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di
ca
ti
ve
 
co
nt
en
t 

t
e
m
p
o
r
a
r
y
 

ha
rd
 
wa
te
r 

co
nt
ai
ns
 
h
y
d
r
o
g
e
n
c
a
r
b
o
n
a
t
e
 
(H
CO
s-
) 

io
ns
 
wh
il
st
 

pe
rm
an
en
t 

ha
rd
 
wa
te
r 

co
nt
ai
ns
 

su
lf
at
e 

(S
O4
-)
/o
th
er
 

io
ns
 

ad
d 

so
ap
 

so
lu
ti
on
 

to
 
ea
ch
 
sa
mp
le
 

sh
ak
e 

ea
ch
 
s
a
m
p
l
e
 

ne
it
he
r 

wi
ll
 
pr
od
uc
e 

a 
la
th
er
 

bo
il

 
bo
th
 
s
a
m
p
l
e
s
 

th
e 

sa
mp
le
 

th
at
 
no
w 

gi
ve
s 

a 
la
th
er
 
on

 
th
e 

ad
di
ti
on
 

of
 
so
ap
 

so
lu
ti
on
 

is 

t
e
m
p
o
r
a
r
y
 

ha
rd
 
wa
te
r 

/ 
th
e 

s
a
m
p
l
e
 

th
at

 
do
es
 

no
t 

gi
ve
 

a 
la
th
er
 

is 
p
e
r
m
a
n
e
n
t
 

ha
rd

 
wa
te
r 

me
th
od
 
wo
rk
s 

du
e 

to
 
hy
dr
og
en
ca
rb
on
at
e 

io
ns
 
fo
rm
in
g 

ca
lc
iu
m 

ca
rb
on
at
e/
li
me
sc
al
e 

on
 
he
at
in
g 

wh
il
st
 
su
lf
at
e/
ot
he
r 

io
ns
 

ar
e 

un
af
fe
ct
ed
 

by
 

he
at
in
g 

5-
6 

m
a
r
k
s
 

G
o
o
d
 

de
sc
ri
pt
io
n 

of
 
di
ff
er
en
t 

co
mp
os
it
io
n 

an
d 

ho
w 

to
 
di

ff
er

en
ti

at
e 

b
e
t
w
e
e
n
 

th
e 

sa
mp
le
s;
 

cl
ea
r 

un
de
rs
ta
nd
in
g 

of
 
th
e 

m
e
t
h
o
d
 

Th
er
e 

is 
a 
su
st
ai
ne
d 

li
ne
 

of
 r

ea
so
ni
ng
 
wh
ic
h 

is 
co
he
re
nt
, 

re
le
va
nt
, 

su
bs
ta
nt
ia
te
d 

an
d 

lo
gi
ca
ll
y 

st
ru
ct
ur
ed
. 

Th
e 

ca
nd
id
at
e 

us
es
 

ap
pr
op
ri
at
e 

sc
ie
nt
if
ic
 
te
rm
in
ol
og
y 

an
d 

ac
cu
ra
te
 
sp
el
li
ng
, 

pu
nc
tu
at
io
n 

an
d 

g
r
a
m
m
a
r
.
 

3-
4 

m
a
r
k
s
 

Ba
si
c 

de
sc
ri
pt
io
n 

of
 
co
mp
os
it
io
n 

of
 
ei
th
er
 
te
mp
or
ar
y 

or
 
pe
rm
an
en
t 

ha
rd
 
wa
te
r 

an
d 

ho
w 

to
 
di
ff
er
en
ti
at
e 

be
tw
ee
n 

th
e 

sa
mp
le
s;
 

re
fe
re
nc
e 

to
 
8f
ur
ri
ng
' 

or
 
pr
ec
ip
it
at
io
n 

of
 
ca
lc
iu
m 

ca
rb
on
at
e 

Th
er
e 

is
 

a 
li
ne
 

of
 
re
as
on
in
g 

wh
ic
h 

is
 
pa
rt
ia
ll
y 

co
he
re
nt
, 

la
rg
el
y 

re
le
va
nt
, 

s
u
p
p
o
r
t
e
d
 
by
 
s
o
m
e
 
ev
id
en
ce
 
an
d 

wi
th
 
s
o
m
e
 

st
ru
ct
ur
e.
 

Th
e 

ca
nd
id
at
e 

us
es
 
ma
in
ly
 
ap
pr
op
ri
at
e 

sc
ie
nt
if
ic
 
te
rm
in
ol
og
y 

an
d 

s
o
m
e
 
ac
cu
ra
te
 

sp
el
li
ng
, 

pu
nc

tu
at

io
n 

an
d 

g
r
a
m
m
a
r
.
 

1-
2 

ma
rk

s 
Si
mp
le
 
de
sc
ri
pt
io
n 

of
 
ho
w 

to
 
di

ff
er

en
ti

at
e 

b
e
t
w
e
e
n
 

th
e 

wa
te
r 

s
a
m
p
l
e
s
 

Th
er

e 
is
 

a 
ba
si
c 

li
ne
 
of

 
re
as
on
in
g 

wh
ic

h 
is
 
no
t 

co
he
re
nt
, 

la
rg
el
y 

ir
re

le
va

nt
, 

s
u
p
p
o
r
t
e
d
 
by
 
li

mi
te

d 
ev
id
en
ce
 
an

d 
wi
th
 
ve
ry
 

li
tt
le
 

st
ru

ct
ur

e.
 

Th
e 

ca
nd
id
at
e 

us
es
 
li

mi
te

d 
sc

ie
nt

if
ic

 
te

rm
in

ol
og

y 
an
d 

in
ac
cu
ra
ci
es
 

in
 
sp
el
li
ng
, 

pu
nc
tu
at
io
n 

an
d 

g
r
a
m
m
a
r
.
 

0 
m
a
r
k
s
 

No
 
at
te
mp
t 

m
a
d
e
 

or
 
no

 
r
e
s
p
o
n
s
e
 
wo
rt
hy
 

of
 
cr

ed
it

. 

Qu
es
ti
on
 
St
ot
a]
 

5 
| 

1 
| 

0 
| 

6 
| 

0 
| 

6 
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Q
u
e
s
t
i
o
n
 

Marking 
details 

M
a
r
k
s
 
available 

A
O
1
 

A
O
2
 

A
O
3
 

Total 
M
a
t
h
s
 

Prac 

8/2 
| 

(a) 
0.42 

(2) 

if answer 
incorrect 

award 
(1) 

for 
any 

of 
following 

42 
420000 
4.2 

x 
10° 

2 

(b) 
award 

(1) 
for 

any 
of 

following 

e 
distillation 

° 
reverse 

o
s
m
o
s
i
s
 

e 
g
r
a
p
h
e
n
e
 
m
e
m
b
r
a
n
e
 

neutral 
a
n
s
w
e
r
s
 

desalination 

boiling 
/ 
evaporation 

/ 
c
o
n
d
e
n
s
a
t
i
o
n
 

(c) 
add 

soap 
solution 

to 
both 

water 
samples 

and 
shake 

(1) 

fair 
testing 

- 
equal 

v
o
l
u
m
e
s
 

of 
both 

water 
s
a
m
p
l
e
s
 
and 

shake 
for 

an 
equal 

a
m
o
u
n
t
 

of 
time 

(1) 

the 
s
a
m
p
l
e
 

that 
produces 

more 
lather 

is 
the 

softer 
water 

/ the 

sample 
that 

produces 
less 

lather 
is 

the 
harder 

(1) 

alternative 
m
e
t
h
o
d
 

add 
1
c
m
?
/
 

small 
v
o
l
u
m
e
 

of 
soap 

solution 
and 

shake; 
if 

no 

lather 
add 

further 
1cm?/ 

small 
volume 

(1) 

fair 
testing 

- equal 
v
o
l
u
m
e
s
 

of 
both 

water 
samples 

and 

shake 
for 

an 
equal 

a
m
o
u
n
t
 

of 
time 

(1) 

the 
s
a
m
p
l
e
 

that 
lathers 

with 
less 

soap 
is 

the 
softer 

/ the 

sample 
that 

requires 
more 

soap 
is 

the 
harder 

(1) 
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Q
u
e
s
t
i
o
n
 

Marking 
details 

M
a
r
k
s
 

available 

A
O
1
 

A
O
2
 

A
O
3
 

Total 
Maths 

P
r
a
c
 

(d) 
N
a
z
C
O
3
 

1 

Q
u
e
s
t
i
o
n
 

8/2 
total 
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Q
u
e
s
t
i
o
n
 

Marking 
details 

M
a
r
k
s
 
available 

AO1 
A
O
2
 

A
O
3
 

Total 
M
a
t
h
s
 

Prac 

6 
(a) 

D
M
F
T
 

award 
(1) 

for 
any 

of 
following 

the 
higher 

the 
fluoride 

concentration, 
the 

lower 
the 

mean 

D
M
F
T
 / 

the 
lower 

the 
fluoride 

concentration, 
the 

higher 
the 

mean 
D
M
F
T
 

/ O
W
T
T
E
 

at 
this 

concentration 
D
M
F
T
 

is 
low 

at 
lower 

concentration 
D
M
F
T
 

is 
high 

/ 
higher 

award 
(1) 

for 
increasing 

fluoride 
ion 

concentrations 
above 

1.0 

m
g
/
d
m
?
 
does 

not 
m
a
k
e
 

a 
difference 

to 
D
M
F
T
 

levels 
/ 
O
W
T
T
E
 

fluorosis 
award 

(1) 
each 

for 
any 

two 
of 

following 

the 
higher 

the 
fluoride 

concentration, 
the 

higher 
the 

p
e
r
c
e
n
t
a
g
e
 

affected 
by 

fluorosis 
/ the 

lower 
the 

fluoride 

concentration, 
the 

lower 
the 

p
e
r
c
e
n
t
a
g
e
 

affected 
by 

fluorosis 
/ O
W
T
T
E
 

at 
this 

concentration 
fluorosis 

is 
low 

at 
higher 

concentration 
fluorosis 

increases 
significantly 

/ 

w
h
e
n
 

fluoride 
ion 

concentration 
reaches 

1.2 
m
g
/
d
m
®
 

there 

is 
a 

significant 
increase 

in 
fluorosis 

(to 
35%) 

/ O
W
T
T
E
 

this 
concentration 

is 
b
e
s
t
/
o
p
t
i
m
u
m
 
balance 

b
e
t
w
e
e
n
 

D
M
F
T
 

and 
fluorosis 

(b) 
chlorine 

kills 
bacteria 

/ sterilises 
drinking 

w
a
t
e
r
 / makes 

the 

water 
safe 

to 
drink 

(1) 

award 
(1) 

for 
either 

of 
following 

fluoride 
can 

cause 
side 

effects 
e.g. 

can 
cause 

s
t
o
m
a
c
h
 

cancer, 
bone 

cancer, 
birth 

defects, 
infertility, 

brittle 
bones, 

IBS 

adding 
fluoride 

is 
a 
form 

of 
m
a
s
s
 
medication 

/ 
people 

are 

forced 
to 

c
o
n
s
u
m
e
 

it 
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M
a
r
k
s
 
available 

Question 
Marking 

details 
A
O
1
 

A
O
2
 

A
O
3
 

Total 
| 

Maths 
| 

Prac 

(c) 
titanium 

fluorine 

2.4 
3.8 

7 
To 

(1) 

0.05 
0.2 

(1) 

3 
3 

3 

TiFa 
(1) 

award 
(2) 

for 
TiaF 

with 
working 

shown 

ecf 
possible 

Question 
6 

total 
2 

3 
4 

9 
3 

0 
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