AQA GCSE - 4.4.3 Hazards and uses of radioactive emissions - Mark Scheme - Question Paper

Mark schemes

(a) 2 marks for 4 correct answers

1. 1 mark for 2 or 3 correct answers
Source of background Natural Man-made
radiation
Cosmic rays J
Medical X-rays J
Muclear accidents J
Radon gas J

(b) rock C

(because) alpha is stopped by

(one sheet of) paper
or

(one sheet of) paper significantly decreased the radiation detected
MP2 dependent on scoring MP1
allow alpha is the least penetrating

(c) rock A

(because) beta radiation is stopped by (a thick) aluminium (sheet)

or

the (thick) aluminium (sheet) significantly decreased the radiation detected
MP2 dependent on scoring MP1

(d) wearing protective gloves

(e) the activity is half the original activity

(f) the greater the activity, the greater the risk of harm
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(a)

(b)

(c)

(d)

(e)

radiation (from source A) travels (approximately) 3 cm (in air)

(after which) count rate decreases to background radiation

(because) alpha radiation has a short range (in air)
allow alpha radiafion has [very) low penetrating ability
allow beta and gamma radiation have a {much) longer range in air

use an aluminium sheet

allow other materials that bela would be stopped by e.g. brick,
sheets of iron / lead, eic.

ignore sheet{s) of metal foil unless thickness is given

(which) beta radiation will not penetrate but gamma will
or
(which) only gamma will penetrate

MP2 dependent on scoring MP1

any one from:

. increase distance between source and teacher
. limit exposure time

. use tongs / forceps

. wear a lead apron

. keep source in box unless in use

. stand behind safety screen

. point source away from teacher

allow any reasonable precaution that increases distance between
the source and the teacher, or limits exposure fime

ignore wear PPE unqualified ignore examples of additional clothing

wear gloves / apron

or

wear a lab coat

or

handle source with tongs / forceps

allow no eafing / drinking (while radioactive source is in the lab)
allow do nof touch the source {with bare hands)

ignore wear a mask

ignore wear safety glasses

ignore protective clothing unqualified

ignore wear a hazmat suit

ignore wear PPE unqualified

tangent drawn on line at 300 s
do not allow a line drawn that crosses the graph line
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attempt to calculate gradient of the tangent
allow missing power for Ay

activity = 7.1 x 1020
allow a value between 6.5 and 7.6 x 10°7

becquerel / Bq
ignore decays/second

[11]

(a) protons
this order only

neutrons

(b) the time taken for half the nuclei in a sample to decay

(c) carbon-18

(d)

Term Example

Exposure 10 a beam of gamma rays

Radicactive contamination

Exposure to uliraviolet radiation
from the Sun

Accidental transfer of plutonium
onto a human body

MNuclear irradiation

Using a mobile phone

1 mark for each correct line

additional line from a box on the left negates the mark for that box

(e) toremove radioactive dust from their shoes
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0.072

(f)  number of days = 0.00050

number of days = 144



\a9)

Process Fuel
Hydrogen
Muclear fission
Iron
Lead
Muclear fusion
Uranium

1 mark for each correct line

additional line from a box on the left negates the mark for that box

[11]
(a) Similarities:
. same number of protons
or

same atomic number
allow both atoms / nuclei contain & protons

. same number of electrons
1
Difference:
. different number of neutrons
or

different mass number

allow carbon-12 has 6 neutrons and carbon-14 has 8
neutrons
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(b) the time it takes for the number of nuclei (in a radiocactive sample) to halve (is 5700
years)

allow atoms for nuclei
or
the time it takes for the activity (of a radioactive sample) to halve (is 5700 years)

ignore radioactivity
or
the time it takes for the radiation emitted (by a radioactive sample) to halve (is 5700
years)
or



(c)

(d)

(e)

(M)

(9)

(h)

the time it takes for the count rate (of a radioactive sample) to halve (is 5700 years)
or
the time it takes for the mass of carbon-14 (in a sample) to halve (is 5700 years)

2 half-lives

128.74 (s)
allow 129 (s}

nitrogen-18

greatest activity
MP2 and MP3 dependent on scaring MP1

allow emits most radiation per second
allow emits most radiation in a given time period
ignore shortest half-life

(so) greatest dose of radiation absorbed (per second)

irradiation is the exposure of an object / person to radiation
allow ‘absorption of radiation’ for 'exposure’
allow specific examples of ionising radiation

(while) contamination is the (unwanted) presence of radioactive material / atoms on
an object / person

allow 'inside a person' for 'on an object / person’

any one from:
. cancer / tumours
. DNA | genetic mutation

ignore mutates cells
. damages / kills cells
. radiation poisoning / sickness / burns

ignore death

some radioactive materials emit alpha radiation

which has a (very) short range (in air)

MP2 dependent on scoring MP1 allow weakly
penetrating for short range (in air)

pilot's dose in 24 hours = 0.072 (mSv)

0072

number of days = 0.00050
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(a)

(b)

(c)

=11

numper of days = 145

OR

nuclear power worker hourly dose = 0.0000208... (mSv) (1)

_ 0.0030
number of days = - (1)
number of days = 144 (1)

OR

hourly dose _ 0.0030
daily dose  0.00050

=6(1)

number of days = 6 = 24 (1)

number of days = 144 (1)

2 protons and 2 neutrons

an electron

85 B85 0

“Kr —2Rb + e

Most radiation is stopped by:
Type of
radiation the sheet of paper the sl?e?t of the block of lead
aluminium
Alpha Yes Yes Yes
Beta No Yes Yes
Gamma No Mo Yes

1 mark for each correct row

allow ticks and crosses in place of yes and no

any incorrect answer on a row negates the mark for the row

[17]
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(M)

(9)

6. ©

(b)

(c)

(d)

(e)

(M)

Alpha Zero
Beta Low
Gamma Medium

n\\\ High

1 mark for each correct line

if more than one line drawn from radiation type list principle applies

nuclear accidents

20

number = _—__
0.005

number = 400

radiotherapy

a neutron

energy

energy and gamma rays can score in reverse order

gamma rays

An alpha particle is the same as a helium nucleus.

24 000 (years)

allow an answer between 24 000 and 24 500 (years) inclusive

24 000 (years)
or
their (d)

Any one from:

. irradiation

. cancer

. genetic damage

. mutations to DNA / genes

. radiation sickness / poisoning
Any one from:

- fmadicaly vorasywe

[12]
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(b)

(c)

(d)

(e)

(a)

BT TRETRTRERY T TREE

allow CT scans
. radiotherapy

. nuclear weapons (testing)
allow nuclear fallout
. named nuclear disaster e.g. Chernobyl / Fukushima / Three Mile Island.

ignore radioactive / nuclear waste

uranium / plutonium
ignore any number given
allow thorium

neutron absorbed by a uranium nucleus

nucleus splits into two parts
allow an atom splits into two parts if 15" marking point doesn’t score

and (2/3) neutrons (are released)
and gamma rays (are emitted)

lighter nuclei join to form heavier nuclei
allow specific examples

some of the mass (of the nuclei) is converted to energy (of radiation)

activity decreases quickly

allow nuclei / waste will decay at a greater rale
ignore waste is radioactive for less time

risk of harm decreases quickly

allow burial site doesn't need to be monitored for as long
or

doesn’t need fo be buried underground for as long

or

may not need to be buried underground

count rate = o
60

count rate = 13.65

corrected count rate = 13.35 (per second)
allow an answer of

background = 0.30 = 60
= 18 (per minute)
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(b)

(c)

(d)

(a)

(b)

(c)

(d)

correcleq count rate
=819-18

corrected count rate
= 801 per minute

an answer of 13.35 (per second) scores 3 marks
an answer of 13.85 (per second) scores 2 marks
an answer of 801 {per second) scores 2 marks

activity = 1250 = 180

activity = 225 000 (Bq)
an answer of 225 000 {Bqg) scores 2 marks

yearly dose = 0.003 = 365
allow yearly dose = 1.095 (mSv)

which is << 100 (mSv)
or
(well) below the lowest dose with evidence of causing cancer / harm

people are able to compare a radiation risk / dose / hazard to the radiation dose from
(eating) bananas

smoke absorbs / stops alpha radiation
allow alpha particles for alpha radiation
alpha radiation does not reach the detector is insufficient

alpha radiation is not very penetrating
allow alpha particles for alpha radiation

or
alpha radiation does not penetrate skin

allow alpha radialion does not travel very far (in air)

beta and gamma radiation will penetrate smoke
allow beta and gamma radiation will not be stopped by smoke

no change (in the count rate) would be detected
allow the change detected (in the count rate) would be too small

(a long half-life means) the count rate is (approximately) constant
allow activity of source is {approximately) constant

or
a short half-life means the count rate decreases quickly

until 1.3 half-lives the count rate is above 80 per second

(8]
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10.

(e)

(a)

(b)

(c)

(d)

(e)

allow after 1.3 half-lives the count rate is below &0 per second

or
until 1.3 half-lives the count rate is above the threshold for the smoke alarm to be
activated

or
after 1.3 half-lives the smoke alarm will be activated all the time

so don't have to replace source or smoke detector is insufficient

Level 2: Relevant points (reasons / causes) are identified, given in detail and logically
linked to form a clear account.

Level 1: Relevant points (reasons / causes) are identified, and there are attempts at
logically linking. The resulting account is not fully clear.

Mo relevant content

Indicative content

. short half-life or half-life of a few hours

. (short half-life means) less damage to cells / tissues / organs / body

. low ionising power

. (low ionising power means) less damage to cells / tissues / organs / body

. highly penetrating
. (highly penetrating means) it can be detected outside the body
. emits gamma radiation

?
3
number of protons
reason only scores if 3 chosen
levels
4
,He
correct order only
0
1€

shorter half-life (than the other sources)

3-4
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11.

12.

(a)

(b)

(c)

(d)

(e)

(a)

(b)

exposure time to radiation is shorter

cosmic rays

radon gas

radioactive decay is a random process

the lead lining absorbs the emitted radiation

subtract the background count from 159

beta

beta is negatively charged

(so is) attracted to positive plate
or
(so is) repelled by negative plate

Mucleus splitting into two fragments and releasing two or three neutrons

(at least one) fission neutron shown to be absorbed by additional large nucleus and

causing fission

two or three additional neutrons released from fission reaction

This diagram would gain all 3 marks:

» W
tnutin @

lowering the control rods increases the number of neutrons absorbed

accept converse description

(so) energy released decreases

allow changing the position of the control rods affects the number of

neutrons absorbed for 1 mark

- 2 samma 'R BE BB

[9]
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13.

14.

ey

(a)

(b)

(c)

(a)

(b)

(c)

reie O INLredse DelvWweel] «5U Nl /00 (Vi £ TTHE)

allow 1 mark for attempt o calculate gradient of line at 10 minutes

2 protons and 2 neutrons

(i)

(ii)

accept 2p and 2n

accept (the same as a) helium nucleus
symbol is insufficient

do not accept £ protons and neutrons

gamma rays

loses/gains (one or more) electron(s)

any one from:

wear protective clothing

work behind lead/concrete/glass shielding
limit time of exposure

use remote handling

accept wear mask/gloves

wear goggles is insufficient

wear protective equipment/gear is insufficient
accept wear a film badge

accept handle with (long) tongs

accept maintain a safe distance

accept avoid direct contact

cell damage or cancer

(i)

(ii)

(i)

accept kills / mutates cells
radiation poisoning is insufficient
fonising is insufficient

any one from:

use tongs to pick up source
wear gloves

use (lead) shielding
minimise time (of exposure)

maximise distance (between source and teacher).
accept any other sensible and practical suggestion
ignore reference to increasing / decreasing the number / thickness

of lead sheets

background

curve drawn from point 2,160
do not accept straight lines drawn from dot to dot

[71
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13.

(d)

(b)

(c)

(i) (also) increases
less radiation passes through is insufficient

(iiiy 50
accept any value from 40 to 56 inclusive

Page 123 of 152

gamma

only gamma (radiation) can pass through lead

accept alpha and bela cannot pass through lead
a general property of gamma radiation is insufficient

(8]

(average) time taken for the amount / number of nuclei / atoms (of the isotope in a sample)
to halve

or

time taken for the count rate (from a sample containing the isotope) to fall to half

accept (radio)activity for count rate

60 +3 (days)

indication on graph how value was obtained

()  cobalt(-80)

gamma not deflected by a magnetic field
or
gamma have no charge

dependent on first marking point
accept (only) emits gamma

gamma has no mass is insufficient

do not accept any reference to half-lite

(i)  strontium(-90)

any two from:

. only has beta

. alpha would be absorbed

. gamma unaffected

. beta penetration / absorption depends on thickness of paper

if thoriumy{-232) or radium{-226) given, max 2 marks can be
awarded



16.

(i) cobalt(-60)

shortest half-life
accept half-life is 5 years
dependent on first marking point

so activity / count rate will decrease quickest

(iv) americium{-241) / coball(-60) / radium({-226)

gamma emitter

(only gamma) can penetrate lead {of this box)
do not allow lead fully absorbs gamma

(a) (i) nuclearreactor
star
(i) nuclei are joined (not split)
accept converse in reference to nuclear fission

do not accept atoms are joined

(b) (i} any four from:

* neutron

. (neutron) absorbed by U (nucleus)
ignore atom
do not accept reacts
do not accept added to
. forms a larger nucleus
. (this larger nucleus is) unstable
. (larger nucleus) splits into two (smaller) nuclei / into Ba and Kr

. releasing three neutrons and energy
accept fast-moving for energy

(i) 56 (Ba)
57 (La)

if praton number of Ba is incorrect allow 1 mark if that of La is 1
greater

4B

accept e for
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17.

18.

(b)

(a)

(b)

139 139 0
xBa —» la + _P

scores 3 marks

iy 18
(i) the count rate for the source
(iiy the alpha radiation would not cover such a distance
(iv) plots correct to within = small square
allow 1 mark for 4 correct points plofted
correct curve through points as judged by eye
(v) two attempts at finding ‘half-distance’ using the table
20fo 10cpmd=04m
125to 56 comd=02m
3ltoldcomd=04m
allow 1 mark for one attempted comparison
cbeyed or not obeyed
dependent on previous two marks
(i) there is no effect on the count rate in experiment 1 because the field is parallel
or beta particles are not deflected or there is no force
count rate is reduced in experiment 2 because field is perpendicular or beta
particles are deflected or there is a force
(i) only background radiation (as beta do not travel as far)
slightly different values show the random nature of radicactive decay
cosmic rays
radon gas
(i) Radioactive decay is a random process
iy 19
(iiiy 140

[10]
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19.

(c)

(d)

accept 124 — their (D)1} correctly calculaled

(iv) gamma

the count stayed the same

ar

gamma does not have a charge
accept gamma is an electromagnetic wave

(so) gamma is not deflected / affected by the magnetic field
accept magnef for magnetic field
do not accept is not affracted to the magnet

last two marks may be scored for an answer in terms of why it
cannot be alpha or bela

only answer simply in terms of general properties of gamma are
insufficient

lead absorbs (some of the) radiation
accept radiation cannot pass through (the lead)

or

less radiation emitted into the (storage) room

Should radioactive waste be dumped in the oceans

(i} any one from:

. nuclear power (stations)

accepl nuclear waste
accept coal power stalions

. nuclear weapons (testing)
accept nuclear bombs / fallout

. nuclear accidents
accept named accident, eg Chernoby! or Fukushima

accept named medical procedure which involves a radioactive
source

accept radiotherapy

accept X-rays

accept specific industrial examples that involve a radioactive source
nuclear activity / radiation is insufficient

smoke detectors is insufficient
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20.

(b)

(c)

(d)

(a)

(b)

Fayge Tad U Tae

(i)  (radioactive decay) is a random process
accept an answer in terms of background / radiation varies (from

one point in time to another)
any one from:

. {maybe) other factors involved
accept a named ‘sensible’ factor, eq smoking

. evidence may not be valid
accept not enough data

. may not have (a complete) understanding of the process (involved)
1
iy 2
1
2
1
iy 218
correct order only
1
84
1
3.8 (days)
allow 1 mark for showing correct method using the graph provided
no subsequent steps

correct answers obfained using numbers other than 800 and 400
gain 2 marks provided the method is shown

[9]

(both graphs show an initial) increase in count rate
accept both show an increase

only the right kidney is working correctly
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21,

22,

(a)

(b)

(a)

(b)

any two from:
if incorrect box chosen maximum of 1 mark can be awarded
reference o named kidney can be inferred from the tick box

. count-rate / level / line for right kidney decreases (rapidly)
it decreases is insufficient

. count-rate / level / line for left kidney does not change
it does not change is insufficient

. radiation is being passed out into urine — if referring to right kidney
. radiation is not being passed out — if referring to the left kidney
. left kidney does not initially absorb as much technetium-99
2
(4]
1 mark for each correct line
List A ListB
// Are used to show broken bones.
X-rays
The radiation comes from outer
/ space.
Cosmic rays
Comes from soil containing a
radioactive isotope of potassium.
Radon gas
¢ \ On average gives 50% of all
background radiation.
if more than 1 line has been drawn from a box in List A then all
those lines are marked incorrect
3
higher in village B
1
by 6 units
allow 1 mark for correctly oblaining a height difference of 180 (m) /
4 times higher — this refers to height not radiation levels
accept for 3 marks in village A it is 2 units (extra) and in village B it
is 8 units (extra) allow 1 mark for a correct radiation calculation
based on incorrect height readings
2
(6]
i 25

(i) The radiation dose from natural sources is much greater than from artificial
sources
1
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(i}  any one from:

. different concentrations in different rooms



23.

. to average out daily fluctuations
accept to find an average
accept to make the resulf (more) reliable / valid
do not accept to make more accurate on its own

(i) average level {(much) higher (in C and D)
accepl converse

some homes have very high level (in C and D)
accept maximum level in A and B is low
or

maximum level in some homes (in C and D) is very high
accept higher radiation levels (in C and D) for 1 mark

(a) (i) on average, cosmic rays produce less background radiation than rocks.

having no X-rays reduces a person's radiation dose.

iy 4
allow 1 mark for 350/ 4
allow 1 mark for an answer 3.5

(b) (i) (risk) increases

(i) C
reason only scores if C chosen

shows a lower risk for low doses (than for zero exposure)
accept risk reduces when you go from low fo moderate (doses)

(c) (i) nomark for YES or NO, marks are for the explanation

YES

fewer mice exposed first to a low dose

get cancer (than those only exposed to a high dose)
only scores if first marking point scores

NO

the results are for mice (1)

[P (RN (N WU (L g (SR ——— S

[5]
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24,

(a)

(b)

(c)

(d)

(ii)

(i)

(ii)

(i)

(ii)

aliid iy Tl e dipdliilieqlliiie W A 1

ethical

1.25 (mSv)

any two from:

. (frequent) flying
accept stated occupation that involves flying

. living at altitude

. living in areas with high radon concentrations
accept a specific area, eg Caornwall

. living in a building made from granite (blocks)
. having more than the average number of X-rays
or

having a CT scan
accept more medical treatments

. working in a nuclear power station

accept any suggestion that could reasonably increase the level from
a specific source

to be able to see the effect of exposure (to radon gas)
or
as a control

accept to compare (the effect of) exposure {with no exposure)

increased levels of exposure increases the risk (of developing cancer)
accept exposure (fo radon gas) increases the risk

smoking increases the (harmful) effect of radon
answers that simply reproduce statistics are insufficient

LNT model — risk increases with increasing radiation (dose) level

accept in {direct) proportion
accept low doses increase the risk

Radiation hormesis - low radiation (dose) levels reduce the risk

two valid points made — examples:

animals have no choice and so should not be used

[10]

Page 131 of 152



25.

should not make animals suffer
better to experiment on animals than humans
experiments lead to a better understanding / new knowledge

experiments may lead to health improvement / cures for humans
results for animals may not apply to humans is insufficient

(a) cobalt-(60)

gamma (radiation) will pass through food / packaging

this can score if fechnetium chosen

long half-life so level of radiation (fairly) constant for (a number) of years

(b) (i)

(ii)

(iif)

this can score if strontium / caesium is chosen

accept long half-life so source does not need frequent replacement
accept answers in terms of why alpha and beta cannot be used
gamma kills bacteria is insufficient

people may link the use of radiation with iliness / cancer
accept (they think) food becomes radioactive
accept (they think) it is harmful to them
it refers to irradiated food

not biased / influenced (by government views)

any two from:

+ data refers only to (cooked) chicken

+ data may not generalise to other foods

+ the content of some vitamins increases when food / chicken is irradiated
* no vitamins are (completely) destroyed

= (only) two vitamins decrease (but not significantly)
accept irradiated chicken / food contains a higher level of vitamins
marks are for the explanation only

[10]
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26.

27.

(c)

(a)

(b)

(a)

\v)

(i)

(ii)

(i)

(ii)

(i)

(ii)

(i)

(ii)

(iif)

S0 Can cnoose O eal / Nnot eal [nal particuiar) 1000

accept irradiated food may cause health problems
(for some people)

accept people may have ethical issues
(over eating irradiated food)

electron
from nucleus / neutron

both parts required

90 years
allow 1 mark for showing 3 half-lives

half / 50 %

Measure the radon gas level in more homes in this area

86

222

any one from:
+ food / drink
+ rocks / building materials

+ cosmic rays / rays from space
accept correctly named example

any one from:

* nuclear power / coal power (stations)
accepl nuclear waste

* nuclear accidents
accept named accident eg Chernoby!

* nuclear weapons testing

accept named medical procedure which involves a radioactive
source

accept radiotherapy
nuclear activity / radiation is insufficient
do not accept CT scans

different number of / fewer protons

e el e et ey ey B e e e g

[11]

[4]
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Dl S

accept only has 84 protons
or
different atomic number

do not accept bottom number different
reference to mass number negates this mark

(b) 168
accept 169 if clear, correct method is shown
allow 1 mark for a correct dose ratio involving the spine
eg 2:140 etc
or ratio of days to dose is 1.2
or ratio of dose to days is 0.83

() (i)

Group A Group
B
JMO KLN
all correct

any order within each group

(iiy  similar (number) / same (number) / large (number)
accept the same specific number in each group eg three
reference to other factors such as age is neutral

(iiiy how many people in each group developed cancer
a clear comparison is required
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(iv) there are no marks for Yes or No the
mark is for the reason

Yes

the benefit of having the scan is greater than the risk

or

the risk is (very) small (compared to the chance from natural causes)

accept the risk is much greater from natural causes

No
no additional risk is acceptable

[9]

1 mark for each correct line

If more than 1 line has been drawn from a box in List A then all
those lines are marked incorrect.

Are used to show broken bones.

X-rays




29.

' _| The radiation comes from outer
__— | space.
Cosmic rays |
Comes from soil containing a
radicactive isotope of potassium
Radon gas
\ Gives about 50 % of all
background radiation
(a) gamma will pass through the body

(b)

(c)

or

it refers o gamma

alpha will not pass through the body

answers must relate to the body
accept skin for body

gamma is only slightly ionising

or

accept gamma causes less damage lo cells / tissue

alpha is heavily ionising

(i)

(ii)

(ii)

do not accept gamma causes no damage to cells
less harmiul is insufficient

(both graphs show an initial) increase in count-rate
accept both show an increase

only the right kidney is working correctly

any two from:
if incorrect box chosen maximum of 1 mark can be awarded
reference o named kidney can be inferred from the tick box

. count-rate / level / line for right kidney decreases (rapidly)
it decreases is insufficient

. count-rate / level / line for left kidney does not change
it does not change is insufficient

. radiation is being passed out / into urine - if referring to right kidney
. radiation is not being passed out - if referring to the left kidney
time taken for number of nuclei to halve

or
time taken for the count-rate to halve

short half-life — the level of radiation (in the body) decreases rapidly
it refers to short life isolope

[3]
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30.

31.

to a safe / very small level
or
a long half-life — the radiation remains in the body / for a long time

level of radiation remains high
answers in ferms of damage eqg cancer are insufficient

[9]
(a (i) 25

(i) The radiation dose from natural sources is much greater
than from artificial sources.

(b) (i)} other factors may be involved
accept a specific suggestion
eg they may be exposed fo other types of radiation

accept cannot be sure {in many cases) that the cause of death is
radon (poisoning)
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(i) any one from:
« different concentrations in different rooms

+ to average out daily fluctuations
accept to find an average
accept to make the resulf (more) reliable / valid
do not accept to make more accurate on its own

(iiy average level (much) higher (in C and D)
accepl converse

some homes have very high level (in C and D)

accept maximum level in A and B is low
or
maximum level in some homes (in C and D) is very high

accept higher radiation levels (in C and D) for 1 mark

[6]

(a) (i) half/%/50%
accept 1 (part) in 2 (parts) 1

(iiy (the) food (we eat) is radicactive
accept because of the food {we eal)
accept we breathe in radon



32.

33.

radon in the air is neutral
(b) higher in village B

by 6 units

allow 1 mark for correctly obtaining a height
difference of 180{m)/ 4 times higher — this refers
to height and not radiation levels

accept for 3 marks in village A it is 2 units (extra)
and in village be it is 8 units [extra)

allow 1 mark for a correct radiation calculation based on incorrect
height readings

[5]
(@ @) P

(i) Q
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(b) 3 lines correct

alum_i.njum car ;lb mard lead

| gamma | | heta | | apha |

allow 1 mark for 1 correct line
two lines drawn from any source or box — both incorrect

(¢ () K
1
(i) 56
accept 50 - 60 inclusive
1
iy K

(iv) toinject... tracer

(8]

(a) (i) betaand gamma
both answers required
accept correct symbols

(i) alpha and beta
both answers required

e b g e et g o o



34.

35.

(b)

(c)

(a)

(b)

(c)

(a)

R R Wl T AR Ay T T IR

(iiiy gamma

accept correct symbol

nothing {you do to a radioactive substance / source) changes the
count rate / activity / rate of decay / radiation (emitted)

accept it = radiation emitted

or (reducing) the temperature does not change the activity / count rate / rate of decay /
radiation (emitted)

(i)  has one more neutron

correct answer only

(i) 14 days

no folerance
allow 1 mark for showing a correct method on the graph

(iiy  any two from:

beta particles / radiation can be detected externally
beta particles / radiation can pass out of / through the plant

long half-life gives time for phosphorus to move through
the plant / be detected / get results

phosphorus-32 is chemically identical to phosphorus-31

phosphorus-32 is used in the same way by a plant
as phosphorus-31

top and bottom boxes identified

Medical (treatment)

or X-rays

15

answer must be in table
accept treatment for medical treatment

allow 1 mark for correctly identifying 300 as the average dose

3 lines correctly drawn
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[9]

[4]



(b)

(c)

(d)

not deflected

dpha

stopped

beta

the most ...

gamma

will not ..

1 mark for each correct line if more than one line is drawn from a
box in List A all lines from that box are wrong

nucleus

accept nuclei
do not accept nuclear

do not accept gamma

any two from:
do not accept other properties of gamma

. least dangerous (inside the body)
do not accept not dangerous
accept not as harmful as alpha
(inside the body)

. least ionising

. penetrates through the body
do not accept can be detected externally

. is a gas / can be breathed in

accept it is not a solid
(cannot score if Z chosen)
if X chosen can score this gas mark

if Z chosen can score both gamma marks

any one from:
do not accept kills bacteria

. longer shelf life
accept stays fresh longer / stops it going bad / mouldy

. food can be supplied from around the world
. wider market for farmers

. cost to consumers (may be) lower
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36.

. less likely to / will not get food poisoning
accept infection / disease / ill for food poisoning

(a) (i) 3 fewer neutrons
accepl fewer neutrons

accept different number of neutrons
do not accept different number of electrons

(i) electron from the nucleus
both points needed

(i) 32 (days)
allow 1 mark for clearly obtaining 4 half-lives

(iv) has a much longer half-life
accept converse answers in terms of iodine-131
accept it has not reached one half-life yet

little decay happened / still in the atmosphere
accept it is still decaying

(b) any two from:
marks are for reasons
. some children developed TC before 1986

. some children (after 1986) that developed TC did not live
in highly contaminated areas

. the (large) increase can (only) be explained by (a large
increase in) radiation as caused by Chernobyl

. all areas would be contaminated (and raise the risk of TC)

. no evidence (of effect) of other variables

(c) People not exposed (to the radiation but who were otherwise similar)
accept people not affected (by the radiation)

(8]
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37.

(d)

(a)

(b)

any two from:

(i)

(ii)

(iif)

(i)

answers should be in ferms of nuclear power and not why we
should not use other fuels

produce no pollutant / harmful gases

accept named gas or greenhouse gases
do not accept no pollution

produces a lot of energy for a small mass (of fuel) or
is a concentrated energy source

accept amount for mass
accept high energy density

it is reliable or
it can generate all of the time

produces only a small volume of (solid) waste
accept amount for volume

protons

neutrons
answers may be in either order

86

two fewer protons and iwo fewer neutrons
do not accept two fewer protons and neutrons

or 84 protons 134 neutrons
do not accept 218 protons and neutrons

0.4

accept ' / accept 40 % for 2 marks

allow 1 mark for correct totalling = 1.8

allow 1 mark for a clearly correct method with a clearly incorrect
total
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(c)

(ii)

(ii)
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any one from:

nuclear weapon testing
do not accept nuclear

nuclear power (stations)
accept nuclear/ radioactive waste

nuclear accidents

medical
accept X-rays

accept 2:1
accept twice as big
ignore units

Mo with a reasonable reason explained

only going for two weeks so

or even staying for a year

total exposure well under lowest limit for causing cancer

1 mark is for a time frame
1 mark is for correctly relating fo a dose

or Yes with a reasonable reason explained

all levels of radiation are (potentially) hazardous (1)

accept low doses could still cause cancer

accept all levels affect you

do not accept radiation dose is high{er)

do not accept level of background radiation is higher in Germany

harm caused by lower doses may not have been recorded (1)

or evidence may not be complete

or insufficient research into effect of small doses

[10]



38.

39.

(a)

(b)

(c)

(d)

(a)

3 correct lines drawn

not
dangerous
oL
\ paper
p
\ | 300 000 000
? -
arr

any box in list A with 2 or more lines,
all lines for that box do not score

radiation damages our cells
accept radiation can cause cancer
accept kills cells
accept changes DNA / causes mutations
accept dangerous / poisonous / harmful / toxic
accept so precautions can be taken

it can pass through the human body

(iy 6 (hours)
no folerance

(iiy 6 (hours)
accept their (d){i)

(iy alpha

(i) damages them /changes DNA
accept kills them / destroys
accepl causes cancer
accept causes cell mutations
do not accept they ionise cells on its own
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40.

(b)

(c)

(d)

(a)

=t

count is (roughly) the same

gamma is not affected by magnetic field
accept magnef for magnetic field
or

alpha and beta are deflected by a magnetic field (1)
count would go down significantly (1)

time taken for number of nuclei to halve
do not accept time for radioactivity to halve

or

time taken for count rate to fall to half
(its initial value)
do not accept time for nuclei to halve

not enough time to take measurements / make observations

before level of radiation became insignificant

(i}  electromagnetic (wave / radiation)
accept em (wave / radiation)

ignore reference to frequency

(i) gamma can penetrate the crate / box / packaging

accept converse (but must relate to both alpha and beta)

ignore just gamma radiation kills bacferia
accept can get through to food

(iiiy neutrons

[71
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41.

Rt

(c)

(i)

Ay LA S ol B e 0 A Tl LR

accept it stops / reduces the radiation

(i) any one from:

slow down the conveyaor belt
food does more than one circuit
stay on the conveyor belt longer

food closer to the source / radiation
ignore larger doses / use mare of the source
ignore thinner packaging

(iy idea of testing food on humans / animals

no (measured) ill effects or monitor their health

accept monitor people that have eaten the food

accept a measurement / comparison for 1 mark

eg measure the amount of radiation in freated food

comparison plus a reason for the comparisan would get 2 marks

eg idea of measuring level of radiation in treated food with no
measurable increase in level = 2 marks or comparing it to
unireated food = 2 marks

(i) socan make own decision about eating or not eating treated food

accept may be against their religious / moral views

accept some people prefer food that hasn't been tampered with
ignore in case they don't like the idea of eating frealed food
accept don’t want fo eat treafed food

ignore might be allergic to the food

eg think it will give them cancer = 0 marks
think it will give you cancer so | need to know so that | can choose =
1 mark1

any one from:

the ground

the air

radon (gas)
building materials

buildings

rocks / granite

food

cosmic rays or solar rays

X-rays

do not accept mobile phones

nuclear weapons testing
nuclear power stations / accidents

accept from outer space

(8]
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42,

43.

accept sun but not sunlight

accept medical uses
iy 2
1200 120 -
allow — _or—eri20
G« 70 600

(a) (i)} two protons and two neutrons or the nucleus of a helium atom

(i) different numbers of neutrons or one has (3) more or less neutrons

than the other

accept different mass (numbers)
if give a number as a difference it must be 3

(iif)

if polonium or hydrogen chosen gets 0 marks

technetium (99) or none

any two from:

do not accept gamma rays are less dangerous
gamma rays less dangerous inside the body

gamma radiation less likely to be absorbed by cells or gamma rays

do not ionise cells

gamma rays can penetrate the body (to be detected externally)
first 3 points valid if either technetium or iridium or none is given

short half-life so safe levels inside body soon reached
half-life long enough to obtain measurements

half-life short enough not to cause long term damage
last 3 points valid if either technetium or uranium or nane is given

(b) 2200 + 200

allow 1 mark for attempted use of 70% on the graph

(iy  photographic film / paper
accept X-ray film

(i)  (when developed) the film is darker
must have a comparison

[3]

[71

Page 147 of 152



{my  to prevent them receiving / being exposed to too much radiation or
so they know how much radiation they have been exposed to

accept if he gets too much radiation there may be something wrong
with the plant

any statement making reference fo a need for preventive or
corrective action gains 1 mark

an isolated statement of fact of the effect of radiation gains 0 marks

(3]
44. (i)  radon (gas)
do not accept gas
1
(i)  background
1
(2]
45. (a) all points correctly plotted

tolerance + ]
< square on y axis only

allow 1 mark for 3 correctly plotted points 2

attempt made to draw a smooth curve
do not accept dot-fo-dot line

(b) (i) 3days = g2
or any value correctly obtained using
their graph line
if no line drawn in (a), answer must be exactly 3

(iiy 3 days or their (b){i)
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(c) radon-222

accept radon or 222
accept alpha or 3.8
correct isotope required for reason lo score

has the shortest half-life
accept the others have longer half-lives

[71
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Iﬂ

47.

48.

(ii)

(b)

(i)

(ii)

cosmic rays
rocks
food

air

any one from

medical

nuclear power stations
nuclear weapons testing

food
but do not accept food in bath (1) and (ii)

X emits beta
accept B

Y emits alpha. beta, gamma
must have all three accept a, f8, v

gamma

accept beta and gamma
any menfion of alpha loses first mark

radiation can penetrate (the plastic)

kills bacteria or microbes or micro-organisms or viruses

not germs

radiation (received by the body) due to our environment

not naturally occurring radiation
accept radiation all around us
accept radiation that is always there

larger than average dose of cosmic rays
must have idea of comparison

when flying less air to absorb or shield from radiation

|4_9.‘ (a) all 3 correct

[2]

[5]
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Aluminiwaf]  |Cardboard Lead
; . 10 roan
15y thac ki 2 mm thick thick
- ——___
) ih &5
Gamma source Beta source Alpha source

allow 1 mark for one or two possible links
no marks for more than one line from a source or fo a box

(b) (i) geiger-miller (tube)
accept G-M (tube)
accept geiger fube or geiger counter

(i) steady line rising then falling at leak

Fy

s
Conmt — { |I -
Tate

Pos mom akorng pipe

must be ane peak only

{c) (i) can penetrate (skull or head)

accept goes through body
accepl most penetrating

do not accept strongest

do not accept can penelrate skin

(i) cancer cells receive full dose or more radiation
accept healthy cells not damaged

healthy or other cells receive low dose only
do not accept it is sater

(iiy any two properties from:

. travel through a vacuum
do not accept they are an energy form

. travel at same speed in air or
vacuum

. can be diffracted
treat as a list ignoring 1 and 2

I R . [ S

Page 150 of 152



50.

(a)

(b)

(i)

(ii)

(iif)

= fedll | L2 TS

. can be refracted

. travel in straight lines
. all transverse

. can be polarised

. transfer energy

[9]

an unstable nucleus or atom or isotope
accept nucleus has foo much energy

an atom or nucleus or isotope which decays

sodium — 24
if Mg-27 chosen can get third mark if explained

sufficiently long to allow circulation and take readings

short enough that levels of radiation in the body will become insignificant
quickly

Page 151 of 152

each axis is given a linear scale

curve concave to axes drawn

(curve) shows correct half-life of five years
must show fwo half lives check first two plotted points correct o +
half square

any three points from the following:

waste remains radioactive for a long time or waste has to be disposed of
waste may leak from its storage point

possibility of accident at power station or in transport of fuel
contamination of the local environment

people living close to a power station may have a greater risk of
developing cancer or leukaemia

accept harmful to people



high cost to decommission power station
do not accept expensive

[10]
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