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1.

Answer all guestons.

(Gas exchange in the alveoli relies on maintaining a concentration gradient between the air in the
alveoli and the blood. The diagram below shows the oxygen levels (pa0,) in the alveoli and at
three points along a pulmonary capillary.

alveolus

paC, = 130kPa pulmonary capillary

- /

A B C

pa0, =117 kFa pa0, = 11.4 kPa pa0, =57 kPa

(al (1) Descnbe two ways that an oxygen concentration gradient is maintained between
alveolar air and blood. [2]




(1)

(1v)

Explain how the information in the diagram shows that A is the venous end of the
pulmonary capillary. m

The haemoglobin in blood leaving the lungs is not fully saturated with crygen but in
most healthy people reaches a value of 98 to 99%. Suggest two reasons for this.

[4]

One function of the lungs is the excretion of carbon dioxide. State two forms in
which carbon dioxide 1s fransported to the lungs for excretion. [2]




(b) Inplants, gas exchange takes place directly between the cells and the air in the air spaces
in the tissues. Exchange between the air n the air spaces and the atmosphere is through

stomata.
The photomicrograph below shows a seciion through part of a lily leaf (Lilum sp.).

air spaces

stoma

(i) Name the tissue [abelled X on the diagram. M

(1) Explain why the rate of gas exchange between the air spaces of the leaf and the
leaf tissues is lower than between the alveoli and the blood of a mammal. [3]
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2. Mammals have a double circulatory system as shown in the diagram below. The arrows show
the direction of blood flow.

- deoxygenated blood
‘ - oxygenated blood

{a) Using only the letters A to G from the diagram, identify the following (letters may be used
once, more than once or not at all): [3]

(1) parts of the pulmonary circulation
() blood pressure is maintained by elastic recoll o :

(m)  blood flow is maintained by confraction of
skeletal muscle and breathing movements ;




(b}  Use the information provided in the table below to answer the questions that follow.

Total Mean Mean ng?ltlizﬂrﬁgls— Total blood Rate of
number of | length diameter ey volume | blood flow

vessels lem lem T2 fem? fem? 571
aorta 1 40 1.0 0.8 32 28
ity s 40 20 0.3 3 60 78
arteries ' :
arterioles 4 x 107 0.2 0.002 124 25 1.18
capillaries | 1.2x10° 0.1 0.0008 &0 0.036

()

(i)

Using e fonmula bedow calculate he wotal cross-seclional area ol the capillanies.

Express your answer to three significant figures.

cross-sechonzl area = nr

@ = 3142)

2

Total cross-sechonalarea=__

[3]

2
cm-

Explain why a low protein diet would result in fluid retention in the fissues. (4]
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Barley seedlings were grown as shown in the diagram below, each in the same volume of
culture medium. The culture medium contained known concentrations of all the ions needed for
plant growth. Oxygen was bubbled through the culture medium of one expenmental set up and
nitrogen was bubbled through the other.

seedlings —_
oxXygen —e ~—— nitrogen
—}\\\I f‘f':—
7 A7
hﬁ"‘“m__
- roots go through
hole in cork
I culture solution

7o
"'::-‘;(:IE.

The concentration of phosphate ions in each culture solution was measured every four hours for
24 hours. | was assumed that the decrease n the concentration of phosphate ons was due to
uptake of phosphate ions by the plant roots.

(a) (1) Ildentify the variables in this investigation: [2]

Independent variable

Dependent vanable




() ldentify and justify two vanables that should have been controlled in this e:-:per‘smegét]_

Controlled vanable L e e

Conmledyamale B o o e e e e e e

(b}  The results of the investigation are shown in the table below.

Concentration of phosphate
in culture solution
fmmol dm—3
Time/hours with cxygen with nitrogen
0 100.0 100.0
4 .5 0oz
8 26.3 551
12 122 384
16 6.3 14.1
20 04 6.0
24 02 h2

It was concluded that uptake of phosphate ions can occur by both active transport and
diffusion. Explain how the evidence supports this conclusion. [2]




{c)  Ina different expenment, phosphate ions lzbelled with a radicactive isotope of phosphorus
were found to move through the tissue layer labelled S on the image of T.5. root shown

below.

It was found that radicactive phosphate ions were only found in the xylem when oxygen
was bubbled through the culture solution.

_ xylem vessel

(1) Name tissue S. ik

(i) Explain how a feature of the cells found in tissue S means that oxygen is needed
for the phosphate ions to pass into the xylem. [2]




A study was carmed out to investigate the changes to the digestive system of snakes when not
fed for extended penods.

Burmese pythons (Python molurus bivittatus) are a species of snake that hide and wait for their
prey to come close enough to catch and eat. Their prey is ingested whole and can weigh up to
25% of the snake’s body mass. Digestion takes from 10 to 14 days. They can go without food for

up to one year.
Two groups of snakes were fed for a four-week period as follows:

Group 1 fed every third day
Group 2 not fed during the penod of the study

At the end of the study, snakes from each group were killed and the structure of the ileum
examined using light and electron microscopy.

{al The images below show sections through villi from the ileum of a snake from each group.

Group 1 X Group 2

S50pm

(1) The width of the villus shown by X-X in the Group 1 snake was 140 pm and the
width of the villus in the Group 2 snake at ¥-Y was 96 pm. Calculate the percentage
decrease in the width of the villus when deprived of food. i%]

Percentage decrease inwidth= ...




(1)

(i)

Structure A absorbs glucose and structure B absorbs lipids following digestion.
Mame these structures. M

After four weeks, the following observations were made:

* structure B was not present in the villi of the snakes from Group 2
* structure A was always present in the villi of snakes from both groups

Explain why structure B was not needed in Group 2 snakes whereas structure A
was essential for all snakes. [2]




(b) The eleciron photomicrographs below show high magnification images of the surface of
lthe epithelial cells covenng the villi of & siake hom each of Groups 1 and 2.

Group 1 Group 2

0.5 pm

Describe and explain the differences in the length and width of the microvilli seen in
Group 1 compared to Group 2. [3]




{c) Electron microscopy also showed that the epithelial cells from the snakes in Group 1 had

the following differences compared to those from Group 2.

Group 1 Group 2
large number of mitochondria few mitochondria
cells arranged in a single layer cells aranged in several layers

Explain the observations that were made for Group 1.

4]

(d} Not feeding animals might be considered unethical and cruel. Explain why not feedng
these snakes for four weeks would not be considered an ethical issue, but there may be

other ethical issues involved with this study.

2]
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