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EXAMINATION RULES

. You are NOT allowed to bring any personal itente the examination room, except for
personal medicine or approved personal medicalpeugmt.

. You must sit at your designated desk.
. Check the stationery items (pen, calculator,randh book) provided by the organizers.
. Do NOT start answering the questions beforé START” whistle.

. You are NOT allowed to leave the examinatiomraturing the examination except in an
emergency in which case you will be accompanied bypervisor/volunteer/invigilator.

. Do NOT disturb other competitors. If you nee@ assistance, you may raise your hand
and wait for a supervisor to come.

. Do NOT discuss the examination questions. Yostratay at your desk until the end of the
examination time, even if you have finished thenexa

. At the end of the examination time you will heae “STOP” whistle. Do NOT write
anything more on the answer sheet after this stupti®. Arrange the exam, answer sheets,
and the stationary items (pen, calculator, and mdogpk) neatly on your desk. Do NOT
leave the room before all the answer sheets hase dalected.
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EXAM INSTRUCTIONS
1. After the “START” whistle, you will have 3 houts complete the exam.
2. ONLY use the pen provided by the organizers peoicil).

3. NOW write your name, code, country and signatargour answer booklet. Raise your
hand, if you do not have the answer booklet.

4. Only the answer booklet will be evaluated. Befariting your answers on the answer
sheet, use the rough book if provided.

7. The total number of questions is 12. Check #mat have a complete set of the test
guestions (16 pages + cover page), after the “STARIistle is blown. Raise your hand, if
you find any missing sheets.

INSTRUCTIONS FOR CALCULATOR
1. Turning on: Pres{oNC)

2. Turning off: Pres{2ndF) _

3. Clearing data; Pregone)

4. Addition, subtraction, multiplication, and dioa

Example 1) 45 + %

(one) 45 (+ ) 285 (=) 3 (=) 140.
ExampIeZ)%
v ((J1g(+)e (DO IJ(=J)((J1s(=Jsg(DJ(C=]
3.428571429

Example 3) 42 x (—=5) + 120
(onve) 42 (X )5 (=) (+J120 (=) -90.
ove) 42 (XJ( () (=Js5O J(+J120(C=J -0
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5. Exponential
Example 1) 8.672

(one) 86 () 2 (/=) (=) 0.013520822

Example2) 6.1 x 1023

(one) g1 (X ) 10 (") 23 (=] 6.1 x 105

6. To delete a number/function, move the cursah&number/function you wish to delete,
then pres<BeL) | If the cursor is located at the righd of a number/function, th(PeEL)
key will function as a back space key.

Constants and formulas

R=0.082 L.atm mot K R=8.314 J.mat K 1 atm = 101325 Pa.

Henry's law gives Concentration = KP, Law: k hasoastant value for the particular liquid,
and P is the pressure of the gas.

Do NOT turn to next page
Before the“START whistle is blown.
Otherwise, you will receive a penalty
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BIOLOGY

Q1. [1.5 points]The Okavango Delta in Botswana is the world’s latgaland delta,
which was named a World heritage site in 2014. déléa’s habitats comprise diverse
plant and animal species making the area a hotgpotourism. The swamps of
Okavango Delta can be as deep as 7 meters, whadeagemal and plant matter that
settles at the bottom and decompose to produceasioghich causes bubbling often
observed by tourists during boat tours.

Sourcehttp://www.wafb.com/

a) [0.3 points] Choose two (2) of the gases listed below, which te major
constituents of the gas in the bubbles. Write thmorapriate letters into the
corresponding box in the answer sheet.

CsHsg
CH,
CO
CO
Ho
02

mmoow2
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b) [0.3 points] What are the beneficial uses of biogas to manécEtiree (3) uses
that apply by writing the corresponding lettersha boxes in the answer sheet.
A. heating

B. fermentation

C. cooking

D.fueling cars

E. fertilizer

F. purification

c) Plant and animal matter is decomposed by bactetiedottom of the swamps.

Decide whether the following statements, regardliag decomposition process, are

true or false by crossing the appropriate box enahswer sheetO4 marks|

A. The decomposition of plant and animal tissue abtiteom of the swamps is an
aerobic process.

B. The gases produced as a result of the degradaganetabolic waste products of
bacterial metabolism.

C. The biochemical decomposition processes of plathitaaaimal matter by bacteria
does not require water molecules.

D. Bacteria that degrade plant and animal mattereabttttom of the swamp receive
more energy from the degradation compared to haadecomposing the same
plant and animal matter on the surface.
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d) [0.25 points] The bacteria responsible for the production of agodave higher
activity at certain temperatures, and so is the odbiogas evolution. A tour guide has
over the years observed that bubbling is more ginerduring the summer months.

Shown below are some possible explanations foraibégrvation. Indicate on the
answer sheet which possible explanations are darrewt by marking the appropriate
box with a cross.

A. The bacteria are able to multiply more rapidly ttuéhe higher temperatures.

B. The enzymes in the bacteria are working at clogkdm optimum rate.

C. More enzyme-substrate complexes are being forntechase biogas can be made.
D. The kinetic energy of the enzyme and substrate catde has decreased.

E. The enzymes in the bacteria have begun to denature.

€) Hydrogen peroxide is a reactive oxygen speciesddnakill bacteria if they do not
have the enzymatic machinery to break it down. Wdreenvironmental water sample
containing bacteria that can decompose plant aimahmatter in the absence of
oxygen was placed in a drop of hydrogen peroxiteret was no bubble formation.

[0.25 points] What is the most likely explanation for this obsdion? Write the
corresponding letter in the box in the answer sheet

A. Presence of an active gene encoding catalase
B. Absence of an active gene encoding catalase
C. Bubble formation is not dependent on the presehcatalase
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Q2. [3.25 points] The genetic structure of a population is deteeaiby the genotype
and allele frequencies in the population. In a pagan, 350 of the individuals have the
genotype AA, 100 have the genotype Aa, and 15Widdals have the genotype aa

a) What are the frequencies of the following genot{pes

a-1) [0.25 pointg] AA
a-2) [0.25 pointg]| Aa
a-3) [0.25 points] aa

b) What are the frequencies of the following alleleshis population?

b-1) [0.5 points] A
b-2) [0.5 points] a

c) Genetic equilibrium within a population occurs whalele and genotype frequencies
do not change over time. The Hardy-Weinberg forngpd&2pg+d = 1; where, p is the
frequency of the first allele and q is frequencyla second allele) shows the
proportion of genotypes in a population that ig@metic equilibrium, i.e. allele and
genotype frequencies remain constant over time.€kpected frequencies of the
homozygous genotypes are given Byapd d.The expected frequency of the
heterozygous genotype is 2pg.

What would the expected frequencies of the follgrgenotypes be if this population
was in a genetic equilibrium?

c-1) [0.5 points] AA
c-2) [0.5 points] Aa
c-3) [0.5 points] aa

Q3. [3.75 points] The past recorded population of the African eleph&oxodonta
africana) in Chobe National Park, Botswana which coversu@a of 11700 kfis shown

7
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in the table below:

Year 1990 1995 2000 2005 2008 2010

Population | 24500 26650 28650 29000 29500 31000
size

a-1) [1.0 point] Use the data above to plot a graph of elephantlptpn size
against year using the graph paper provided.

a-2) [0.5 points] Draw the linear trend line of your data, and deiae the equation of
the line.

a-3) [0.25 points] What was the average growth rate of the elephgmtlption from
1990 to 20107?

a-4) [0.5 points] What is the projected elephant population siz20h9?

b) [0.5 points] Calculate the difference in the density of the leéey populations in the
Chobe National Park in 1995 and 2010.

¢) [0.5pointg] In vegetation inhabited by elephants, it is comrtwoabserve dead large
trees. This is because elephants feed on barke afde stems during dry months,
eventually leading to death of the entire tree hEglephant consumes on average

200 kg/day of food, of which 35% is stripped fromet barks.

Calculate the total amount of bark that was stipipel 995.

d) [0.5 points] Of the 200 kg consumed material, about 136 kg tarmed to the
environment as waste. While this might be goocerms of nutrient dynamics, the waste
could pose arisk as a fire hazard due to the aslation of all the dead material.

Calculate the percentage of the actual materibtedi by the elephant per day.
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Q4.[1.5 points]

Animal cells are surrounded by a cell membrane.eddes in the membrane are oriented
or positioned in a specific way within the membratepending on their properties and
functions.

Below is a list of terms associated with the cedinnibrane. Decide whether each of those
corresponds to the interior of the membrane (withexmembrane) or the exterior surfaces
of the membrane and fill in the appropriate tabl¢hie answer sheet. The following terms
given may be associated with one, both or neithénecompartments. Complete the table
in your answer sheet, using “+” if the term appkesl “0” if the term does not apply.

Interior Exterior

Hydrophobic

Hydrophilic

Fatty acid tails

Ribosomes

lon Channels

Oligosaccharides
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CHEMISTRY

Acid minedrainage and air pollution at a nickel mine

Q5 [8 points] Acid mine drainage (AMD) formation is widely reauged as one of the major
environmental problems caused by mining worldwiddinerals responsible for the
generation of AMD are iron sulphides (pyrites), @fhiare stable and insoluble when not in
contact with water and atmospheric oxygen. Wheirtgyich waste ore is exposed to oxygen
and water in the presence, fiobacillus ferrooxidans bacteria, AMD is produced due to the
oxidation of pyrites according to the following edjon:

4FeS,(s) + 150,(g) + 14H,0(1) — 4Fe(OH);(s) + 8H,S0,(aq)

BCL Limited, a copper-nickel mine in Botswana, ngrand produces 450 tons/day of ore and
experiences AMD problem. Solid waste material comtg 5.00% by mass of pyrite is
produced in the copper-nickel concentration praogsplant. Due to this, BCL experienced
the following problems:

« Neutralized water was discharged into a publicasireat a rate of 300 . The

effluent quality did not meet the permitted levEbO00 mg/L sulphate.

* The neutralization cost was too high due to impmbliae.

» Excessive acid seepage had resulted in the detgoiorof the land around the mine.
To combat these problems, BCL constructed a newna neutralization plant to treat 50
mh of AMD in which treatment took place in phassdalows:

» Acid neutralization with limestone
CaCO3(s) + H,S04(aq) — CaS0,4(s) + CO,(g) + H,0(D)
» lron (iii) is precipitated according to the reactioelow:
Fe,(S04)3(aq) + 3CaC03(s) + 3H,0(1)
— 2Fe(OH)3(s) + 3CaS0,(s) + 3C0,(g)

During commissioning of the plant (flow rate of 8ar*/h), in which red lake water with a
low iron(ll) concentration of 100 mg/L was usediead water, the following were observed:
» Acidity was reduced from 1100 mg/L to 50.0 mg/L GaCQ)
 pH was raised from 1.9 to 6.0

It is reported that the BCL smelter emitted 534,@00s of sulphur dioxide and a further

10
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330,000 tons of carbon dioxide into the atmospldirectly and indirectly per annum.
Sulphur dioxide may combine with water directlyféom sulphurous acid, a weak acid:
S02(g) + 2H,0(1) — H30%(aq) + HSO3 (aq)
Alternatively, in the presence of particulate matiad aerosols, sulphur dioxide may react
with atmospheric oxygen to form sulphur trioxiddyigh forms sulphuric acid in water:
2502(g) + 02(g) — 2505(g)
S03(g) + 2H,0(l) — H30"(aq) + HSO% (aq)
Sulphuric acid is a strong acid that is especididynaging to soil because it causes the
leaching of calcium ions. Most soils contain claytgeles, which are surrounded by layers of
ions, including C&. However, calcium ions on the clay particles camdplaced by hydrogen
ions from sulphuric acid.

[Questions]

5a. [0.5 point] If calcium hydroxide, was used instead of limestomete the balanced
equations for the neutralization and precipitatiesactions.

5b. [1.75 point] If BCL produces 1.00 ton of solid waste in the ceppickel processing
plant:
What mass in kilograms of Fe(OHyill be produced due to oxidation of pyrites?

5c. [0.5 point] Calculate the mass (in grams) of iron(ll) in sauatpumped into the chemical
neutralization plant in 2 hours at the stated ftate using the red lake water as feed?

5d. [1.0 points] When the red lake water with iron(Il) concentratad.00 mg/L was used as
feed water in the chemical neutralization plang, piH of the waste water was observed
to rise from 1.9 to 6.0. How many moles of kbns were neutralized in one liter of
solution?

5e. Studies have shown that the rate of biological atxah of iron(ll) is given by
d[Fe?*]
T kA[Fe?*][0,]°°
Wherek is the rate constar is the reactor surface area, {fds the concentration of
iron(Il) and [Q] is the oxygen concentration.

rate = —

11
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5e-1. [0.15 point] What is the order of the reaction with respectram(ll) expressed as a
number?
5e-2. [0.25 point] A maximum rate of 16.1 molts® was determined for iron(ll)
oxidation at BCL. What is the rate of reaction whee surface area of the
reactor is doubled at constant volume?

5e-3. [0.5 point] What is the maximum rate of reaction when the pnessf oxygen
gas is doubled?

5f. [2.0 points] One process used to clean,Sm emissions of coal-fired plants is to pass
the emissions through a wet calcium carbonate ysluvhere the following reaction
OCCUrs:
2CaC03(s) + 250,(g) + 0, — 2CaS04(s) + 2C0,(g)
BCL used powdered calcium carbonate, a by-produom fthe paper industry. It
contained 35.0% impurities by mass. What massns tif calcium carbonate is needed
to remove one ton of sulphur dioxide if the remqualcess is 90.0% efficient?

In a separate study of the decomposition of calcaarbonate, a student added a 50.0 g
sample of powdered CaG@o a 1.00 L rigid container. The student sealesl ¢bntainer,
pumped out all the gases, and then heated theigenia an oven at 1100 K. As the container
was heated, the total pressure of the, @&s in the container was measured over time. The
pressure increased steadily and reached a maxinfulnO4 atm after 12 minutes. The
pressure remained constant on further heating.

The student repeated the experiment, but this timaestudent used a 100.0 g sample of
powdered CaC® In this experiment, the final pressure in thetaorer was 1.04 atm, which
was the same final pressure as in the first exparim

5g. [0.6 point] Calculate the number of moles of £€@as present in the container after 20

minutes of heating.

5h. After 20 minutes some Cyas was injected into the container, initiallysnag the

pressure to 1.5 atm at constant temperature.

12
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5h-1. [0.25 point] What will be the final pressure inside the corgai
Tick the correct answer

Less than 1.04 atm
Greater than 1.04 atm
Equal to 1.04 atm

5h-2. [0.25 point] Where will the equilibrium shift to in the reaatiequation below?
CaCO05(s) = CaO(s) + CO,(9)
Tick the correct answer

Right (product side)
Left (reactant side)
No change

5i. [0.25 point] The equilibrium constant can be expressed in tefpsrtial pressure (#in

the same way as it can be expressed in terms ckatnation (K). Calculate the value of the
equilibrium constant{,, for the decomposition of CaG@t 1100 K.
CaC05(s) = CaO(s) + CO,(9)

6. [1.5 points] The mineral trona is a source of sodium carbornat®rding to the equation
below:

h
2Nag(CO3),(HCO3) - 2H,0(s) i 5Na,CO03(s) + CO,(g) + 5H,0(1)
What mass in kilogram of sodium carbonate can bmdéd from 0.850 ton of trona?

7. [0.5 points] Carbonic acid in rain water, results from the digsg of atmospheric carbon
dioxide in water.

The partial pressure of GGn air saturated with water vapour at 25 is 3.04x 10 atm

and Henry's constant for GOin water is 2.3x 102 mol L™ atm®. What is the

concentration of carbonic acid in rain water?

13
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PHYSICS

Q8. [1.40 points] An ambulance’s siren emitting sound at 300.0 Hm®ving towards a
stationery observer at a velocity of 90.0 knWhe air temperature is 38°CQ and the speed of
sound is given by:

vs = 331.3 + 0.606 X T;

where v, is the speed expressed in m/s dhdis the temperature ifC.

Calculate the frequency of sound that the obsemgerdd hear as the ambulance approaches
the observer.

Q9 [1.55 points] The driver of a car moving on a straight road atebocity of 33.2 m/s
notices a cow crossing the road from 60.0 m awhg rBaction time of the driver is 0.20 s.
Assuming that the car is moving with uniform accaf®n, calculate the acceleration of the
car if it stops just before hitting the cow.

14
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Q10 [255 points] A farmer in __| Ax,
Mohembo is pumping water from } o i';
Okavango river to his farm through a o
pipe which decreases in diameter from Ax, —_—
0.35 mto 0.25 m (see illustration on the 7 — P,

right). The farm is at an elevation of
960.0 m and the river is at an elevation
of 940.0 m above sea level. The pumpy
is pushing water at a gauge pressure @
670.0 kPa. The pressui® velocity v,
density of waterp (1000 kg/m3) and
elevation y are related by Bernoulli's
equation:

| Y2

P
St %vz + gy = constant,

The flow rate,Q of water through the pipe is given by continuityation:
Q = Ay = Ay,

where A; and A, are the cross-sectional area of the pipe. (Na@evilater is incompressible
and its flow is laminar. Take the gravitational elecation, g = 9.80 m/s).

If water is pumped at a velocity of 1.30 m/s atker,

a) [0.85 pointg]| Calculate the velocity of water through the pipéhatfarm.

b) [0.9 pointg] Calculate the gaugmessure of water at the farm.

c) [0.8 pointg| Calculate the amount of time it would take tbdireservoir of 50000
litresat the farm.

15
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Q11. [1.9 points] A game is designed such that to win, ball A of sn@8.0 g hits ball B of
mass 20.0 g which is at rest on the edge of a In22fgh table. After the head-on collision
ball A falls and hits the floor at a horizontaltdisce of 1.0 m from the edge of the table while
ball B falls and hits the floor at a horizontal tdisce of 2.0 m from the edge of the table.
Calculate the velocity of ball A just before itithall B, for the player to win. (assume that the
acceleration due to gravity = 9.80 m/s?)

Q12[2.6 points]

a) [1.1 points] A student placed a torct
under water at an angle,,. The light
ray from the torch passes into a gla
plate as shown in the Figure to tt
right. The student observed that
varying angle 6,, , light passes
through the glass or is internall
reflected.

What is the minimum anglé,, that
will result in total internal reflection
of the ray at the glass-air boundary?

b) [1.5 points] When a light ray from air is incident onto a rexgalar glass slab of
thicknesst with an angle of incidencé,, the angle of refraction at the air-glass
surface is@,

b-1) [0.6 pointg] lllustrate with a diagram the path of the ray tigb the slab and
label the angle®; and 6,.

b-2) [0.9 paints] Find the expression for the perpendicular distandeetween the
extended incident ray and the emergent ray exitiegslab in terms of; and
6, andt.

16



