS TO REMEMBER

Living organisms have to exchange materlals between their ccll and their

surroundings.

Smali organisms have a large surface area conrpared to their volurne. 'Exchange

of materials occurs directly through the body surface by simple diffusion.

Large organisms need a transpoft system to carry substances from one part of
the body to another.

Vascular" tissues consisting of xylem and phloem are concerned with transport of
materials in plants.

Root hairs absonb water and mineral salts from the soil.

Root pressure pushes water up the xylem in stems.

Transpiration is the loss of water in the form of vapour from the shoot of a plant.

Transpiration stream pulls water up to the top of the plant.

Xylem vessels are long, narrow, hollow dead cells with thick walls. They allow

easy passage of water and also provide support to the plant.

The rate of transpiration is affected by temperature, light, intensity, and hurnidity.

It can be measured by using a potorneter.

Wilting occurs when rate of transpiration exceeds rate of water absorptlon by the
roots.

Xerophytes are plants with structural adaptations to minimise water loss by

transpiration.

Translocation is the transport of organic food material through the phloem in the
plant.

Aphids can be used to ituoy the transport of sugar in the phloem sieve tubes.

a

e

a

a

23
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TRANSPORT IN HUMANS
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Uum 2

TRANSPORT IN HUMANS

INTRODUCTION

Just like plants, we humans also need a transport system. The main transport

system of a human is the blood circulatory system. This consists of a network of

tubes called blood vessels. There is a pump called the heart which keeps the

blood flowing through the blood vessels.

ln Module 4 - Unit 2you learnt how food is digested and absorbed in the small

intestine. Allthese absorbed food substances are carried from the intestine to

other parts of the body by the blood system. Similarly oxygen which is taken in

by the lungs is carried to all the body cells in the blood. This Unit looks at the

transport system in us humans.

OBJECTIVES

At the end of this unit you should be able to

ldentify the different *ireulatory systems

des,:ribe th* gr*ss structure and funetion of the heart.

shoru-r thet the pulse is a measu:'e of the heart beat rate"

deseribe the effect of exercise on heart beat.

list the causes of heart dlsease (diet, smoking and stress) and preventive

rneasures.

describe tne structure and function of arteries, capiliaries and veins.

I

G

c

€

*
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2.A CIRGULATORY SYSTEMS

As we mentioned earlier, the circulatory system consists of tubes and a pump. lf
we connect all these tubes end to end, they would stretch nearly three times
around the world. Heat provides the power to move the blood around.

2.1 DTFFERENT TypES oF ctRcuLAToRy sysrEMS

we shall now look closely at different types of circulatory systems namely:

Open Circulatory System

Ciosed Circulatory System

Double Circulatory System

o

o

a

2.1.1 Operu CIRcuuIroRY SYSTEM

Lowiy evolved animals like insects have an open crrculatory system which is
different from )rour blood system.

Th. orEn circuhtion syrlm o, r inlact

the ih# circulatory,y3t6

acesery 00mo &sisting
crcljars h th6 wrcs

sla
hM

t. li't

Fig. 10: Open Blood Sysfem

28
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ln an open circulatory system blood is pumped at low pressure from the heart
into spaces in the body. For example, the insect does not have blood vessels
like you do. Here the blood is contained in an open blood space. This blood is
kept moving by the tubular heart found above the gut. The blood is sucked into
the heart through little holes in its sides, as shown in Fig. 10. lt is then pumped

forward and expeiled into the blood space at the front end. Here blood passes

only once through the heart in every circulation. Thus it is called a single
circulatory sysfem.

2.1.2 Cuoseo CrncuunroRy SysrEM

Your circulatory system is a closed system. ln this case the blood circulates in a
continuous system of tubes called the blood vessels. This is shown below in Fig

11.

deoxygenated blood oxygenated blood

heart

6r ic ry

capiilariest
vein

I
f

y6ive -

venules arterioles

Fig. 11: The Closed Blood Sysfem

Blood is pumped out of the heart at a high pressure. This blood passes through
arteries and arterioles to the capillaries of the body organs. Then the blood

returns through venules and veins back to the heart.

29
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2.1.3 DoueLe CtncuuaroRy,SysrEu

The Figure below shows a plan of your circulatory system.

flt8ry

EEffi
nShl

sirim

g*Esy
x*]
slt

EniJe Ftids

tdt
rtim

do,r*r rd

l('t s

lEpati;
pcte
vtt

5gs, Soril. rtc.

ancrics

vei ns

capi llarics

vcins

anenes

hean

m oxygenared blood

deoxygenared blmd capillancs

Fig.12: Plan of Human Circulatory System

Body

Pulmonary

Systemic
circulation

I
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Pulmonary Glrculeflon

You have a double circulatory system. Here blood is first pumped from the heart

to the lungs through the pulmonary artery. The blood from the lungs returns to

the heart through the pulmonary vein. This is called the pulmonary circulation.

S3ntcmlc Ghculeflon

This same blood is then pumped by the heart to the body tissues through the

aorta. This blood again returns to the heart by way of the vena cava. This is

called the systemic circulation.

Therefore the same blood passes twice through the heart in one complete

circulation. That is why you are said to have a double blood circulation.

2.2 THE HEART

Your heart is about the same size as your clenched fist. lt consists of a special

muscle called the cardiac muscle. The heart is found in the thorax, between the

two lungs. lt is well protected by the sternunn (breast bone) and the rib cage.

The aofia carries blood
trom the hBart to the
resl ol the body

The pulrnonary artsries
carry'blood frorn the
heart to lhe lrrngs

The vena cava
The pulmonary veins
return blood kom the
lungs to the hearlblood troro tho hoad

(Superior vena cava)

Coronary a(enes
carry Uood to the
hoarl musdB

The vena cava rsturng
blood rrom fto body

(lnferior vena cava)

q*-
Direclion ot bloodltow

Fig.13: Erternal Appearance of Heart
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lf you place your hand on your chest, srighfly towards the left, you will feel your

heart beating. lt has been beating continuously since before you were born. lt

will continue to beat throughout your tife.

You can buy the heart of an ox or of a goat at the market and dissect it to learn

more about its internalstructure.

Pulmonary

To head and body
Vena cava

Semi-lunar valve
From head
and body

From lungs

Pulmonary vein

Right atrium
Left atrium

Tricuspid
valve Bicuspid valve

Right ventricle Left ventricle

Tendinous cords

Muscle

Fig 14: lnternal Structure of the Heart
The human heart has four separate chambers. The two top chambers are called
atria. The two lower chambers are called ventricles. The atria are smaller and

have thinner walls than the ventricles. The right side of the heart is separated
from the left side by a muscular partition. Thus these two halves do not
communicate with each other. However, the atrium and ventricle of each side
@mmunicate by means of an opening guarded by a valve. This valve opens
from the atrium into the ventricle. So blood passing through the heart can flow
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from the atrium into the ventricle but not in the reverse direction. The valve on
the right side is called the tricuspid valve while the one on the left eide is known

as the bicuspid valve. Thread-like structures attach the tip of these valves to the
inner walls of the ventricles. 'This prevents the valves from turning inside out.
The wall of the left ventricle is considerably thicker than that of the right ventricle.
This is because the left ventricle has to pump blood round the body (except the
lungs), whereas the rtght ventricle pumps blood a much shorter distance to the
lungs. You should note that the heart muscles are supplied with blood by the
coronary arteries.

2.2.1 Buooo Ctncuunoil THRoucH THE Hrnnr

to haad

lrt t$r UJ t0 lratd

rO nllrt lut3

lrofi lraao

t6 !06,
aorta

pulmonary veins

lett atrium

mitral valve

tendon Eupporting valve

l€tt v€ntrlcle

c{rdiac muSclg

puhonary artery

vena cava

semilunar velves

right atrium

v6na 06va

tricuspid valve

septum

right v6ntriclB

lrofi llrltt

',,"'lro,n

Ftg. 16: Blsod Flow Through The Heart

(a) Deoxygenated blood from different parts of the body flows into the heart

along the vena cavae, These pour the blood into th6 right atrium.

(b) This blood passos then to the right ventricle. tt is sent to the lungs

through the right ventricle. lt ie sent to the lungs through the pulmonary

artery.
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(c)

(d)

(")

Oxygenated blood from the lung returns to the left atrium along the

pulmonary veins.

This blood then passes into the left ventricle.

The blood leaves the heart through the aorta to be distributed around the

body.

At the entrance of the pulmonary artery and the aorta are found the semi-lunar

valves. You must note that the function of valves in the heart is to prevent the

back flow of blood. That is, blood always flows in only one direction through the

heart.

We con now plrcccd with thc follouing investigntion.

lxvesrlclnon 1: Examination of a mammalian heart.

Fon eoch

investigotion yan

will requirra ?he

moteriols indicoted-

Materials needed:

o a sheep's heart

o a pair of forceps,

o a seeker

r scalpel

. a tray

Method

1. Examine the externalfeatures of the sheep's

hearl.

Note the size of the atria and ventricles and comment

briefly on them.
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You should record

your onswers in the

spoce provided.

2. ldentify the btood yesse/s connected to the heart"

Name them.

3. Make a large tabelted drawing of the external

features of the hearl.

4. Cut the heart longitudinally. Examine and note the

internal features of the dr'ssecfed heart.

5. Compare the thickness of atrial walls to thatt of the

ventricles.

6. Which heart chamber has the thickest watt? Why?

35
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Beforv proceedirgt furfher, complefe the foltowing acfivity.

You the answer end

1,. What is the heart made of?

2. Name the upper and lower chambers in the heart.

3. Which ventricle has the thickest watt?

4. What prevents backflow of blood through the heart?

5. Sfafe fhe importance of coronary arieries in the heaft?

6. Name an organism which has

(i)' an open circulatory system

(i, a c/osed circulatory sysfem.

7. You have a double circulatory sysfem. Explain.

the

36
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2.2.2 Heenreenr

The heart beats as the cardiac muscle in its walls contracts and reiaxes. This
alternate contraction and relaxation of the heart muscle gives the impression of a
beat. The time of contraction is called systole and that of relaxation is called
diasfoles.

During systole the heart becomes smaller to squeeze blood out. During diastole
the heart relaxes to allow blood to flow into the atria and ventricles. one
complete systole and diastole is called a heart beat. lt takes less than a second
when a person is at rest. The heart usually beats about 70 times a minute.

2.2.3 Pulse

Every time the heart muscles contract to push blood out into the arteries, there is
an increase of pressure on the wall of the arteries. When the heat relaxes, this
pressure decreases. This is felt as the pulse. Your pulse rate is an indication of
the rate of your heart beat. You can easily feel your pulse by placing a finger
over an artery which lies near the body surface. A good example is the radial

artery in your wrist.

37



Brolocy- Moouu S - UNtr 2 Tnnnsponr rr Huuars

We con now proceed with the following invesfigotion.

lxvesnclrpn 2: To investigate the effect of exercise on the rate of
heart.beat.

For eoch

investigotion you

will reguire the

moteriols indicoted.

You shor.rld record

your onswers in the

spoce provided.

Method

L. Use your forefinger to feet the radial artery in your wrist,

(your teacher may help you if necessary).

2. Find your pulse rate (number of beats per minute).

(a) af rest (when you are sitting down comptetety

relaxed).

(b) after walking for few minutes.

(c) after vigorous exercise (running or jumping for five

minutes)

(d) during the recovery period after each exercise.

3. Plot a graph of your resu/fs.

Pulse Rate

4. What does your graph telt you about the pulse rate?

38
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2.3 HEART DISEASE

There are many different types of heart disease. Here we shalt address the most
common. lt is the Coronary Heart Disease (CHD).

The heart muscle needs a good and constant supply of oxygen from the
bloodstream. This comes from the coronary arteries.

With time, in early adulthood, the walls of these arteries can become ,,furred 
up,,

with a fatty deposit called atheroma.

This can cause a narrowing of the arteries. you can guess what happens next
The blood supply to the heart muscles is reduced or even blocked altogether.
This is CHD.

A sudden and severe blockage in one of the coronary arteries leads to a heart
attack.

2.3.1 Comnaox,Ceuses oF HEART Dlsense

Eating food with high sugary and cholesterol content.

Smoking cigarettes.

lf you are ovenreight.

lf you take little or no regular exercise.

Stress.

Hereditary - this tendency can run in your family.

1.

2.

3.

4.

5.

b.
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2"3"2 HgeRr ATTAcKS

Heart attacks can be prevented by taking a few precautions. Here are some
important measures:

Eletary

1.

2.

?

s+.

5.

6.

8.

g.

cut down on the amount of fat you eat
choose lean rneat, chicken, fish and vegetables
consume less fried foods. Grillthem instead
use skimmed or semi-skirnmed milk
cut down sn butter or margarine

use little oil instead of a hard fat in cooking
avoid cakes, pastries, biscuits, chocolates, sweets, soft drink
eat more fibre

eat less salt

Other lf,earrrs

1.

2.

4.

tr

Do not smoke.

Take exercise regularly.

Avoid stressful situations.

Take time to relax before you go to bed
Avoid alcohol/drug abuse.

a
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.6 *eforc furfker" €@ffiplefe fhe foflowwi,rg aef,iui$"

You will answer at the end Sfie

&sTIylY_Y A

1. What is a heart beat?

2. What is (i) systote?

(ii) diastole?

3. Name the fatty subsfanee that can block arteries.

4. Explain what causes a hearf attack.

5" Sfafe fhree comtnon causes af heaft diseases.

6" state three measures you can take to avoid hearf dr'sease?
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ff.4 ffitffiffiffi wffissffits

TFie tubes that *arry biood to all parts of yourr body are called blood vessels.

T-here are thres types of bloori vesecls:

e a**ries

-e r,-.i^^- vcil tJ

" capiliaries.

2.4.1 Anremles

Arteries always carry blood away

snurseu!ar walls.

heart. Th*y have thick, eiastic and

.. l

Fig.f$; Sr* Adery

They earry CIxygeflated bf;ood exeept the prulrnonary artery. Blood flows unden

high pressu,re im arteries end they do not have vaives along ttreir length.

A}

a

lhlia ;aCer ni

S{,i31
i*ria

ffiBl@n
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2.4.2 Verrus

capillary walt
{on€ coll thick}

Veins always carry blood towards the heart. They have thin walls with litfle
muscles

TRexsponr ru Huuans

whits blood
cEn pas out
botlvsn crlls

latrly thn tutar ral

tlin
and

ot nrel6

lc,!a lmcn

Fig. '17: A Vein

They usually carry deoxygenated blood except the pulrnonary vein. Blood flows
under low,pressure in the veins. Thus they have valves at regular intervals to
prevent backflow of blood.

2.4.3 CepuleRles

The arteries gradually divide to form srnaller and smaller vessels. These are the
capillaries.

Fig. 18: A Capiltary

f6r!i

lrE g

lumen
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The capiilary is a very tiny blood vessel which lies in between the cells. lts wall is
very thin as it consists of a single layer of cells. lt has a very small lumen and
biood flows slowiy through it. lt allows exchange of the materials between blood
and the body cells.

2.5 BLcOm

Blocd is a fluid in which are found blood cells and cell fragments called platelets.
The blood c+iis and platelets make up for about 45a/o of blood volume and the
piasrn* aboq.:t 55%. (Figure 1g).

5576 Plasma

45% Red
blood cells,
white blood
cells, platelets

BLOOD

plasma blood cells

90% water 10% dlssolved substances

plasma protelns oth€r
substances

Fig. 7S : Compasition of plasma

2.5.1 PusmE

Plasma is a yellow liquid containinE:

mineral salts

blood proteins

glucose

amino a6ids

,rats

waste products such as urea.

4

}



Brolocv- Mooule 5 - Uxrr 2 TRnnspoRr tN HuirANS

Among the blood proteins there is a substance known as fibrinogen that plays an

important role in the clotting of blood.

2.5.2 Reo BlooD CELLs oR RED Conpuscues

ln humans, there are about five million red blood cells per cubic rnillimetr.e of

blood. Look at Figure 20, each one of these cells is a flat biconcave disc and is

able to squeeze through small btood vessels by changing its shape. R.ed blood

cells have no nucleus and they contain a reddish pigment called haemoglobin.

Haemoglobin

Elastic envelope

(a) (b)

Fig. 20 : Diagram of Red Blood Cells (a) Front View, (b) Side View

Function: They carry oxygen and carbon dioxide around the body

2.5.3 Wxlre Blooo Ceus oR LEucocyrEs

Leucocytes are much less numerous than red blood cells, the ratio is 1:600.

While blood cells are much larger than the red ones. They are colourless. Most

of them are irregular in shape and they all possess a nucleus.

Function: Tfiey kill germs getting into the body

I

45
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Baeteria

Bacteria ingested or
taken into a vacuole
into cytoplasm

Fig. 21: Human White Blaod Cetls (Leuc;ocytes)

2.5.4 Plerelrrs

These are small fragments of eells about one quarter of the size of a white blood

cell. Their number is about 250,000 per cubic millimetre of blood.

Funclisn: Ihey assrst in blood clatting

46



Wc can nory pr"occed wil*r fhc followirE inv:sti,gotion.

lnvrsnclnox 3: Looking at a prepared slide of blood smear,

For cach

investigotion you

will neguine the

moteriols indicoted.

You should'rccord

yosr onswers in the

spoce provided.

Materials needed:
o Permanent slide of human blood,
r light microscope

Ysur teacher will show you a smear of human bload

under high power of light microscope.

ldentify the various types of cel/s and platelets.

Make a labelled drawing of what you obserue

Method

Itolggv- iloouu 5 - UMr2 TRaxsponr m Huu,qxs
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X.S FUzuCTISruS OF BLOOD

Biooc dces two jobs' lt carries rraterials round the body and it protects us
against disease. Red brood ceirs are our body,s oxygen carriers. They carry
oxygen frorn our lungs to all the cells of the body (as shown in Figure 22).
By earrying substance around the body such as delivering oxygen and nutrients
tc the tissue fluid and rernoving excreting unwanted products, the blood does the
t'ollowing too' lt ma!ntains a constant internai environment inside the body. This
is knolr,n as homeostasis.

H &efore proeecding furfhar, conplefe the following acfivify.

AgTIVITYJ

1. Give twa differences in structure between an artery and a vein.

2" Name the bloori rzessels which link afteries and veins

3. Sfafe fhe compasitian csf your btood.

4. Sfafe one function of:

(i) red blood cetts

(ii) white btcod cetts

(iir) b/ood ptatetets

Hos rsifj find the answei at the end of the Module"
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2.6.1 How rxe REo cE!.LS cARRY OXYGEN

Red cells are the body's oxygen carriers. They carry oxygen from the lungs to aEE

the cells of the body.

s

Fig. 22: Carriage of QNygen by Blo*d

1. The red cells pick up oxygen as blood passes through the lungs

2 The oxygen and haernoglobin join to form oxyhaemogiobin. This is bright

red

As the blood passes around the body, the haemogrobin breaks down and

releases oxygen to the body cells.

4. The red cells return to the lungs for more oxygen

a

1

3.

4 Without oxygen hleod is dull
red. lt is pumped back to the
lungs fer more oxygen.

4
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W*nat Et earries Flow carried

1. Carbon dioxide frorn the body to

the lungs.

fl+lainli, irr plasr:'ra (as sodium bicarbonate)

2. Digested food from thd gut to the

liver and thereafler to the rest of the

body.

in the plasrna

3. Wastes frorn the lrver tc the kidneys !n the plasma

4. l-{ormones from glands prodr"lcing

thenn to wherever they are needed.

in the plasrna

5. Heat from liver and muscles to the

rest of the body so that the

ternperature of the body is kept

uniform.

Bloocl

The table belov+ sumrnarises the other materials carried by the blood

3"Y PffiffiYffiffiYEWffi ffiTJNCTIffi&E #F ffiLOCIB

White b!e*d ee!!s ealled phagocytes ingest bacteria as shown in the diagrarn

i:elow.

{iranular evtoplasnr

\\"
Cetrl r:i*rnlrrane

Bacteria ingested or"

taken into a vacuole
into cytonlasm

F;9. 3',3; #ragr*az* $dr*euwrmg 4 Fft*groeyfe fmgesffmg Sacferfa
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2.7.1 Lyrupuarrc Sysreu

TnnHsponr rru HunraNs

Lymph vessels drainino
rnto ieit subclavian vern

Lymph glands
in the neck

Lymph vessels drainrng
inlo lefi subclavran vein

l-yrnph Eiands
in the armpit

Spleen

Lymph giands
in lhe Eroin

Lymph which
is drained
from the
intestine
*ontains iais

A

Fig. 24: The Lymph Vesse/s

A' liquid called tissue fluid comes out slowly through the capillary wall into the tiny
spaees betv;een the body cells. MoSt of this tissue fluid diffuses back into the
blood vessels. But some of it enters the blind ended vessels found between the
tissue celis. Such vessels are called lymph capillaries. The tissue fluid which
Crains into the lyrnph capillaries becomes lymph.

The lynrph oapillaries join to make iarger tubes. These tubes drain into rymph
glands where the lymph is cleaned up by white blood cells called lymphocytes
These eat the germs and dead ceils. They arso make antibodies.
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I
a
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a

o

a

a

o

a

POINTS TO REMEMBER

Lowly evolved animals have an open circulatory system. Here blood is pumped

at low pressure from the heart into spaces in the body.

You have a closed circulatory system in which blood circulates in blood vessels.

Here blood is pumped out of the heart at a high pressure. lt is also a double

circulatory system.

Your heart

. consists of cardiac muscles and it is found in your thorax.

. has four chambers - atria and ventricles

o pUfips blood round the body by alternate contraction and relaxation.

. has valves to allow blood to flow in one direction only.

. obtains its blood supply through the coronary arteries.

One complete gystole and diastole is called a heart beat. Your pulse rate is the

same as the rate of your heartbeat.

A blood clot can easily block art artery. This is cailed a thrombosis. A
thrombosis in the coronary artery leads to a heart attack.

Stress, smoking, unbalanced diet with high fat content and rack of physical

exercise lead to heart disease.

Arteries always carry blood away from the heart and they are thick walled blood

vessels.

Veins are thin walled blood vessels which carry blood towards the heart. They

have valves.
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a

a

A capillary is a very tiny thin walled blood vessel which allows exchange of
materials between blood and body cells.

Your blood consists of:

. liquid plasma for carrying dissolved substances.

o r€d blood cells which contain haemoglobin. These transport oxygen.

. white blood cells which protect the body by producing antibodies and

" ingesting bacteria.

o platelets which are smallfragments and help in blood clotting.

Some white biood cells are called phagocytes and they eat germs which enter

your body. other white blood cells are called lyrnphocytes and they produce

antibodies.

Your lymphatic system consists of lymph, lymph capillaries and rymph grands.

a

a
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Activity 1

1.

2.

ANSWERS TO ACTIVITIES

UNIT 1

(a) Xylem; phloem

(b) Xylem - conducts water and minerals up the plant

Phloem - carry food substances in solution form to different parts of
the plant

(a)

(b)

These are fine projections of epidermal cells in the roots of piants

They provide a large surface area for absorbing water and

minerals frorn the soil.

It moves from cell to cell by osmosis, across the root.

The have thick walls which provide supporl and strength. They

are joined end to end and do not have any cross walls between

them. This allows easy flow r:f water.

3. (a)

(b)

Activity 2

1. (a) lt is a force which pushes water trp the plant.

(b) lt helps to conduct water in the xylem tissue.

Activity 3
1I.

2. (a) lt is a process by which water in the form of vapour is lost from the aerial

parts of the piant.

(b) Temperature, light intensity, humidity.

(c) Potometer

(a) This is due to excessive transpiration. lt occurs when the rate of

transpiration is greater than the rate of water absorbed from the soil.

(b) These are plants which live in dry habitats.

(c) lt has fewer and smaller stomata on the reaves. The leaves roll up and

the stomata are enclosed inside the leaves.
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2 ia) lt is the transport of oissolved food substances in the phloem of the plant.

(b) Sr.rerase, water, amino acids.

Activity 1

(ai

ibi
(c)

td)

(e)

ifi

I,'NIT 2

It is made of the cardiac muscle.

Atria and ventricles.

Left ventricle.

Valves.

They supply blood carrying food and oxygen to the heart muscles
(i) Inseets - the cockroach.

(ii) Mammals - humans.

The same biood passes twice through the heart in one complete

eircuiation. This consists of pulmonary circulation and systemic
eirculgtic,rr.

It is the alternate contraction and relaxation of the heart muscles to
produc* a systcle and a diastole.

(i) When heart muscles contract, it is a systole.

(ii) Diastole is when the heart relaxes.

Cholesterol.

when the coronary arteries are blocked it leads to a heart attack.
Eating food with high content of cholesterol, smoking cigarettes, stress
consume a balanced diet. Avoid smoking. Take exercise regularly,

isl

Activity 2
't.

2.

3.

4.

5.

6.
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Activity 3

1

2.

3.

4.

Capillaries.

It consists of 45o/o blood cells and 55% blood plasma. Blood cells include

red blood cells, white blood cells and blood platelets.

(i) They carry oxygen from the lungs to all the cells of the body.

(ii) They produce antibodies to fight harmful bacteria.

(iii) Blood platelets help to clot blood and prevent its loss.

Artery Vein

(i) carries blood away from the heart carries blood towards the heart

(ii) blood flows under high pressure blood flows under low pressure
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