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Question 1 
Timing:  you should complete this question in 16 minutes. 
 
(a)    The atmosphere is arranged into regions according to the variation in atmospheric  
  temperature with altitude. 

• Provide a sketch of the vertical profile of the atmosphere naming each of the 
regions and providing temperature and pressure conditions up to 100km 
above the surface. 

• Explain how the atmosphere functions as a radiation shield for the biosphere. 
• In which region is the hydroxyl radical found and how is it formed? 

 
          (6 marks) 
 
 
(b)  The mechanism of stratospheric ozone destruction in the polar regions (springtime) is 

fundamentally different to the general stratospheric removal mechanism.   
• Discuss how the chemistry of the CFC's results in rapid ozone depletion in the 

polar spring.  Use chemical equations to support your answer and indicate why 
chlorine monoxide is important in ozone chemistry. 

• Provide a Lewis dot structure for chlorine monoxide. 
• What type of compounds have replaced CFC’s and why do these not cause 

catalytic destruction of ozone in the stratosphere? 
       (6 marks) 

 
 
Question 2 
Timing:  you should complete this question in 21 minutes. 
 
(a)   Water quality is generally established by carrying out a series of standard tests such as pH, 

alkalinity and BOD.  
• Explain how you would carry out a Biological Oxygen Demand (BOD) 

measurement including details of quality control procedures.  
• What chemical species found in water is the BOD test concerned with?  
• A freshwater may have a high alkalinity and yet be only moderately basic  

(pH 8.5).    Explain how this can be the case.  
In your answer include a calculation of the OH- concentration and  

       provide a clear definition of alkalinity (including units).  
 

           (6 marks) 
   
(b)    A variety of acids are found in both freshwater and marine environments.  

• List the typical major acids present in these two environments (non-polluted), 
indicate the characteristic pH’s of these waters. 

• Calculate the hardness of water in mg CaCO3 eq / L for a sample of water 
which had the following analyses:    
  Ca2+ 300ppm Mg2+  200ppm    Cl-  210ppm      HCO3

-
  150ppm   

Is this a soft or a hard water sample and how would you go about measuring the 
hardness without access to the above analyses? 

          (5 marks) 
 

 
(c)  Three major elements of the geosphere, silicon (27.7% abundant in the crust), aluminium 

(8.1%) and iron (5%), are found in low concentration in the ocean, the final repository of 
weathered minerals.   

•   Explain this apparent anomaly, in your answer you should detail how 
surface  
  chemistry is important. 
•  What is the exogenic cycle as it applies to biogeochemical cycling? 

          (5 marks) 
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Question 3  
Timing:  you should complete this question in 14 minutes. 
 
(a)    Weathered minerals make up a substantial component (>95%) of soils.   

• Define the following terms: rock, mineral. 
• Provide an example of each of the following minerals, include a chemical 

formulae for each and indicate how they will undergo chemical weathering. 
(i) an sulphide mineral 
(ii) a carbonate mineral 

• How are sedimentary rocks and igneous rocks involved in soil formation and 
what are these rock types? 

 
        (6 marks) 

 
 
(b)    The soils in coastal North Queensland are frequently highly altered due to the high  
  average temperature and rainfall.  

• What measurements would you need to determine if a soil is highly altered? 
• Sketch a typical tropical soil profile, indicating the different horizons and the 

composition (minerals, organic matter etc) of each horizon.                             
(N.B. you do not need to specify an exact soil profile). 

• List 3 soil parameters that are typically used to define a soil and provide 
indicative values for the soil you have described above. 

          (6 marks) 
 

 
Question 4 
Timing:  you should complete this question in 24 minutes. 
 
(a) Describe the apparatus you would use for sampling and the methods that you would use  
  for analysing the following samples : 

• Formaldehyde vapour in workplace air. 
• Heavy metals (Pb, Cd) in leachate from a tailings damn. 
• A soil contaminated with polychlorinated biphenyl (PCB) residues. 

 
         (6 marks) 

 
(b)    Chemiluminescence is a technique frequently used for the real time analysis of NOx and O3  
  pollution in urban air-sheds.  

• Indicate the typical features of a chemiluminescence spectrometer used for analyzing 
NOx. 

• How does the phenomenon of chemiluminescence differ from that of fluorescence? 
        (5 marks) 

 
 
(c)    High Performance Chromatography (HPLC) is the major technique used for the analysis 
of  
  water soluble organic compounds, especially those with low volatility.    

• Sketch the features of a typical HPLC instrument and include details of the 
stationary phase and the type of mobile phase that would be used. 

• Explain the basic principle of operation of (i) MS detection and (ii) photodiode 
array (PDA) detection. 

• Provide an example of an environmental pollutant that is routinely analysed by 
HPLC. 

        (6 marks) 
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Question 5 
Timing:  you should complete this question in 16 minutes. 
 

(a)    In South East Queensland photochemical smog ensures that the air above the city of 
Brisbane is rarely perfectly clean.     
• What are the physical conditions required for the formation of a typical 

photochemical smog. 
• What are the primary and secondary pollutants in a photochemical smog. 
• How does vegetation in and around the city of Brisbane influence air quality? 
• What measurements are made in South East Queensland to determine the extent 

of smog formation? 
 

          (6 marks) 
 
 
(b) The radiation balance at the Earth’s surface is sensitive to the concentration of greenhouse  
  gases in the troposphere and the planetary albedo.   

• Draw a simple diagram indicating the radiation balance at the Earth’s surface. 
• List three major natural greenhouse gases. 
• Define the planetary albedo. 
• Explain the terms global warming potential and relative warming potential as 

they apply to the greenhouse gases. 
         (6 marks) 
  
 

 
 
 

 

Question 6 
Timing:  you should complete this question in 14 minutes. 
 
(a)  Provide an example (molecular structure) of each of the following classes of common organic  
  pollutants and describe the use or origin of the pollutatant 

• Organophosphate  (OP).   
• Polycyclic aromatic hydrocarbon (PAH) 

 Indicate if the molecules that you have chosen biomagnify in the environment, explaining 
what  
  the term biomagnify means. 
. 

        (6 marks) 
 

(b)  Despite the fact that both mercury and lead have long been known as toxic metals they are 
still  
  in widespread use.   

• Compare and contrast the uses, chemistry and toxicity of mercury and lead. 
. 

         (5 marks) 
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{CH2O}   +  O2    → CO2   +  H2O pEo

w
   22  ΔGo -475 kJ/mol 

 
5{CH2O} + 4NO3

-       → 2N2 + 4HCO3
- + CO2 + 3H2O pEo

w
  21    ΔGo -448 kJ/mol 

 
{CH2O} +3CO2 + H2O + 2MnO2  → 2Mn2+ + 4HCO3

- pEo
w

  18  ΔGo -349 kJ/mol 
 
{CH2O} +7CO2 + 4Fe(OH)3   → 4Fe2+ + 8HCO3

- +3H2O pEo
w

  9.2  ΔGo -114 kJ/mol 
 
2{CH2O} + SO4

2-     → H2S + 2HCO3
- pEo

w
  4.5  ΔGo  -77  kJ/mol 

 
2{CH2O}    → CH4 + CO2 pEo

w
  4.1  ΔGo   -58 kJ/mol 

 
3{CH2O} + 2N2 + 4H+ + 3H2O  → 4NH4

+ + 3CO2   ΔGo    -56 kJ/mol 
 
CO2 + H2O + hν   →  {CH2O} + O2  ΔGo +478 
kJ/mol 
  

CaCO3 + 2H+  → Ca2+ + CO2 + H2O 
 
CaCO3 + H2SO4 + H2O  → CaSO4.2H2O + CO2
 
2CaCO3  + 2SO2 + O2 + 4H2O → 2CaSO4.2H2O +2CO2
 
4FeS2 + 15O2 + 14H2O → 4Fe(OH)3 + 8H2SO4 
 
KAl3Si3O10(OH)2  +  3C2O4

2-  +  10H+ → 3AlC2O4
+

 +3Si(OH)4+ K+ 
 
2NaAlSi3O8 + 2H2CO3  +  9H2O     → 2Na+ + 2HCO3

- + 4H4SiO4 +  Al2Si2O5(OH)4  
2SO2 + 2H2O + O2 → 2H2SO4    (Mn cat.) 
 
CH4 + OH + 2O2 + 2NO → HCHO + 2NO2 + H2O + OH 
 
CH3CHO + OH +O2+ NO2  → CH3COO2NO2  + H2O 
 
106CO2 + 16NH4

+ + H2PO4
- +106H2O  C106H263O110N16P1 + 106O2 + 15H+
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